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Abstract

Detection and characterization of anomalies in an industrial plant provide improved plant availability
and plant efficiency thus yielding increased economic efficiency. Traditionally, detection of process
anomalies is done at a high-level control system through various signal validation methods. These signal
validation techniques rely on data from transmitters, which measure related process variables. Correlating
these signals and deducing anomalies often is a very time consuming and a difficult task. Delays in
detecting these anomalies can be costly during plant operation. Conventional centralized approaches also
suffer from their dependence on detailed mathematical models of the processes. Smart field devices have
the advantage of providing the necessary information directly to the control system as anomalies develop
during operation of the processes enabling operators to take necessary steps to either prevent an unnecessary
shut down before the problem becomes serious or schedule maintenance on the problematic loop. Fisher-
Rosemount's PlantWeb™ architecture addresses "Enhanced Measurement, Advanced Diagnostics and
Control in the Field." PlantWeb™ builds open process management systems by networking intelligent
field devices, scalable control and systems platforms, and integrated modular software. A description of
PlantWeb™ and how it improves various process conditions and reduces operating cost of a plant as well
as a high level description of "Enhanced Measurement, Advanced Diagnostics and Control in the Field, "
will be provided in this paper. PlantWeb™ is the trademark for Fisher-Rosemount's new field-based
architecture that uses emerging technologies to utilize the power of intelligent field devices and deliver
critical process and equipment information to improve plant performance.
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1. Introduction

Increasing economic efficiency is the most important task of various engineering groups and
managers of industrial plants. Plant engineers have increased process efficiency through
implementing optimum process control systems and providing assistance to operators through
monitoring and system condition analyzers. However, increase in economic efficiency will be
limited by simply focusing on advanced control schemes. Improvements in plant availability will
have larger impact in increasing the economic efficiency of an operating plant. Improving the
component availability can be achieved through early detection of anomalies, providing
condition-based real-time maintenance. Figure 1 gives a schematic representation of these
complementary approaches. They are complementary because having the best control scheme
will be limited in the event of a catastrophic critical plant component failure.

Figure 2 displays the traditional role of signal validation modules and where signal validation
schemes are applied. It is easy to determine the inefficiency of applying validatory schemes at
that high level when we consider the signal linearization, damping, and communication delays
that mask the true readings of sensors. Even though readings are accurate by the time they reach
this high level sensor validation systems, the critical information hidden in the raw data has been
lost.
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Figure 1. Advanced diagnostics improves plant availability and efficiency.

Both of these approaches depend on recognition of system condition and therefore directly
depend on the quality of observed signals. There has been an extensive amount of work in the
area of signal validation. However, most of the previous work in this field concentrates on cases
where there is either hardware or analytical redundancy. For instance, if there are three or more
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sensors measuring the same process variable, one can implement a consistency checking or
majority voting type of algorithm as a signal validation method to detect signal anomalies. In
addition, model based techniques [1, 2, 3, 4, 5] are heavily used when different types of
measurements are available for the same process or the same system. Most of these techniques
are based on the modeling of the normal behavior of a sensor by autoregression time series and
then monitoring its behavior [1, 4]. These various techniques for signal validation have been
integrated with high-level control systems and their data acquisition systems to provide the
assistance that the plant operators need during operation.
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Figure 2. Traditional role of signal validation in plant instrumentation.
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Figure 3. OREDA Failure analysis data demonstrates that rotating equipment are the least
reliable devices in an operating plant compared to transmitters and sensors.
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2. Asset Management Begins With Field-Based Data

Understanding the failure rate of various pieces of equipment is key to a predictive maintenance
program. Industry data (see Figure 3) has shown that the least reliable instruments are typically
rotating equipment, with transmitters being the most reliable.

Various industry data have indicated that transmitters and sensors are the first candidates for
inspection in the event of an anomaly. 1997 HPI maintenance spending data indicates that nearly
20% of the maintenance budget is spent on inspecting transmitters (Figure 4) which are the least
likely candidates for the detected anomaly. Elimination of these unnecessary inspections can
have a major impact on maintenance costs. Knowing that the instrument is healthy is therefore
equally as important as if it has failed [6].

Maintenance log data of a large chemical plant have also shown that nearly 65% of the time
these inspections indicated that transmitters were healthy, thus leading to waste of resources
which increases the operational cost of a plant.

A typical service call for a process instrument can cost $300 per call, which can quickly exceed
the purchase cost of the instrument. Figure 5 shows the results of a large chemical company's
field maintenance logs. 35% of the trips made to the field were routine checks, where no
problems were found. Another 28% of the field trips were reactions to a problem, but not found
in the transmitter. A total of 63% of the trips to the transmitter would have been unnecessary if
the health of the transmitter had been known [6].
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Figure 4. Hydrocarbon Petroleum Industry data indicates that nearly 20% of maintenance budget
is spent on instruments.
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3. Plantwide Asset Management and Integrated Diagnostics Technologies

Advancements in communication and software technologies are now enabling the integration of
islands of automation for asset management system to provide a plant wide view for the operator.

As we see in Figure 6, advancements in communication and electronics technology have fostered
many of the automation improvements in the process control industry. The advent of the DCS
and smart instruments in the 70's and 80's have provided the foundation for automated process
control that is pervasive in today's industry. The usage of process control has been attributed as
having reduced the operating cost of process industry plants by 5 to 9%.
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Figure 5. Large chemical company's maintenance logs indicates that 63% of trips made to a
transmitter was not necessary.

The advances in communications and software have now given birth to a new generation system
most often referred to as the "field-based system". Field-based system is founded on the ability
to network field devices, i.e. sensors, valves, smart motors etc. with controls and asset
management systems to provide for an integrated information system that can be used for control
and automated maintenance [7].

The shift to field centered architecture is underway and is being led by open field device
communication protocols such as HART® and Foundation Fieldbus. More than 4,000,000
HART based instruments and valves are installed in the worldwide process control industry and
can be used as the platform for diagnostics information needed for a plant-wide maintenance
strategy [6].
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Figure 6. Field-based architecture integrates asset management with intelligent devices.

4. The Transmitter Role Changes to Data Server

The role of the field device, especially the digital transmitter, changes dramatically in the
transition to the field-based architecture. Formerly, the transmitter has provided a single piece of
information to the process controller, the process variable. However, in the age of the networked
transmitters, the role of the transmitters changes to that of a data server.

In a Fieldbus and HART® based network, the transmitter is now able to provide diagnostics
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Figure 7. Transmitter's role changes to data server in field-based architecture.

information on the health of the sensor, the health of the process and even on the health of other
pieces of equipment connected to the process, e.g. the valve, the compressor etc.

The ability to provide a standard set of diagnostics from networked field devices is the
foundation of an integrated Plant Asset Management System. An integrated AMS system
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provides the capability of advanced maintenance scheduling based on measured and predicted
needs thus increased plant uptime and reduced maintenance cost.

5. Smart Field Devices Improve Availability
Today's smart field devices consist of two essential parts: A sensor module and an electronics
module. As silicon technology advances, the tasks that can be accomplished within the electronics
module expand significantly. Microcomputers within an electronics module are responsible for
tasks such as sensor linearization, damping, communication and diagnostics. Since transmitters are
devices that contact processes and provide measurements on these processes, performing anomaly
detection, whether they are related to the measurement device or process itself, can be another task
for transmitters, thus making them more intelligent field devices that are aware of the changes in
their environment.

Advanced diagnostics approaches address: fault detection, fault isolation and root cause analysis.
Early detection of anomalies, either process related or device related, is key to improving plant
availability. A common methodology for fault detection throughout field devices, i.e. transmitters,
valves, motors would improve the diagnostics capability and possibility of early anomaly detection.
Once an anomaly is detected, the next step will be isolating this anomaly and relating it to a most
probable device as the originator of the anomaly, i.e. valves, motors, pumps or transmitters.
Isolation of the faulty device will provide a diagnostics system to perform more advanced
diagnostics on devices to determine the root cause of the problem. Determining the root cause of
the problem will enable plant engineers and technical personnel to arrange necessary changes to
prevent similar problems from occurring in the future.

While sensors have long been recognized for their value in providing a measure of the process
variable for closed loop control, the value of a sensor for condition monitoring of the plant
equipment and process is a relatively new phenomenon.

Condition monitoring systems have become prevalent for the monitoring of high cost equipment
such as rotary machines, e.g. compressors and turbines. Many companies report paybacks of
only a few months for strategically placed vibration-monitoring systems.

However, until recently, condition based maintenance systems have been "stand alone systems"
that have existed as "island of automation" (see Figure 8) without the ability to be coordinated
with other pieces of equipment and data to provide for a plant-wide view. It has not been
possible to provide the ability to manage the entire plant asset to achieve maximum plant uptime
at the lowest possible maintenance cost.

6. Asset Management Solutions and Process Control

Asset management can be defined as maintaining product equipment properly to deliver
maximum performance and service life at minimal cost. Three major aspects of an asset
management solution system can be described as:
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Smart field devices: Information gathering and information dissemination about their
operational status as well as the process.
Communication protocol: An open communication protocol which is capable of transmitting
information from field devices and control systems, regardless of the manufacturer, to the
designated areas.
On-line Software: Dedicated software system that provides necessary tools to analyze and
display information coming from various field devices to help the operators or maintenance
personnel.

Manually
Gathered
Data

DCS
Control

ands of
Automation

Figure 8. Today's condition monitoring systems are islands of automation and are not integrated.

Today, Fisher-Rosemount offers a large family of intelligent field devices with digital open
communication systems such as HART® and Fieldbus for pressure, temperature, flow, and level
measurements [7]. Some of the enhanced measurement capabilities of these intelligent field
devices include multivariable measurement in a single transmitter, field-based controller, dual-
element RTDs, and radar level measurement as part of Plant Web™ (Figure 9). Rosemount's
3095MV model offers three independent process variable measurement, differential pressure,
absolute pressure and temperature as well as level calculation and flow rate calculation.
Similarly, Rosemount's 3095C is a field-based control and measurement device for level
applications where PID controller and an auto-tuner for the PID reside within the same
transmitter. 3244MV is a multivariable temperature transmitter which two independent
temperature measurements can be obtained for AT control with a dual element RTD for "hot
backup" in the event of a sensor failure and a drift detection capability for dual element RTDs
[7].
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Fisher-Rosemount has shown its dedication to open communication systems more than a decade
ago by donating its digital communication system HART® to the industry which, later became
process automation standard with hundreds of manufacturers offering products that support
HART®. Similarly, Fisher-Rosemount is the leading manufacturer in measurement and control
devices that support Fieldbus.

Fisher-Rosemount's Asset Management Solutions (AMS) product is the leading PC-based
software for providing on-line diagnostics for equipment and process monitoring. Integration of
AMS and intelligent field devices will help reduce process variations, improve availability and
efficiency of process plants. AMS provides calibration, valve diagnostics, transmitter
diagnostics, audit trail, on-line configuration systems and many other assets related information

Figure 9. PlantWeb™ field-based architecture provides open process management solutions by
networking intelligent field devices, scalable platforms and software.

7. Conclusion

A field-based architecture and its application to diagnostics, asset management is discussed in
this paper. Importance of intelligent devices for anomaly detection, open networking for
information and system analysis, and on-line software system for monitoring and diagnostics
have been outlined. Improving economic efficiency and plant performance may be achieved
through "Enhanced Measurement, Advanced Diagnostics and Control in the Field. Although each
of these components are equally important and effective, integration of these concepts will provide
the highest desired performance and economical impact.
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