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6. Conclusion
by Shigeo UMEZAKI* and Hiroyasu IKEDA*

Abstract; This specific research proposed new fundamental safety technologies for man-machine
cooperative working systems. Results obtained from this research are summarized as follows.
(1) Clarification of the man-machine collaborate conditions and the inherent safe structure

In this subject, a pain tolerance was proposed as the dimension of force and the maximum deformation
for examining the specifications of human-collaborative robots. The force output characteristics were
defined the safe force output characteristics of robot actuators on the basis of the pain tolerance, which
was a minimum of 57N.

According to the above result, a normally closed type clutch using magnetorheological suspension and
rare-earth permanent magnets was proposed in this report (Chapter 2) as a safety device for human-
collaborative robots. Examining the characteristics of this clutch under the various input current
conditions, the experiment results showed sufficient control and safety performance.

(20 Development of mobile object follow-up techniques applied with environment recognition
technology

In image recognition technology, one cause of failure in detection is error estimation of geometric
features. The failure in detection is hardly acceptable to a vision system for safety. So object detection
method without geometric features was developed. This method detects object zones with a volume
intersection method using multiple omni-directional vision sensors. Another feature of this method is to
estimate a larger zone than real area of target. It is considered that this method has safety side feature.

Besides, a normality confirmation of a vision system is required for safety. The confirmation includes
calibration of camera, function of signal processing circuit and so on. So the confirmation method using
a reference pattern created by a light source instead of the floor or a wall filled with a reference pattern
described in IEC/TR 61496-4 was proposed. The normality of the camera system is verified by taking a
picture of the pattern projected onto the monitor by timesharing and checking the image.

A communication method for mobile robots by image recognizing gestures was also discussed.

(3) Establishment of accident prevention strategy for hazardous point nearby operations

In this subject, it is clarified that 44% cases of fatal accidents are caused by accidents related to
"hazardous points nearby operations" and 36% cases related to operations in large product lines.

A new risk reduction strategy which has new concept of the accident prevention division (0:ristriction
of energy, 1l:separation and fixation of human and machine space, 2:machine stop in hazardous
conditions, 3:limitation of speed of machine moving parts(3a) or human body(3b)) and risk reduction
division (l:safe, Il:uncertain or ALARP, Ill:hazardous) was proposed. This result can be used as a
compliment of 1SO12100-1. A new safety system for wood cutting machines which has new movable
guard and human detection equipment using RFID was also proposed.

Results obtained from this research were applied to many safety standards such as 1S010218-1,
1SO13855, IEC 61496-4 and article 28-2 of Japan industrial safety and health law.

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