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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 T],

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

(5) Course control against muiltiple 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.

1. #

HEEBEI m Ry M, FRFER EDBREEFE
TACRBL T -h, BEFOBBEV AT 2 EL
THRAEh 5t ERERRPHEEH~OBEBH L TE A
TR TWEY, ¥, 9k, B«DEELEBECH =
Fy P DERNREZ RT3,

—F, TH5Llktn Ry P NOHEEOEEDO—FT
rRy FERBELOTFHBCERRESBEL WS L
D EEBNRISNEETCH S, BEUOBEALDARIE
&, fEkov ATl Ry b EOREWSHHELIZ
By FOLOTEMMIZHD, HEEOVAT AHE—
DOEEEMCREINRTHEAIhS O LT, »
Ay PREBEOTFHEEBL FLh T2 THI LD
BoBD, THLEEEEEETIRr Ay P DFEIE
£EEE, (DOBEERORE, Q)BERRMEIFER
DR, (DEUEMREWENT, (DEENLEUEN
7t EDFIRCHE, %@%&%#%ﬁm&ﬁ&ﬁk%
SWTITbh B BHERD B,

AWFETIL, =Ry } VAT AOEFRLLIEIIZE
T 5w, BEEBRREESAY, v Ry F OB
FT7ch 5 BERAEDTIERHE 71V, REW T
Db ORELEFALY, Ev 257 ADFMEEHF", 7o
EDRERIT - T &, TRBMTIZ, BEEBROM
HBE L EBAGBRMFIRERE H R P) & LTHRLT
BEEDI, BEAREER (H C.S) OBRREEL
TERgROMEEER L LT—R(LL, H C. S. Oft&s
HEERRELEY,

H C. S.0BBELERLKLS, Vv PESAER
EBBLIE BV L ERLER (I P. S) €W
T, BOEEN A v x ey 7RFEFEELEECLZDHE
EfERoEREEY, LP.S.OHRI¥ LR THS> Z &0
TEHVHYDLELHEIEMIL P.S. (S.LP.S) &H
HERDBRTIRTS> ZEDTERLWRBREHFL P.
S. (D.1P.S) LTRELEWUDELILHKRKEIAHER
H5B, S.LP.SE, Wb BEEBROEEDT =11

il

A 7D E LIkt b, D.LP.S. Tl
LHEBERIAIEC X HBEMBERELRLLD, HIET
i, —RCEBEREMT, BETH LU TIURRDORE
WELrERTHNEREND I ERE LENISE
EELTWS, LaL, EB5DLP. SR AT HR
e, ﬁ%&?%@@ﬁ@&?@é%%ﬁﬁk&ﬁ
THrzLEisY,

AT, HEBSH Ay PEBVWTHEILAE
EEBRO > bEEL LD 2EEEYM Y BT, ACEF
JH. C. S &R Er AW Tth b oBgErBic s
+5H C.S.OER%Y#H L5,

2. A-CETFILEIEHEORBMES

2.1 EESDEHE

2.1.1 ROEBRER

R AEBE =Ky b
ST | ROMERER
ES ! RODOEIHE

SE  ROAFREV/HFH
SI ROAREVVFR
CP :R®DI P. S WEZ

CA :R®DILP. S HIEB
DR : RDEXENER

BR : R DHIEE

SR ! RD#EED

BL : RODFEHEER
TR  ROBERER
RS : RO HIRAEE

RB ! RO AE

RM : RDEEHRAR

O : #iLNgy

M : BEINRY

G BN

D . BERAB: & DA ELESR



HEEBB = 5 L EIEORARARE

T : &=EHREER
2.1.2 (REHEFORBMETIL

Xu——W  EB ui ’MEABR X b HIFHERW
~EZ Ih5 (u=a, uz=b, w=c, w=d, us=e,

us=f

Xui—pW(:) | EERRAFRHuc I hWIKEH
(- )BET S,

Yu,— X | BEHER Ui DNBREERY 0 D X5
Eh s (ui=a,
u's=1),

Yeg—2X) & Yg—,Ye W) - B HE/E A
g&g” WYL XBIOCWAEZ IS,

Yiu"e—=pYe ! MHEIEA v IFIER Y 55 Yo

EZIn5 (ui=a", u2=b", us=c", uy=d",

u"5=e" , uuG:fu’)o

Xuri oW : YRR (i) PREEEP, (&

1,2 3 4) THEEIhS,

Yun—Y, | KEGCERE uw BN EEER Y, 25 Yo~
EFEhB (w=a, w=b, w=c, w=d, w=e, U=
£). .

m, n, q | TOHEOEEFRRIFAE (=0 »5DHE
$IF. (m, n, q=1, 2, 3--+),

Ya'—>X, Yib"—>Ye, etc ! fRHEF Fo i3 MIEI/ER
SRR HMEIERE S, F AL THA,

Ya'=— X, Yib"=> Y2, etc. ! fRHE ¥ 7o 12 H
RSN E S AHEIEEHSE (D.F. A L) TH5A,
2.1.3 B

ACeEF NV ({ER—-ZE(LLFREE=EF L

D. F. A. L.: EHAHHEERSE

D. L P. S.: falgb I E AL TE R

D. P.. fBRE
E. D. F. A. L. : SMKEH FHI#E R
H. C. S. . B7eEfibifER
H
I.
S

u>=b, uz=c, us=d, u's=e,

. R P Bkl RE

P. S BHRNER
. F. A L. B ASI#E R
S.L P.S.: “eMRAVBEBRULER
© 2.2 H.C.S. OERER

XEk8) THROLALCHMRED L, KR THWSFE
TeEE AR,
- [FEEEE 1 ] BERROMEEEE, (DIEREOHE
B, O&bomil, GIERBEHEEREER DL,

(DERHEBEBBRRA L 2O 5EHEOEHE, O£
EEBEAHIEE H R P) o8 - % (LXh 5,
(EH1] a (=%xAFRIE), b BHEESE) ¢ (&
RyiE®), d (BBIEE), ¢ (FEWER) HorEA
g, REMCHEMEE O.P) Py (EBEOHIA i
Py (FEFIREBR OHIED, Ps (AR & /E AR O HIAD,
DVTRMC L > THREESh, £ (BETED Bo
{FRgED. P. Py (RBIFEEOREBHME i -T

DARBHEI NS,

[ 2]1D.P. Py, P2, P31, RERK (=% 1 F
=), b (FEER, ¢ ((FRER), d (AR
b)), ¢ (FEFRB, 222/ BI0f el #
DIEEHERC X - TEBHEh, D.P. Pudg'&g” (e
RE) OHOEBHIFRAC L o TCOAZE IS,

(EH 3] MEEA v (€1, 2---,5), g&g”, %7
EHIEIER U GEL 2-44,5), IRk > THR I hA(F
SRR T A REFRAINED, f ¥l w5
VERISERRET S L —2F X EEOREEA w (k
€1, 2:--, 5), BETS,

(EHE 5] 2, b, ¢, d, e¥D Kl EE I
JFEP), P, PsDOARRK L T, i fBOKEGER
BREMZ P ORI L - THEEIRS,

(#ghE®E 2] H. C. S. eoMkEH mElmERss (E.
D.F.A L) MEETBEE, FhéFhiked
5D. F. A L %%, D. F. A L. 5575 5 Hi&] g4
BH C S.ofedin &b 1 KEELETRIERS
mu,

[EET7]S. F. A L XFEACHEEDOME % f 28
BEERSENOERINELN, D.F. A Lz f ¥4
T R IR RIS B IR T B e,

(#ighEHE 3] H. C. S. it~ C, EEMK S. I P.
S EBRTEDDDOBLESLMT, LP. S ERT5
ERBTORE (3B OBZwik LA
B2 TS . F AL L LTHERTELZLTHS,

3. BERRORRE

HEBE » Ay FCRSHELRBEERIAAE IR T
W3 KT, BEIrA . P RERNBEY TS
BEET
(D #BIENEW0 LEFRTsBERR

Oe——Ra—30 (+)

2 BETLHHRYMIEZRT HEBERR
" Req—Ma—>R ()



YREL, ThZhBEERQ, @QLEHETH, =
hoDOEERBIZA-CE=SA1C X b Fig. 1, Fig. 20 X
SIEEE NS,

Fig. 1 Identification of Hazard (1)

BERRO)DOEE

Fig. 2

Identification of Hazard (2)
BEERQORETE

Fig. 1 tiz, I P. SSHHIH DR & =X » + OB EIH
ZHIET B (CAa——) TEIRX Y, BESABNE
ES LEREIDIcd D =Xk NFEHFT ANDRE & ix
» (DRe——), By NI ES 2 DERE) = % 1 ¥ HMEHE
Eh(ESa—) BB S 7 F y P HEfEI S (DRa
). TOLE, HEPOLrBEHRERLCFETS
Oe——) e, Ry PRNGEYLERL Ra
—), 78Ry F O ST 23+ 5 HBETH B (STe—)
DTEH () BETS,
Fig. 2 T3, I P. S O IMHAREIFHEZ = Ay b D
BEIRC TS (CAa—s—) $HZL LD, BKE
BWBENE ES HORE DD D= R AFEET A
ZRBLe D (DRe——), BYHITED HERE)= R £
B Eh (ESa—5—), REINR r Ry P 2{EHI RS
(DRa——)., TD#d, vfy FIBEHHEYMOB
BREBCHEETDEReg) LTy, BEIREYWE
LT, &8/ () BETSE, TRk, RO
RBELT, »ERy  BERERY LR 5 TR
DIEHRCHFEL T B LR FEELTW5,

EEREWRITH RS E RIS—RR—88

4. H.C.S.D¥ER

4.1 H. R P.(3)DEH

4.1.1 EBERR ()

FOME I DrRy rOEBEREE-F, (MERE—
F, ¢pEdhs. BREMESOERET H5HRD
HREELTWHBDT, Fig. l @B\ CHEHEHH
(DRa——), (ESa——), (DRe—5—) i (Ra—4—) D
DBEEMLIL - T 5, (DRe——) XFEHEK®KD. P.
Py CEEETRETH S [(EE 1] BHHEEN v £
By 7 RAKROTIEHES L ELLLHH. C. 8. L LT
ERIh5 .

Ou”—SEu”;

—6 CPu”k —5

P
CAwI— DRe—>ES e )
- 3

fEEEERER (CAU —p) WQEVE DR T A D &
DS. F. AL &TE, hOoMEFRELRARTH S,
ZOH C S.iEHEMZS. L P S.»EEmELT5%
DESEFmETS [(EH-T .

HEESE (D S. L P. S ¥ RT3 &,

Ou”—pSEf" —>CP{" —

p
CAf’—4—>DRe7Li»ES ------ @
- 3

D.L P.S. #fH3T5&,

Ou”—SEb"—5CPb"—
, Py
CAa'——DReA>ES oo 3)
—4 3

Ligh, F/EREE (e—5>) D.P.PiCEEELT
WBRREARTHB, 22T, AIXIE, CPRLhEh
Bl (T=—n) La (73— 1) BREETS
&, MDEB®rREhEh

Ou”; —_‘T’SEf”’_—G’CP(xI)B's_')



MEEBE Ay M HIEOREARERGT

Fig. 3
P. S. for Hazard (1)
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