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11. Conclusions
by Shigeo UMEZAKI*

Abstract: This specifc research report proposed the new safety technology for large scale industrial sys-
tems such as chemical plants, construcion sites, construction robots or factory automations. Results
obtained from this research are summarized as follows:
(1) Development of hazard evaluation technology for chemical plants

A new retrieval method of human-error accidents database which arised in the chemical plants was
developed. It was less influenced by the human judgement criteria and ability because the keyword con-
cerning human-error was selected automatically and conjugational words using morphological analysis
were normalized by the new retrieval system.
(2) Development of hazard evaluation technology for large scale construction systems

The simulator to evaluate the environmental condition around the large scale construction system has
been developed. This simulator was used to evaluate the wind environment around the buildings to study
the effect of wind on the scaffolds quantitatively. Furthermore, based on the recently developed knowl-
edge of the fracture mechanics, the technique to quantitatively evaluate the failure probability of the
structure members in the large scale construction system was also established.
(3) Development of safety control technology for construction robots

A mobile robot for construction work was developed on the concept of the safety designing based on
risk assessment. This robot, taking a form of a trackless mobile robot mounted with a twin-arm manipula-
tor, carries the object while being sign-recognaized by a vision system and after stopping at a target posi-
tion, sets the object in collaboration with an operator. In addition, a new EMI evaluation system for robot
work places was developed and its efficiency was verified. The EMI evaluation method could be accurate-
ly simulated in an actual electromagnetic field.
(4) Development of safety control technology for large scale industrial systems

The new safety control technology using the programmable electronic equipment with the triple redun-
dancy, diversity and the self-checking mechanism was proposed. The new concept of the "distributed
safety bus control" was also proposed in this study. Many safety measures such as the laser sensor for
confirming safety in large scale working areas, discrimination systems between human bodies and
objects, runaway monitoring systems for the robot etc. were developed. Optimum designs for man-
machine systems such as the constitution methods of safe control system considering the coexistence of
availability and safey, the safety design supporting system with the function of evaluating the work load,
and the easiness of the maintenance were also developed.

Keywords; Hazard evaluation, Safety control, Human error, Chemical plant, Constructiuon robot,
Factory automation
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