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Development of the Supervisory Agent for
| nter net-Based Control Systemswith Human-in-the-L oop

Jn-Shyan Lee and Pau-Lo Hsu
Department of Electrica and Control Engineering
Nationd Chiao-Tung Universty, Hanchu, Tawan

1.Introduction

For Internet-based remote control systems, as shown in Fig. 1 (&), certain human operations may
violate desired safety requirements and result in catastrophic falure [1]. For such human-in-the-loop
systems, this paper proposes a systematic approach to developing supervisory agents which guarantee
that remote manua operations meet safety specifications. By applying the mutua exclusion concept [2],
the Petri net approach is used to model, design, and verify a supervisory system which prevents human
errors. Then, Java technology is adopted to implement the supervisor as an intdligent agent for on-line
supervison of the remote control sysem. To demondrate the fesshility and practicability of the
developed supervisory approach, we apply it to a rapid therma processor (RTP) controlled over the

Internet.
I Internet I Internet
. l : Control Action
Control Action | Human I
i Operator |
Human | Controlled Enable/Disable I Controlled
Operator | System Events | System
i Supervisory |
. Agent .
Status Display | ~ | Status Feedback

(a) (b)
Fig. 1. (@) Typicd remote control sysem with the human in the loop, (b) the proposed remote
supervisory control scheme.



2.Method
Fig. 1 (b) shows the proposed supervisory control scheme for a remotely located system with the

human in the loop. Fird, the supervisory agent acquires the system status and makes the decison to
enable/disable associated events to meet the required specifications, typicaly safety requirements. The
human operator is then only dlowed to perform the enabled events to control the system. Therole of a
supervisory agent is to interact with the human operator and the controlled system so that the closed
humantin-the-loop system meets the required specifications and to guarantee that undesirable executions
do not occur. The supervisor design procedure congsts of the following steps:

Sep 1) Congtruct the Petri-net modd of the plant using the task-oriented approach.

Sep 2) Congtruct the Petri-net modd of the specifications using the mutua exclusion concept.

Sep 3) Compose the plant and specification models to yield the supervisor mode.

Sep4) Verify and refine the supervisor modd to obtain alive, bounded and reversible modd.

3.Case Study

An gpplication of a rapid therma processor (RTP) controlled over the Internet in semiconductor
manufacturing flexible is provided in this study to illustirate the design procedures of the proposed
approach.

4.Conclusion

This paper presents a framework for designing and implementing a Perti- net-based supervisor for
Internet-based control systems with the human in the loop. The supervisor is sysematicaly designed by
applying the mutua excluson concept and is then implemented using Java technology. According to the
feedback status of the remotely located system, the developed supervisor provides alowable commands
for human operators while disabling operations which violate safety specifications.
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