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Abstract; Recently, along with the technical innovation in robotics, human-collaborative robots, mobile robots
and other similar robots have begun to be introduced in industrial sites. The introduction of these robots is
expected to increase rapidly as the time passes. Since these robots require mutual approach and direct contact
between humans and machines, the conventional safe measures, such as the isolation of humans and machines
from each other with fences or enclosures, are no longer applicable and some new safety technology should be
developed instead.

On the other hand, the conventional operation of processing, adjustment, trouble-shooting, maintenance,
inspection, repairing, cleaning or other type operations that require humans to approach machines without
stopping the machine moving parts (hazardous point nearby operation) are also important operations of the
man-machine collaborative working system. However, since the conventional safe measures are not applicable,
fatal industrial accidents occur frequently even today, and the development of new safety technology calls for
urgent attention.

To meet the above needs, a project research under the theme of the "Research on Fundamental Safety
Technologies for Man-Machine Cooperative Working Systems" started in 2002, promoting the following sub-
themes:

(1) Clarification of the man-machine collaborative conditions and the inherent safety structure.
(2) Development mobile object follow-up techniques applied with environment recognition technology.
(3) Establishment of accident prevention measures for the hazardous point nearby operation.

This midterm report describes experimental results and accident prevention strategies performed from 2002
to 2004 mainly. Chapter 2 and 3 are related to the research subject (1) . Chapter 2 suggests a human pain
tolerance as a safe design index for human-collaborative robots. An inherently safe design method based on its
index is also suggested. Chapter 3 shows experimental results of the human pain tolerance. The worst limitation
of pain tolerance is clarified to be 57.7N. Chapter 4 and 5 are related to research subject (2) . Chapter 4
suggests an object zone detection algorism considering the occlusion problem. Chapter5 shows a gesture
recognition method as a new type of human-robot communication.

From Chapter 6 to Chapter 8 are related to the research subject (3) . Chapter 6 shows a result of fatal
accident analysis caused by industrial machines. The result of this analysis is that 44.2% cases of fatal accidents
are related to hazardous point nearby operations, 35.7% cases are related to operations in large production lines
and 12.4% cases are related to a erroneous machine start of co-operators. Chapter 7 suggests an accident
prevention strategy of the hazardous point nearby operation. A risk management division, an accident prevention
division and a supporting protective device are suggested as a new concept of its strategy. Chapter 8 suggests an
accident prevention strategy for the operation executed by multiple operators in large production lines. The
matrix expression of operator's "CLASS" and human's action "TYPE" is suggested as a new method for the
hazard analysis of human actions.

Keywords; Man-machine system, Collaboration, Inherent safety, Environment recognition, Risk assessment,
Protective measure, Safe design, Safety control
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