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Abstract 
The main objectives in the design of Hybrid Process Intelligent Supervision System (HPISS) are the 
supervision of hybrid (Le. discrete, continuous, and symbolic) process control, the structured information 
management among its different components, and its integration with the process control and other CIM 
activities. The HPISS assists the supervisor during the normal operation and in emergency states. 
During normal operation the supervision system supports the management of production goals and 
the supervision of the process control. Both contingency analysis and the support for decision making 
assist the supervisor in emergency situations. This paper describes the design of HPISS as a multi-agent 
system with the emphasis on sharing and exchange of information among the agents, using the PEER 
federated integration architecture. The supervision of a hydro-electrical plant is described in the paper 
as an example application. 
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1 INTRODUCTION 

The distinct phases of the product life cycle in CIM (Computer Integrated Manufacturing), such as 
the research and development, marketing, management, process and product planning, quality control, 
process control, etc. can be represented as interrelated activities (Didic, 1993; Sepehri, 1987). Every 
activity can be represented by several subacti vities that execute specific tasks and can be defined 
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CAC activity 

Figure 1 The supervision and production control subactivities of the CAC activity and their relationship 
with other CIM activities 

systematically as such (Loria et aI., 1995). The most natural architecture to represent and support 
interoperable activities is a federated network of distributed cooperating agents. An agent is a hardware
software basic cell that quite often run on several independent and heterogeneous systems. Tasks within 
a sub activity can either be executed by a single agent or by cooperation of several agents. An important 
requirement is support for sharing and exchange of information among different tasks within one activity 
(Le. tightly-coupled tasks), and among different activities (i.e. loosely-coupled tasks) (Barker et aI., 
1993; Afsarmanesh et aI., 1993). Figure I shows CIM activities by circles, the supervision subactivity 
and the discrete, continuous and symbolic process control sub activities of the CAC (Computer Aided 
Control) activity are represented by light grey ellipses. The loose coupling among the CIM activities 
is represented by dashed lines, the tight coupling among the CAC subactivities is represented by solid 
lines. 

The main role of the CAC activity is to regulate, check, and supervise the process variables on the shop 
floor, so that the processes have the adequate reliability and security. This characteristic improves the 
working conditions by assigning the more rudimentary processes to the machines, and the supervision 
and decision making to the human operators. Furthermore it allows the operators to focus on the efficiency 
of production and the quality of the product instead of merely producing it. Although CAC performs 
some automatic tasks, it mostly follows the operator supervisory recommendations in order to perform an 
optimal control over this important phase of the product life-cycle. Therefore, both the human-machine 
interaction and the team interaction are important aspects within CAC. 

The CAC activity consists of several subactivities, namely the supervision subactivity, discrete process 
control (DPC) sub activity, continuous process control (CPC) subactivity, and symbolic process control 
(SPC) subactivity. In this paper, for simplicity reasons, the three subactivities ofDPC, CPC, and SPC are 
together referred to as 'process control activities'. The supervision subactivity supports the monitoring of 
process variables, the display and management of alarms, communication services, supervision strategies, 
and contingency resolution using artificial intelligence techniques. The process control subactivities, 
supervised by the HPISS, control the discrete, continuous and symbolic processes on the shopfloor, 
where these processes are similar to the description of interrelated continuous and discrete events in 
(Eigi, 1993) and the discrete events in (Walter, 1992; Eigi, 1990). 

In this paper we focus on the supervision subactivity as a part of the computer-aided control activity 
(CAC). We present the design of the HPISS system that supports the intelligent supervision of hybrid 
process controllers on the shopfloor and the management of production goals and tasks. In specific, we will 
describe thc HPISS mUlti-agent architecture, the information sharing and exchange within HPISS, and 
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Figure 2 The agents in the supervision subactivity and their relations with the process control subactivity 
and the other CIM activities 

the information sharing and exchange with the process control and other CIM activities. The supervision 
subactivity is represented in HPISS by four kinds of agents that execute several supervision tasks; namely 
the production goal management, production task management, supervision, and simulation. The four 
kinds of agents are described here and their specific tasks are identified. Then a federated architecture 
PEER is defined to support the information management requirements and the cooperation needs of these 
agents in the supervision subactivity. The federated information management architecture supports the 
tight integration of supervision subactivity and the process control subactivities within the CAC activity 
and the loose integration of the supervision with other CIM activities. Although the general architecture 
and the platform for the implementation of HPISS is defined in the paper, the PEER implementation of 
different agents and their tasks in HPISS is currently under study and development and will be presented 
in future articles. 

The remaining of this paper is organized as follows. Section 2 defines the multi-agent architecture 
of the HPISS and describes the tasks performed by each agent. Furthermore, Section 3 describes the 
implementation of the HPISS system. Section 4 describes the PEER information integration architecture 
and how it represents the information sharing and exchange among the agents in supervision and between 
the supervision and the process control. An application of HPISS to a hydroelectric generating plant is 
described in Section 5. Finally, Section 6 concludes the paper. 

2 THE HPISS ARCHITECTURE 

The HPISS is a mUlti-agent system composed off our kinds of agents: Task Manager (TM), Goal Manager 
(GM), Supervisor (SV), and Simulation Agent (SA); clearly, in a shopfloor system, there may be several 
agents of each kind. Figure 2 presents the general overview of the architecture and its relation to the 
process control sub activities and other CIM activities. The process control subactivities link the shopfloor 
equipment to the supervision system. The supervisor (human operator) operates the system through the 
SV agent, aided by hardware displays. 

The CPC subactivity represents all the equipment and information provided by the field instruments 
(sensors, PLC, distributed controllers, special equipment) that control the continuous processes. The 
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DPC subactivity represents all the equipment and information provided by the field instruments (sensors, 
PLC, numerical control machines, industrial robots) that control the batch systems, both for normal 
operation and emergency situations. The continuous and discrete process subactivities are described in 
more details in (Loria et aI., 1995). The SPC subactivity represents all the equipments and information 
provided by the field instruments (sensors, PLC, distributed controllers, special equipment) that control 
the continuous and discrete systems. The SPC subactivity is supported by advanced control system 
strategies using artificial intelligence concepts, such as fuzzy logic, genetic algorithms, neural networks, 
and expert systems. As a result, very specific operating sequences will be suggested to the supervisor in 
order to clear an emergency state. 

The rest of this section describes the function of each agent within HPISS and identifies the tasks they 
perform. 

2.1 Goal Manager (GM) 

A Goal Manager coordinates the production goals received from other CIM activities (i.e. manufacturing) 
and delivers specific production tasks to a Task Manager. A GM agent defines the batch and continuous 
process control objectives, evaluates the process requirements, and modifies the production strategies in 
order to meet the production goals. One of the main tasks of a GM agent is to support the operator with 
decision making, supported by artificial intelligence techniques. During normal operation, a GM agent 
will guide the supervisor in the steps that need to be taken to operate the system, such as the manipulation 
of the start-up and stopping equipment, processes and subsystems. The intelligent alarm processing will 
guide the supervisors during the emergency situations. Alarm filtering will prevent the supervisor of 
exposure to an overwhelming amount of alarm information during an emergency. Typically there are 
several GM agents defined in a shopfloor environment. A GM agent performs the following tasks: 

Resource planning This task allocates the necessary shop floor resources to meet the production plans 
generated by other CIM activities. 

Production goal evaluation This task evaluates the progress of production goals in order to support 
the decision making by the supervisor. 
Contingency resolution support This task provides the supervisor with an overview of the system's 
state, and guides him to take the actions during an emergency in order to bring the system back to a 
normal state. The contingency analysis is supported through what-if analysis of the cases related to the 
shop floor behavior. 

2.2 Task Manager (TM) 

A Task Manager translates the production tasks obtained from a Goal Manager to operating parameters 
and supplies these operating parameters to each of the continuous, discrete and symbolic process control 
subactivities. In more complex or hierarchic control structures, this agent will become a Local Task 
Manager. In such case, this agent will act as an Goal Manager for the local subsystem. Typically there 
are several TM agents defined in a shopfloor environment. A TM agent performs the following tasks: 

Controller coordination In the case that several controllers interact, this task will verify the evolution 
of their control parameters and variables related to the production system at the shop floor. In case of any 
faulty control element (pLC or any distributed controller). this task will reassign that control function to 
another controller or will take control by itself. 
Signal integration The continuous process control and discrete process control subactivities gener
ate information using different formats. This task implements the conversion and translation of this 
information into a STEP based format. 
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Figure 3 Implementation topology of the HPISS 

2.3 Simulation Agent (SA) 

A Simulation Agent supports the simulation of the discrete, continuous and symbolic process controllers 
in order to estimate the dynamic behavior of the different shop floor processes. A SA agent supports 
both deterministic and stochastic process control simulation techniques. The result of these simulations 
aid the improvement of the goal management by a GM agent and helps the human supervisor in taking 
decisions in case of contingency situations. The simulators are based on Visual Programming Techniques 
that in turn facilitates the reconfigurations of the models. A SA agent performs the following task: 

Subsystem Simulation The simulation algorithms model the different shop floor processes and support 
the estimation of the dynamic behavior of the different subsystems. 

2.4 Supervisor (SV) 

A Supervisor represents a global overview of the process environment and supports the access to 
the production goal information, production task information, and simulation results. In contingency 
situations, the human operator (supervisor) can take decisions aided by the alarm and contingency 
information from a GM agent supported by AI techniques. A SV agent performs the following tasks: 

Visualization This task supports the visualization of the process dynamics through a user-friendly 
graphical user-interface. 

Supervisor display This task deals with the display of the main production and system parameters of 
the shop floor process in specialized classical display hardware. The task supports the display of general 
information by means of mimics and other kinds of visual hardware. 

Report generation This task supports the generation of both on-line and off-line reports, either requested 
by the supervisor or automatically during the normal operation. 

3 HPISS IMPLEMENTATION TOPOLOGY 

Figure 3 shows the implementation topology of the HPISS. The agents of the HPISS run on pes and 
Unix workstations connected through a local area network. This LAN network also connects the logical 
controllers and distributed controllers of the process control subactivities. The workstations and the 
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personal computers need to be connected by a distributed and cooperative architecture to support all the 
agents and tasks of the HPISS. In principle, the GM and TM agents will run on workstations. However, 
it it is also possible that the GM and TM agents operate in a distributed system supported by a number 
of PCs. The control equipment, such as the programmable logic controllers (PLC) and/or distributed 
controllers interact with the shop floor equipment through sensors and actuators. At the process control 
level it is necessary to use of international standards such as field bus or industrial network equipments. 
These standards allow the interconnection of equipments of different vendors. The communication 
between HPISS and the control equipment will be made through a token bus network. The workstations 
will be supported by the Unix operating system with the X-Windows graphic environment. The process 
control sub activities running on PCs will be supported either by the OS/2, Windows, or Linux operating 
systems, while the QNX operating system is an option to support the real time requirements. These 
operating systems will be evaluated according to the flexibility and development options they offer. The 
C/C++ languages and graphic user interface development tools will be used for the implementation of 
the system. 

An important requirement for the HPISS is the real time interaction with the shop floor equipment. The 
importance of this requirement will depend on how close the tasks of the specific agent are to the shop 
floor. In general, the importance of real time operation is the inverse of the hierarchy in the system. For 
example, the communication of a TM agent with the field equipment and the process state visualization 
needs to operate in real time. But, the simulation tasks in a SA agent do not need to operate in real time. 

4 INFORMATION SHARING 

The information management in HPISS and the information sharing and exchange among its agents 
will be supported by the PEER federated object-oriented information management system (Afsarmanesh 
et al., 1993; Tuijnman and Afsarmanesh, 1993; Afsarmanesh et aI., 1994). The information sharing archi
tecture must support the dynamic flow of information among the agents in the supervision subactivity in 
a transparent manner. In this section, first the PEER federated information management and integration 
architecture is described that is designed and developed to support the sharing and exchange of infor
mation in a federation (network) of agents. The rest of this section describes the PEER representation 
of the information managed and shared within HPISS, the information shared among the supervision 
subactivity and the process control subactivities, and the information shared among the supervision 
sub activity and other CIM activities. 

4.1 PEER federated integration architecture 

The PEER federated information management system supports the management and the sharing and 
exchange of information in a network of loosely/tightly coupled agents. Each agent in the federation 
network can autonomously decide about the information that it manages locally, how it structures and 
represents this information, and which part of its local information it wishes to export and share with 
other agents. Each agent can import information that is exported by other agents and then transform, 
derive and integrate (a part of) the imported information to fit its interest and local interpretation. PEER 
is a pure federated system, there is no single global schema defined on the information to be shared by all 
agents in the PEER network, and there is no global control. The PEER integration infrastructure helps the 
human users of the cooperati ve environment by supporting the information integration at different levels 
of granularity, e.g. among different tasks, subactivities, or activities. PEER supports both loose coupling 
and tight coupling between agents. For example, two PEER agents in the supervision sub activity of the 
CAC activity can be tightly coupled (share the exact same schema), while an agent in the CAC activity 
is loosely coupled to an agent in another CIM activity. 
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A PEER layer is defined for every agent that needs to share and exchange information with any other 
agent in the CIM environment. In the PEER layer of an agent, the information is then structured and 
defined by several kinds of 'schemas'. The user needs to concentrate on: (1) the information that is 
available locally in the agent (LOC schema), (2) the information that the agent needs to access remotely 
and so the agent imports it (IMP schemas), (3) the information that is available locally and other agents 
need to access, so the agent exports it (EXP schemas), and (4) the integration of the LOC information with 
the IMP information to create a coherent pool of information (INT schema) that is needed to be accessed 
by this agent. At the development stage, the design of these schemas makes the information managed by 
an agent as well as the interfaces to other agents explicit. However, once the PEER layer is developed, 
the integration facility of PEER, its distributed schema management, and distributed query processing 
(Afsarmanesh et al., 1993; Thijnman and Afsarmanesh, 1993; Afsarmanesh et aI., 1994) makes the 
distribution of information and the heterogeneous information representations among different agents 
totally transparent to the user. 

Information integration in PEER is supported by a declarative specification using the PEER Schema 
Definition and Derivation Language SDDL (Afsarmanesh et al., 1993). The SDDL language supports the 
integration, derivation, interrelation, and transformation oftypes, attributes and relationships from their 
sources. PEER has roots in the 3DIS database model and language (Afsarmanesh and McLeod, 1989) 
developed at the University of Southern California, and the AIM module developed at the University 
of Amsterdam within the ARCHON project (Wittig, 1992). A prototype implementation of the PEER 
system is developed in the C language and includes two user interface tools (Afsarmanesh et aI., 1994), 
a Schema Manipulation Tool (SMT) and a Database Browsing Tool (DBT). 

4.2 Information sharing and exchange in HPISS 

This subsection describes the sharing and exchange of information among the agents within the super
vision subactivity, and among the supervision subactivity, the process control subactivities and the other 
CIM activities. 

Figure 4 shows the information sharing and exchange among the agents in the supervision activity. 
Each agent is extended with a PEER layer that supports its cooperation with other agents. An agent is 
represented by a dark grey box and the PEER layer of the agent is represented by a light gray box. Inside 
every PEER layer, the information that is accessed through and represented within its INT schema is 
shown. The sharing and exchange of information between two agents is represented within a white box, 
which connects an agent that exports information (defined by an EXP schema at the exporting agent) to 
another agent that imports that information (defined by an IMP schema at the importing agent). Figure 4 
also shows the loose integration with other CIM activities through a specific import schema defined for 
the production goals. The information exchange with the process control subactivities is handled by a 
TM agent and is not supported by the PEER layer of that agent, the reasons for this design decision are 
described below. 

Supervision subactivity 
Each agent within the supervision subactivity shares and exchanges information through their import and 
export schemas, with the other agents within the supervision subactivity, as shown in Figure 4. Following 
is the description of the information exchanged among the agents in supervision subactivity. 

GM agent A GM agent imports the production goal information from other CIM activities and exports 
the specific production tasks that it generates to a TM agent. A GM agent aggregates and summarizes the 
main production and system parameters and exports it to a SV agent. A GM agent imports simulation 
result information from a SA agent for its decision support task. This task exports guidelines to a SV 
agent to support the contingency resolution in case of emergency states. 
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TM agent A TM agent imports the production task information from a OM agent and transmits 
operating parameters to each of the continuous, discrete and symbolic control subactivity in real time. 
The information exchange among a TM agent and the process control subactivities is not handled through 
the PEER layer of a TM agent as shown in Figure 4, because the communication with the process control 
subactivities is handled through dedicated hardware. A TM agent exports the state of the process control 
(on/off signals, counters and timer values, PID parameters and other control parameters) to a OM agent, 
while handling the specific and distinct hardware and protocol aspects of the process control equipment. 
A TM agent also exports the global information about alarms, state of controllers and state of production 
parameters. 

SA agent A SA agent shares (exports) the simulation results with a OM agent to aid the decision taking 
by that agent. A SA agent also exports simulation results to a SV agent to allow the visualization of those 
results for the human operator. 

SV agent A SV agent shares the main production and system parameters, such as summarized in
formation about alarms, controller states, production parameters from a OM agent, in order to support 
the presentation of a global overview of the process environment. In contingency situations, the human 
operator at a SV agent may take decisions with the information imported from a OM agent and the 
information of different simulations imported from a SA agent. 

Supervision, process control and other elM activities 
The HPISS interacts through a TM agent with the Continuous Process Control (CPC), the Discrete 
Process Control (DPC), and the Symbolic Process Control (SPC), and through a OM agent with other 
CIM activities. Following is the information exchanged among the supervision subactivity, the process 
control subactivities, and other CIM activities. 

Supervision - CPC A TM agent sends set points (or set points sequences) and controller parameters 
to the continuous field instruments, such as sensors, PLC, distributed controllers, and other dedicated 
equipment A TM agent also sends commands to change the state of the different machines of the process, 
such as start/stop, reply, request. The CPC subactivity transmits two kinds of variables and alarms. The 
first kind of variables are continuous digital variables obtained after the AID conversion). The second 
kind of variables are digital variables representing the states of the instruments. The alarms and CPC 
variables are represented in floating point and signed binary format. 

Supervision - DPC A TM agent interacts with the machines in the DPC subactivity that control the 
batch systems on the shopfloor, such as PLC, NC machines, industrial robots, etc., through operations, 
such as start/stop, reply, request. The discrete state variables obtained from the field measurements 
instruments, such as sensors, are digital and are represented in signed binary STEP format. 

Supervision - SPC A TM agent receives symbolic state and alarm information from the SPC subactivity. 
The SPC subactivity transmits alarms and two kinds of variables; namely the continuous variables and 
the states of the instruments. The symbolic variables and alarms are represented in floating point and 
signed binary STEP format. 

Supervision - CIM Other CIM activities share the production goals with a OM agent. The production 
goals are represented in STEP format. 

5 EXAMPLE APPLICATION TO A HYDRO-ELECTRIC GENERATING 
PLANT 

In this section HPISS is applied to hydro-electrical power generation environment. A normal operating 
sequence in this application comprises of the following states (also see Figure 5): 
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state 1 The start sequence consists of opening the butterfly valve from 0% to 100%, and starting a 
protection timer. When the butterfly is activated for 100%, an automatic synchronizer and a protection 
timer are started. The synchronizer automatically connects the generator with the power network. 
At the end of this phase automatic voltage generator (AVR) controls the generated voltage and the 
governor controls the frequency. 

state 2 Once the unit is on-line, the supervisor requests the needed power amount in MW from the 
governor, which decreases or increases its generation, while maintaining the frequency within the 
accepted range. Simultaneously, the automatic voltage regulator maintains the voltage within a range 
of 1%. 

state 3 The continuous and discrete variables are monitored and displayed. 
state 4 An alann occurs when some variable goes out of the accepted range. In the case of an alarm, a 

stop sequence is activated that triggers the main breakers and other protectors to take the generator 
off-line and close the butterfly valve (from 100% to 0%). This stop sequence is also activated in the 
case of a system maintenance. 

start sequence normal operation stop sequence 

(discrete) (continuous) (discrete) 

(j) @ 

Figure 5 Operating sequence 

A typical generating unit of the power hydro-electrical plant is defined by the following parameters 
and values: nominal power output (50MW), nominal generating voltage (l3.2KV), nominal frequency 
operation (60.0Hz), power factor (0.8), and nominal speed (320 RPM). The typical start sequence values 
are defined by the following discrete signal values: start timer (5 minutes), butterfly valve state (in start 
sequence from close (0%) to open (100%)), synchronization start signal (active), synchronization time 
(1.5 minutes), and automatic voltage generator and governor states (active at the end of synchronization). 
The typical operation is defined by the following continuous values: frequency (60 ± 0,5 Hz), active 
power (From 0 to 50 MW.), reactive power (Less than 5 MVAR), and output voltage (13.2 ± 0,13 KV). 
The most common alarms are set by the following discrete Signals: bearings temperature (60°C (normal 
40°C)), stator temperature (60°C (nonnal 40°C)), over speed (greater than 320 + 0.5% rpm), under 
speed (less than 320 - 0.5% rpm), under voltage (less than 13.2 - 1 % KV), over voltage (greater than 13.2 
+ 1% KV), over current (greater than 1800 A), and phase loose (generates a discrete signal that triggers 
the stop sequence). 

As an example of the functions of the HPISS system consider a situation where there is a sudden change 
in the generation level of the power plant. Such a situation can arise either after a load decrease (system 
failure) or a load increase. When a OM agent receives a request from the human operator to change 
the amount of generated power, it allocates the necessary generating units to supply the change in the 
demand. A SA agent will then simulate the effect of such a change on the stability and load capacity of the 
transmission lines. Using the simulation results from a SA agent, a OM agent can initiate a contingency 
analysis, and export this information to a SV agent to present it to the operator. A OM agent also translates 
the generation level change, using the simulation results and the intelligent decision support in this agent 
(OM), into the different units generation levels and exports it to a TM agent. A TM agent converts the 
different generation levels into power generation set points corresponding to each selected generating 
unit. The resulting set points are then passed to the process control subactivities. The sensor and actuator 
readings, i.e. turbine speed readings, voltage level, etc. will be acquired by a TM agent from the CPC 
subactivity. The TM agent controls the active power set point. A SV agent allows the operator to act 
directly upon the generation set points and keeps track of the evolution of the power generation. 
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6 CONCLUSIONS 

This paper describes the design of the HPISS system. HPISS supports the supervision tasks involved in 
the CAC activity, and their interrelations with the process control tasks in the CAC activity, and their 
relation to the other CIM activities. The supervision subactivity is defined by four kinds of agents and 
the subtasks they perform, namely the Supervisor (SV), Goal Manager (GM), Task Manager (TM), and 
Simulation Agent (SA). In order to support the sharing and exchange of information among these agents, 
the PEER federated information management environment is introduced. The integration architecture of 
PEER is then applied to the integration of the supervision subactlvity with the discrete, continuous and 
symbolic process control subactivities. Although, the information management architecture is applied to 
the CAC activity in this paper, it is general enough to be applied to any other CAx shop floor activity. 
As an example, the operation of the HPISS is then illustrated with the supervision of a hydro-electrical 
generation plant. 
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