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Abstract; Robots are composed of wide-ranged engineering systems covering not only hardware
but also software creating artificial intelligence. An overall safety plan must be carried into
execution for the safety improvement of robotics. The safety plan consists of the following
stages:

(1) Hazard identification,

(2) Conceptualization of hazard-restraint measures,
(3) Qualitative and quantitative systems analyses, and
(4) Specification of system gesign.

A systematic methodology for stage (1) and (2) analyses, which enable us to identify hazards
and to conceptualize hazatd-resteaint measures involving hazard-control systems, have been
developed. In this paper, hazards typically produced by autonomous mobile robots are identified
and the structure of hazard-control systems for the hazards is discussed based on the
methodology.

First, hazards 'a robot collides with a static object’ and ’a robot collides with a mobile
object’ are identified using A-C models [Fig. 1 and 2].

Second, hazard-restraint principle 3 is applied to the both hazards, and hazard-control systems
are conceptualized, given that the robot is initially in an area where there is no possibility of
collision [Control Chains (1) and (6), and Fig. 3 and 4].

Next, the fundamental difference between a safety-confirmation information-processing system
and a danger-detection information-processing system is defined [Control Chains (2) and (3), and
Reversal Chain (4) and (5)].

Then, hazard-control systems, which materialize hazard-rsetraint principle 4 under the
condition that the system phase is in the modes 'a robot is moving’ or 'a robot exists on a
collision course’, are structured based on the dissociation theory of action linkage. These
hazard-control systems involve the following control forms:

(1) Stop by simply braking [Control Chain (7), and Fig. 5],

(2) Stop by braking control against a skid [Control Chain (8), and Fig. 6 and 7],

(3) Stop by multiple control against a turnover [Control Chain (9), and Fig. 8 and 9],
(8 Course control against a single static object [Control Chain (10), and Fig. 10],

(5) Course control against multiple static objects [{Control Chain (10), and Fig. 11], and
(6) Multiple control against multi-mobile objects [Control Chain (11), and Fig. 12],
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Last, the applicability of safety-confirmation information-processing systems and danger-detection

information-processing systems is examined. And the relationships among the identified hazards, the

whole hazard-space, and the domains in which the conceptualized hazard-control systems are

- applicable, are schematically represented[Fig. 13].

Keywords; Intelligent Mobile Robot, Control System, Conceptual Design, Fail Safe, Fault Tolerance,

System Safety.
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Fig. 12

Conceptualization of an H. R. P. 4-applied H. C. S. to materialze

a multi-controls against multiple mobile object
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RECTANGLE SECTION H: WHOLE-HAZARD SPACE

CIRCLE SECTION H1: SUBSPACE OF H WHERE
HAZARD (1) EXISTS.

CIRCLE SECTION H2: WHERE HAZARD (2) EXISTS.

ELLIPSE SECTION D: WHERE D.LP.Ss CAN BE
APPLIED IN PRINCIPLE.

ELLIPSE SECTION S: WHERE S.1.P.S’s CAN BE
APPLIED IN PRINCIPLE.

CIRCLE Ci (i=1,2,...,5): SHOWS DISSOCIATION

FROM, THAT WHICH IS IN SECTION D CAN BE

CARRIED OUT BY D.I.P.S’s IN PRINCIPLE, THAT

WHICH IS IN S BY S.I.P.S’s IN PRINCIPLE.

C1:STOP BY BARKING

C2:STOP BY BRAKING CONTROL AGAINST SKID

C3:STOP BY MULTIPLE CONTROL AGAINST
TURNOVER

C4:COURSE CONTROL AGAINST A SINGLE OBJECT

C5: COURSE CONTROL AGAINST MULTIOBJECTS

Fig. 13
dissociation forms

The relationships among hazards, applicability of H. C. S.’s and

D.LP.S. & SIPS. MoK END HC.S. OFRER
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