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Expert Online, as a software system, is aimed at providing plant operators in the minerals industry
with effective training and on-the-job assistance. It incorporates a number of features to achieve
this goal, of which the most important is its ability to explain the dynamics of the plant and
control system in simple language, mimicking an informed plant expert who has online access to
the inner workings of the plant and control system. This is made possible by a novel form of
Artificial Intelligence, called the Interpreting Expert System. Previous implementations of the TES
were only capable of explaining controller actions. Expert Online will extend this capability to
also perform the more difficult task of explaining process behaviour.

Expert Online will implement three main processes, namely the accumulation of data from the
controllers and plant models, the interpretation, processing and filtering of that data and lastly
communicating the relevant information to the user, both as written messages and in other audio-
visual forms. Although Expert Online is aimed at the operator, other plant personnel, like
supervisors and plant managers, will also benefit from it.

This paper focuses on the structural and functional design of Expert Online for implementation
on the latest version of Mintek’s open control platform, PlantStar, highlighting advances and
additions since the previous implementations of the Interpreting Expert System and concluding
with an example illustrating some of the principles.

Introduction

Expert Online was born of the following vision: ‘To
develop a software system that will be able to mimic an
informed minerals processing plant expert who has on-line
access to the inner workings of both the process and the
control system. The objective is to provide the operator, and
other users of different skill levels, with effective training
and on-the-job assistance with respect to the process
operation. This will make it easier and more enjoyable for
the user to interface with the advanced process and control
technologies, thereby enhancing utilization and
maintenance of the system. Proper training and assistance
will result in better staff performance and improved plant
productivity. Novices will gain training and expert users
will be reassured that the technology is functioning
correctly’.

At the heart of the Expert Online lies the Interpreting
Expert System (IES)2, a novel form of artificial intelligence
(Al that was developed by Mintek in order to explain
controller behaviour in simple human language. The first
implementation of the IES was done on Mintek’s milling
control system, MillStar™, and applied on an industrial
plant with two milling circuits3. A second version has been
implemented for different control modules on Mintek’s
generic control platform, PlantStar. The IES technology is
now being expanded further for use in Expert Online.

Up to now the IES was only aimed at explaining the
actions taken by a control system. Expert Online is taking
on the more difficult task of now also explaining the plant
dynamics to the user. Expert Online has gone through a full
redesign for implementation on Mintek’s latest control
platform, PlantStar version 4. One problem with the
previous IES was information overload. This is being

addressed by looking at sophisticated filtering techniques in
order to only select the most relevant messages for display
on the user’s screen. Fault detection is a whole new feature
that has been included in the design of Expert Online.

A market survey was conducted at a South African PGM
plant to better understand what the client expects of an
advisory system like Expert Online and which features will
be of most benefit to them. Useful insight was gained into
the effective presentation of information, the usefulness of
certain content and the way the system would be utilized.
This has all been taken into consideration in the design of
Expert Online.

A South African consortium has been established for the
development of Expert Online, comprising Mintek
(focusing on the research and development of the system as
a whole), Lonmin (one of the biggest platinum producers in
the world, with plants suitable for the testing of Expert
Online) and the University of Natal (academic partner,
providing consultation and focusing on process modelling).

Expert Online is still under development. A detailed
design of the system has been done, the technology has
been developed, some prototyping has been done, and parts
of the software have been implemented. This paper will pay
attention to three main issues: The structure and
functionality of Expert Online, the integration of Expert
Online on PlantStar version 4 and lastly a simple example
to illustrate the IES technology.

Expert Online functionality and structure
In order for Expert Online to provide plant operators with
effective training and on-the-job assistance, it will
implement three broad processes:

e gathering of data
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* processing of data
e presentation/communication of relevant information to
the user.

These processes correspond with the three sections shown
in the structural design of Expert Online in Figure 1, and
will be discussed in more detail in the subsections to
follow.

In order to properly support these processes, Expert
Online is comprised of many different modules, resulting in
a system with distributed functionality and distributed
artificial intelligence. Some of the modules are re-
implementations of currently existing technology with some
enhancements, while others are new developments. The
design has been done for integration into the latest version
of Mintek’s control platform, PlantStar version 4 (to be
discussed in the next section).

Most of the Al of the system will be concentrated in the
IES Core Module, making it the central ‘brain’ or
processing unit of the system. The IES Core Module will
however only be able to do sensible processing of the data
if it receives useful and ‘intelligent’ information from the
modules on the PlantStar Executive (plant models,
controllers, rules database, etc.). These modules act as
senses of the Expert Online system, and also provide the
IES Core Module with specialized information that it
cannot deduce on its own.

Expert Online will make provision for the generation of
different kinds of messages, including alarms (indicating
problems on the plant), warnings (alerts to potential
problems) and normal messages (explanations, assistance,
training). Previous versions of the IES only made provision
for normal messages. Later on this set could also be further
extended to other types of messages such as task reminders.

The client survey suggested two modes of operation,

namely ‘training’ and ‘normal’. The modes will
respectively focus on the training of new operators and
providing assistance to current plant operators. In training
mode, the user will be provided with ample explanations of
the process and controller operation, in order to rapidly
increase process understanding, thereby preparing himv/her
for real-life plant operation. In normal operation, the focus
will be on alarms and warnings, although occasional,
interesting explanations could be given to the operator to
gradually improve his/her plant knowledge, or to raise
awareness of special conditions.

A more detailed description of the modules, their
functionality and their interactions will be discussed next.

Gathering of data

In order for Expert Online to have knowledge of the inner
workings of the controller and the plant, the modules

located on the PlantStar Executive need to supply it with
the necessary information. These modules include the
controllers, plant models, fault detectors and rules database.
They essentially transform mathematical equations into an
expert language that is understood by the IES Core Module.
The expert language at this level will consist of
‘explanation packages’.

Previous implementations of the IES were only capable
of explaining actions taken by a control system. The IES
technology is now being expanded to also give
explanations, warnings and advice pertaining to the process.
This is considerably more complicated. The main difference
is that the exact mathematical implementation of a
controller is known, while a process can only be explained
by means of a model, be it an intuitive model in the mind of
a human expert or a mathematical model that can be
programmed into a computer. A large part of the challenge
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in explaining the plant is therefore to obtain an accurate and
useful model and to keep it up to date amidst process
variations and changes.

The structure and generation of the explanation packages
have been described by Hulbert, et al.l. Although Hulbert
has only demonstrated the use of the IES technology for
controllers, the same principles can be applied to the other
types of modules. An example incorporating both controller
and process explanations follows later in this paper.

The modules from which Expert Online gets the different
information it needs, will now be discussed.

Controller operation

IES functionality can be added to any controller to
transform the mathematical implementation into
explanation packages. Third-party controllers will however,
not have this internal functionality, and the need arose to
explain control actions taken by any generic controller,
making use of a controller tracker to model the generic
controller and generate explanation packets. This
functionality is still under development.

Plant dynamics

Expert Online will mainly describe plant behaviour in terms
of changes in process variables due to changes in
manipulated variables. It will also describe contradicting
scenarios, where the process behaved differently to what
was expected, and try to explain those cases.

Two types of models are distinguished for the Expert
Online, namely complex plant models and linear input-
output (I/O) models. The first are comprehensive, non-
linear models of the plant, usuvally derived from first
principles. The second are simplified, linear Laplace
transfer functions.

The complex plant models will be used to accurately
mode] and simulate plant behaviour so as to predict how the
plant will react in the near future, to serve as a source of
fault detection, to infer certain variables that cannot be
measured directly and to provide a noiseless system from
which linear I/O models can easily be derived. The complex
models could also be used to generate explanation packets
that the simplified I/O models are incapable of doing.
Complex plant models for flotation and milling circuits are
being developed in collaboration with the University of
Natal. These two processes have been chosen to begin with,
since Mintek is extensively involved in advanced process
control in those areas.

From the complex plant models, linear models need to be
derived to simplify the extraction of process characteristics.
These linear models simplify the complex models
sufficiently to allow basic explanation packages to be
generated, based on input-output relations as well as on
contradicting or unexpected behaviour. They are also called
‘plant trackers’, since they need to track what the plant is
doing and deduce explanations from that. In cases where no
complex plant model exists, linear I/O models can be
derived directly from the plant responses, although
probably with reduced accuracy.

Plant faults

From the client survey it was clear that fault detection
would be an important feature of Expert Online. The
methods to be used are still under investigation. Some of
the challenges for Expert Online will be to understand the
relationships between the faults detected and the process

operation and to predict undesirable conditions and warn
the operator before they result in actual problems.

It is envisaged that the fault detection system will consist
of a combination of generic fault detection tools,
specialized fault detection modules and custom fault
detection rules set up in the rules database.

The generic fault detection tools will be used to detect
faults that are common to most process variables
irrespective of the process to which they belong, e.g.
noiseless signals, which can indicate potential transducer
failure. A great number of statistical fault detection tools
are available for this purpose.

Other types of faults might be specific to a process and
therefore require specialized fault detection modules. This
might be related to the way a specific unit operates or the
particular combination of actions or conditions that
influences a result. These kinds of faults will often tie in
closely with the plant models and/or advanced controllers.

Custom faults could also be detected by setting up rules
in the rules database. These rules will trigger if certain
conditions are met and fire an alarm or warning as required.

The user will usually be informed of plant problems by
means of alarms, while warnings will be used to indicate
potential plant problems.

Custom rules

Provision will be made to set up customized plant
information in an IES Rules Database. This is a new
addition planned for Expert Online and will typically cover
scenarios that cannot be derived by the control and plant
models, e.g. on how different parts of the process interact
with each other or for setting up custom fault detection
rules as mentioned in the previous paragraph.

Processing of data

The IES Core Module is the main data processing unit and
will form the central repository of expert knowledge. It will
make use of an Intelligent User Module to do all user
specific processing, such as selecting relevant information
from the repository of expert knowledge according to a
specific user profile and translating the messages into the
user’s preferred language, making use of the Translation
Module. These will all be discussed in more detail.

General processing in the core module

The core module will accumulate Explanation Packets
generated by all the different modules discussed above. It
will then interpret the data and identify associations
between them, e.g. Explanation Packets that are referring to
the same process units or process variables.

Another important function of the Core Module is to add
a time dimension to the data, i.e. interpreting the data over
different time frames. For this purpose it will make use of
‘Derived Explanation Packages Elements’ (DEPEs), as
described by Hulbert, et al.l, (not implemented yet). A lot
of the interpretation of explanation packages over time will
be done by means of statistical methods. From this the
Expert Online will be able to give explanations like ‘The
sump controller is behaving erratically’ or “The pump has
been operating at maximum capacity for most of the time’.

User specific processing in the Intelligent User Module

All processing of data that is related to a user will take
place in the Intelligent User Module. This includes the
selection of relevant information from the torrent of expert
knowledge in the Core Module and the translation of
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messages into the user’s language of preference, by means
of the Translation Module.

One of the most important enhancements to the previous
implementations of the IES will be a much improved
system for filtering of the expert messages. Operators very
soon stop paying attention to messages when they are either
bombarded by too many messages or when the content of
the messages is of little value to them. The new filtering
system will be based on three criteria.

e User profile—The user profile will specify how much
that user wants to hear from Expert Online, e.g. by
specifying the average number of times per time unit
that he/she would like to be informed about activities
surrounding a certain process variable. This will be
translated into a number called the reference weight for
that variable.

 User interaction with the system—TFirst of all, the user
can probe Expert Online for more information

concerning any unit of operation. This will have an
immediate effect on the information supplied.
Secondly, Expert Online will gradually adapt the
information it supplies in accordance with user
preference, as deduced from the user’s interactions with
the system. If the user is looking at a specific mimic all
the time, it will be an indication to Expert Online to
talk more about the units displayed on that mimic.
These user preferences and requests will be translated
into attention weights. If the user requests information
about a certain topic, the reference weight for that topic
will be set to a maximum.

* Relevance of information—This criterion is based on
information supplied by the IES Core Module, as
opposed to the previous two criteria that were based on
user inputs. In this case the relevance of information
will be estimated through statistical methods, e.g. a
change in value that is much greater than the average
changes over the last time period. This will be
translated into a relevance weight.

All weights will be initialized according to default- or
user-specified settings. The three systems of weights will be
combined in order to select the messages of most relevance
to the user. The Intelligent User Module will track its own
performance in delivering the relevant information in the
right quantities and adapt itself accordingly, using a
sophisticated feedback system. The objectives of the
feedback system will be deduced from the targets set by the
user in the user profile and it will alter the reference weights
in order to achieve the targets.

Translation of messages

In order to effectively communicate with the user,
communication has to be done in the user’s language of
choice and in a way he/she is familiar with and understands.
Expert Online will therefore have the built-in facility to
translate the generic expert language into a variety of
human languages, using different language databases.

Some work has already been done on the translation of
expert explanations. Sentences are not translated word by
word, but rather as phrases. The translations also differ
from general machine translations in the sense that the
context and meaning of the sentence is already known, and
therefore it is only a matter of translating a known meaning
into a proper sentence in the preferred language.

The IES translation module makes use of language
databases for the translations. In order to implement
translation functionality for a new language, only a new
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database needs to be set up according to the specifications.
This prevents software versions from being user dependent.

An improved version of the translation module is under
development, looking into a better way of relating phrases
to each other and looking at generic ways of implementing
language-specific properties, e.g. the facilitation of gender
for nouns, noun flexions for different cases, sentence
structures and word orders that differ from English,
punctuation, separable verbs, weak and strong conjunctions
and many others.

Communicating with the user

From a technical point of view, the greatest challenge of
Expert Online is probably to develop and implement the
artificial intelligence associated with it. From a user
perspective it is equally important to present the data in a
way the user will like and understand (the human machine

interface-or- HMI).

Graphical User Interface

The previous implementation of the IES made use of a
message control to communicate messages to the user. The
main user interface for Expert Online will still be a message
control, but with many improvements.

There will be one main message window on the interface
and any number of custom message windows. The message
windows will be customizable; not only in terms of the
aesthetic settings, but also in terms of the messages to be
displayed and the manner in which they are to be displayed.
The user will, for instance, be able to set up the main
message window to display all the alarms for the entire
plant, as well as all the important messages from the milling
circuit. He/she will then further be able to set up a custom
message window to only display messages related to the
cyclone.

The user will be able to probe for additional information
on any of the messages. Alarms will have the option to be
displayed as pop-up windows that need to be acknowledged
before they can be closed.

The mimic and graphs on the PlantStar user interface will
be used to convey information in a more graphical way to
the user, e.g. by changing colours to highlight parts of the
process that has relevance to a specific message.

Speech synthesizer

Reading messages on the computer screen while
simultaneously watching the rest of the graphical user
interface (GUL), is quite a challenging task for most people;
so much more for operators who might have poor literacy
skills. It could therefore be advantageous to give messages
in audible format, so that the operators can listen to them
while associating them with occurrences on the GUIL
Speech synthesis will also be beneficial in alerting
operators of critical happenings on the plant if they are
unable to watch the computer screen all the time.

Using synthesized speech will require even more caution
in avoiding information overload, since the user cannot be
as selective in choosing what to listen to as he/she can be in
deciding what to look at. In ‘Normal’ mode, audible
messages would probably be limited to alarms and
warnings.

- No development has yet been done on the speech
synthesizer. The initial focus will be on native South
African languages. However, a modular system design will
allow for any additional languages to be easily
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implemented, much the same way the translation module
uses language databases to do the translations.

Platform and infrastructure

It is of utmost importance for Expert Online to propetly
interface with the plant and integrate with the control
system. It has been designed to integrate with Mintek’s
latest control platform, PlantStar version 4 (PlantStar v4 is
Mintek’s versatile, open, plant-wide control platform).

As discussed earlier, Expert Online consists of a number
of modules, each implementing different functionality and
together integrating into an intelligent expert solution.
PlantStar supports this modular approach very well,
allowing easy communication and interaction between these
modules. The diagram in Figure 2 shows the basic structure
of PlantStar v4 and how Expert Online integrates with it.

PlantStar control modules

A comprehensive set of tools and control modules for the
stabilization and optimization of industrial minerals
processes have been developed, tested and commercialized
for PlantStar. These include PI/PID controllers, feed-
forward controllers, multivariable controllers, model
predictive controllers, time delay compensators, fuzzy logic
controllers, filters, non-linear controllers, autotuners,
simulation modules and neural networks. Apart from
standard control modules, Mintek has also converted their
niche technologies into PlantStar modules, such as the
FloatStar controller for flotation stabilization, FrothStar for
flotation optimization, Minstral for furnace control and

MillStar for milling stabilization and optimization.

These modules all connect to the PlantStar Executive, the
robust scheduler at the heart of PlantStar. Due to its open
nature and modular approach, PlantStar allows for the
combination of any number and configuration of control
strategies into a single control solution. IES functionality
will be added to some of these modules, while other
modules are being developed specifically for the purpose of
Expert Online, e.g. the Plant Trackers and IES Rules
Database. Modules supporting IES functionality will
implement two interfaces, one to interface with the
PlantStar executive and one to communicate with the IES
Core Module.

PlantStar User Manager

The User Manager is the proxy that handles all user
interactions with PlantStar. First of all it manages the user
profiles, which is of relevance to the Intelligent User
Module. Expert Online will extend the normal PlantStar
user profiles to also include their Expert Online profiles,
containing settings such as the type and amount of
information they are interested in.

Another important aspect handled by the User Manager is
access and security. This is very important for any software
package implemented in the minerals industry. Apart from
hierarchical security levels that can be set-up in PlantStar, it
now also incorporates MS Windows security that allows for
seamless integration with the Windows system.

PlantStar Windows Client
This is the enhanced graphical user interface (GUI) of
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PlantStar v4, a rich Windows 32 client application with
multiple interfaces and dockable windows. It provides for
significantly improved communication with the operator
and includes features such as historical trending capabilities
and ‘drag and drop’ functionality for setting up plant
mimics. Additional user interface modules can seamlessly
be integrated into the Windows Client, of which the Expert
Message Control will be one. A portion of the user interface
consists of a process mimic, which will be utilized by
Expert Online as a more visual means of conveying
information (perhaps using colour and animation).

Additional features

PlantStar uses an intuitive XML tree structure to define the
plant structure and set up the control strategies in the ‘Plant
Definition File’. This tree structure exhibits some useful
features, such as an implied hierarchical structure of the

Example of an IES application

This section explains the basic principles of the IES using a
simple tank system example. The interactions have been
kept to a minimum and all units have been omitted for
simplicity.

A PID controller controls the level in the tank to a
setpoint by manipulating the outflow from the tank. The
following are examples of explanation package elements
(EPEs) that would be generated by the PID controller and
the plant tracker for a single execution interval.

EPEs from the Plant Tracker:
[level] [has changed] [1.8] because

plant-and-control system, which can-be used by Expert
Online in associating messages with one another and in
grouping them together in sets. If, for instance, the user
wants to find explanations pertaining to the mill, it would
be easy to see from the tree structure what variables are
associated with the mill, since they will all be child nodes
of the ‘Mill’ process-unit node, e.g. ‘Solids Feed’, ‘Mill
Water’ and ‘Mill Power’. The tree structure can therefore
give Expert Online some insight as to what the structure on
the plant and within the control strategy is. Graphical user
interface controls on the mimic and trends on the graphs
could also be associated with nodes in the plant definition
tree structure, making it possible to probe for more
information on a specific process component directly from
the mimic and the graphs.

An information management system, known as
minfoStar, has been developed to integrate with PlantStar
and its modules. Expert Online will make use of mInfoStar
for the retrieval of historical data when it is needed to
provide assistance to the operator.

1

[inflow] [is relative to] [6.1] [outflow] ]
[level] [is at its extreme] [0] (2]
EPEs from the PID controller:

[outflow] [is being changed] [8.4] because 3]
[level] [has changed] [1.8]

[outflow] [is being changed] [0] because (4]
[setpoint] [has changed] [0]

[outflow] [is being changed] [-2.3] because (5]
[level] [is relative to] [-2.2] [setpoint]

[outflow] [is at its extreme] [0] [6]

From the Plant Tracker’s EPEs it can be deduced that the
level has increased by 1.8, since the inflow is greater than
the outflow. From the EPEs of the controller it can also be
seen that the controller has increased the outflow by 6.1 due
to a positive proportional action (associated with the
increase in level) that is larger than the negative integral
action (associated with the level being below setpoint).

_.-p1 Plant Tracker

Inflow --—~

Outflow

PID

Figure 3. Basic tank system
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A weighting system based on user interest and magnitude
of change is used to identify a focal noun and focal EPE.
Assume for this example that ‘level’ was selected as the
focal noun and EPE (1) needs to be explained. Only
elements 1 and 2 having ‘level” as their focal nouns need to
be considered.

The first step in filtering the EPEs involves determining
which elements describe significant deviations from typical
operational conditions. The explanation containing zero as
an adverb (2) can thus be discarded and only element 1
needs to be included in the explanation. An example of
such an explanation could be:

The level has increased, because the inflow exceeds the
outflow.

On the user interface, the user might now probe for more
information on the outflow. Based on the altered attention
weights, ‘outflow” might now be identified as the focal

noun -and EPE (5) as the focal EPE.

Similar to the previous case, EPEs (4) and (6) are
eliminated as they contain insignificant changes. EPE (5)
however explains a contradicting occurrence (describes a
decrease in outflow when it actually increased) and a ‘why-
not’ explanation is therefore required. An example of an
explanation combining EPEs (3) and (5) could be:

Although the level is below setpoint, 1 (the controller)
have not decreased the outflow. Instead, 1 have increased
the outflow, since the level increased a lot.

Conclusions

The design of Expert Online incorporates many advances
over its predecessors, the first implementations of the IES.
It still exploits the original AI, but with additional
enhancements. For the first time not only the controller, but
also the process is being explained. Expert Online will
exploit many of the advanced features made available to it
by PlantStar. One of the most important aspects of Expert
Online will be the filtering of messages and the adaptation

system to ensure that relevant information is supplied to the
user.

Some of the expected benefits provided by Expert Online

include:

o Enhancement of staff skills—Using Expert Online as a
training tool will empower plant personnel, especially
the operators, to perform their tasks better.

e Improved plant operation—More competent staff and
better operational assistance will ultimately result in
improved plant productivity.

e Controller acceptance and maintenance-—Advanced
controllers on minerals processing plants are often not
well maintained and eventually fall into disuse due to a
lack of understanding and appreciation amongst plant
personnel. Expert Online will endeavour to open up
this ‘black box’ technology to the user by improving
their understanding of the complex control systems.
The resulting positive attitude towards and acceptance

of the systems will result in improved use¢ and
maintenance thereof.

° Reduction of staff turnover problems—Expert Online
will make it easier to train new staff, especially control
room operators, reducing the effect of high staff
turnover rates on the plant.
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