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Study on Human Cooperative Practical Modeling
Technology for Large-Scale System Control
Shoichi Masui

Abstract

The large-scale social systems, such as transportation system, railway system and
energy system provide a lot of convenience to social life by their computerization. To
operate such large-scale social systems stable and safely, it is necessary to make a good
balance among many purposes and constraints which are involved in their roles naturally.
To realize this purpose, it is strongly recommended to make a best collaboration between
human operators of the systems, which have good skill of the overall judgement for safety
operation, and the computers which have strong computational power for future
prediction and visualization of current situation.

In this paper, I describe some modeling technologies necessary to achieve well balanced
and coordinated collaboration between human operators and computers. Important thing
in the collaboration of humans and computers, the computers, even with a limited sensor
information, have a capability to estimate accurately and present timely to the human
operators, the overall picture of the system current situation and its tendency.

In this study, the following three viewpoints for the man-machine good collaboration
are considered as important issues.

The first one is "We must know what is happening in the system now." I have developed
a physical model to visualize the state of the plant which is difficult to see and estimate
for human operator without any helps by the computer.

The second one is "We must know how to change the system state in near future." I
have developed an autoregressive autonomous distributed control model for the purpose.
It can be used as an emergent control algorithm when the control command from the
centralized control center of the social system is missing. In such case, local operator and
the computer must make a decision which will be considered the best with a limited
information by tight collaboration.

The third and final one is "We can use the skilled person’s wisdom and know-how as



assist information for our operation." I have developed an expert system building tool
which suitable for system control. It is a knowledge-based collaboration technology to
take advantage of human know-how for the plant operation.

These models developed during this study were adapted to sewage treatment system,
multi-stage dam control system, and as blast furnace operation system, respectively and
be used practically and successfully. .

This paper is organized as follows.

The first chapter is the introduction. The purpose of this study and the research style
are discussed.

In the second chapter, I describe the current situation and the tendency of large-scale
system control and modeling techniques which is the main contents of this study. I will be
outlined past history of the system control and modeling techniques which is used for the
system control. In addition, I discussed the importance and necessity of the human and
compute coordination and its modeling technology in the system control field.

The third chapter discusses collaboration in the form that the computer will support
the human’s understanding of current situation of targeted system. For a human operator,
the most important issue for good system control is to accurately grasp the current state
of the plant. However, in many cases, the lack of sensors prevent the satisfactory
observation. Development of visualization model is strongly desired that can guess the
current state of the plant even from the few sensor data. In this study, I had developed a
plant model that is based on the physical phenomena. I had applied the model to a
sewage treatment plant and were able to confirm the usability. The model can be show to
plant operator the status of the aeration tank and final sedimentation basin as some
visual images. This model is actually used.

Chapter IV discusses the importance of timely to-human’s presentation of a future
trend prediction for the individual sub-plant operation. Large scale systems are
recognized as a collaborative aggregation of number of subsystems. In case of the missing
of control commands which normally is received from the host in the total control center
of over-all system, local sub-plant operator is forced to operate the sub-system alone by
which the over-all system may not fall into unstable. In such situation, a tendency
prediction by local computer must be great help for the operator, which give him the
guideline and guarantee for his operation. I have developed an autoregressive
autonomous distributed control model for the purpose. The developed model is used for
tendency prediction and control guidance support by autonomous decentralized system
concept. This model had been applied to the emergency control of serial dam control

system located on a river system. The model decides each of the discharge amount based
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on the limited information such as water level of each dam. For the purpose, the model
includes an environment identification model by statistic calculation method, and can be
used as an emergent operator’s support. The result of application of this model to the
serial dam control was successful and the operator of the dam can possible to have the
operation allowance in case of the emergency. It incorporated in a multi-stage dam
control system of an actual water system.

Chapter V is considered to introduce the knowledge and know-how of skilled operators
to control computer. To stabilize the daily operations of large scale system, skilled
operators are indispensable. However, because the acquisition of skilled operation is
time-consuming task, the number of skilled operators has been becoming to decrease. In
addition, they have been busy even for training of young people.l had developed a blast
furnace operation expert system. For building a cooperative relationship with the skilled
operator, developed expert system building tool is designed for easy treatment even for
non ICT familiar operators. Operator can input and modify his knowledge and know-how
by himself in daily operation. This model has be utilized in the daily operation of two
blast furnaces control and be growing day by day.

In the sixth final chapter, I will summarize the results of this research. In addition, I
have discussed how to create control models and/or control rules from huge amount of
control experience data accumulation automatically with statistical analysis and rough
sets analysis. Practical models described in this paper had been developed in 1980s.
However, there still remain numerical large scale plants and social infrastructures which
need the application of these models. I will try to develop new and practical technology

for collaborative innovation.
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