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WFZER R OMEEL  (3230) @ Against the background where the social environment surrounding
system safety has changed rapidly, it has been widely recognized that because there is
a trade—off relation between safety and control performance, well-balanced system design
is important. This research clarifies quantitatively such an intuitively-understood
trade—off relation, and establishes a new technology for well-balanced system design
between safety and control performance by control laws according to international safety
standards. The new technology is one of important contributions to the world of
international standards from Japan.

AT TE B
(BFHAL - M)
RIS e e & Bt
200 7THEE 2,300, 000 690, 000 2,990, 000
200 84 700, 000 210, 000 910, 000
200 94 600, 000 180, 000 780, 000
wWoOEF 3, 600, 000 1, 080, 000 4,680, 000
AT I I

Frifkg o453 F - A H
Y7 kT

1. WFZEBRMEL PO 5

(1) HEH > AT AOREMEICHT DM
RESROEE Y

7= & Z20E, THIEMERIZE D 208, b bHR
ML EENE, T—F R lornbaf
HNEL, &AL ERRITRE & 2
OB L THRNOERLIEFENT

DERE L - B
F—U— e, EEBE, Sl 2T L, Ik,

~L— A7, HIER, bR,

W5, £, BEEFROLLWDD L ZAIHF
ETHHE AT L2OFIZHLZD L H I
e TnsabobZuv., LiL, 2089
REMNH DI b BT, HIEMEEE (B
EBRERA SN/ A REER &) #5815
P THLIONBIRTHD. EENR M
SN 72 E T\ o 7272, et L



MERROBIZHEET D P L — KA 71T AT
HOLDZLTELLEWVW)IONREFTHA
. Tihbb, I'ZeMbEERNWETHD ]
EWVIMEAS TIHALSBIESND L H I -
TETEWVWDITYZVEIOZ EbRFICH
DETDO L S IZFEbN TN RWDTH 5.

2) HBEZEREOEEMEOHE KL AARD
KRS DI

E L L CoRZEEE EENICITMET 5
EToxbdTHEELRX— L5 IEC61508 13,
TEC (International Electrotechnical
Commission) 7% 1998-2000 4E|Z 488 = & IZJIH
WHAT LT 2RI BT 2 [E R C, X
/EBA/ T T T T IVETHEHMNE AWK
R, Wbhwd [ZetEE ] OMREE i
RENFHMET 2 2 & 2RI 5. o HE
FRIL 7 v ApEZE, FEMERLESE, 23iEEil,
ERigERr Y, b TREICKRDY, Bk
M T CIERAER TOIL T D . ilr, (i
O E/ kO RANCE-S &) BARN D
W27 7 0 ho#aeitE I LT IEC
61508 ~DOXRENER I D 7 — A0 2
TW5. VAT AOLEVEFHR ORI % 1%
U6 TIRFRIIIC R L7- IEC 61508 23, &5 D
Bictt R mo Ky &2 A ELTHWS
NAHDIFERTHY, ZOL I Rr— AN
(TEC MMERENCIR & 9) R h A% L 2
TWL ZEiEfEETHD. LiznoT, IEC
61508 [ZRR & [E BEHAE ~ DRI D AR -
MVREBERS TR TIZORRN 5 Z & a2R/
& L2 7 5700,

ZD X, A% OEEMEIIREENICHY
KT 25 EDHEERERBME TCHLA, 77T
122 < O - #E TREGERZ OV AR — R 3
ITOIN TV DECKEEENC i L C, RFER L
DOFIEE « A7 A& EmH, T XTIZb
D, BAAIL IEC 61508 R EDE e CEHE
REBREBE~OFIERNENL TS EEDLE
DR X S EREHKZEO L OISkt
T HEBRDBFERNCA L L TND.

2. WO HB

VAT AOREEICHT DR E#RO
B _EICPE, BES Tl T2t B iNE
Thd. ZeMEeHEEROMIZIZT L —F
FINHY, TONRT U ANEE] LKL R
ENBD X TE . SBITT DR
DOFLE « NEXRMbND R, BEAEFOH S
W$BHEZAIHFET DRI AT A, 51T
VLI T2 - BTz o L o RERICES
ERMITEE DRI TWhiawn., e
1, HIERZ I S R T A DR EHT D
HEWHIEZFAR, BT etkE L
DONHTFT OHEIZ LV EEIRT 25 L v 9 BIE
DEEFHENSL LTH, EFICHHTHD.

BRTEREH SN TW5D, kD2 EHED
FIE T L VRN R 72 B B B o 5
B~ REtEZ D L) BIRTHIE
WICREREEND D.

AWFFETIE, £, ZONECKRERE EikS
NTWi= hL— K47 0EEH 2P
1T9. 2L, i, HROICEOEZMERN
AL TV 2 ERBSZ M TEC 61508 |2 HEHL
L7-ET, $7bbA—% T4 XENEET,
ZOMONT o AEHERIE N v Yy s
DL TEDEWVD F o7z < H LWETIT
BRI TS, &5, EHEERS E#RLT,
FORH TR a s a—% TR
TFOTDONHNRY 7 o7 23T
HTEHLHEHME LT

A, ST - B E S TUIET LW
FIMEERTZ LR 5DIFEIETH AR
W, BEMEOSENL LTYH, ERIZRVE
<HLWEZEMMERTFIENERIND Z &
DA X7 NIEHY vy, 6L, 7#Ee
T & il T & oM o5 SR SEEI AL E 3
HAARFEOMFIHZDH L WEITTH Y,
Bk iz > THAD MR 2 H i —
FTHZ N TEHH0HOMEKITHL DN
%, EHEBE S OBLENLIEFICERENE L,
TEBBRENS BILLER STV, -,
FE BB BAERE 2> & b I 1 @ ViRl & 52
FTEY, FRRITE RS~ B HHEF I
ANIWTARMTEZLT - 7.

3. WD Ik
(1) AR O e =R 1Y 22 MR O Mkl 2 D
i (LerED )

HIFRNS X > TIXHIET A 2 (B0
T Fax—4) BN ONEET 5 L HIE
VAT NERINRLETE DGR IR IR
D. O E X TIXHIEI AT L OIMAI TR
L TWA AR L CEBIER 235
ETL50T, TOMEEEZ D Z L CHIER
S EDFEET NA A PR DR A WY T =
BINEWVIFHINATE .

BIKEIZIE, T RTOF AL 2D ER /K
BRI K DI AT AR ED L9 7k
BlIChbAINEarTx2 e LTRBTS.
ZUTINZ T, #FEHRLMITR (Mean Time To
Restoration) &Wo7mKTFT A ZADFT—H
NEZ BiviuX, [ERRERE TEC 61165 |ZHEHL
LCw/Va 7T a1TH> Z &Ik, FEE
KEEZRD D Z LN TE S, (EREER
\Z & B EEMIE TEC 61508 DZ2MEZEAMIZ & i
BN 0, EEHEEA~OER L W 5 5L
TEbhbOTHHTHD.

(2) wEtREZ AT DHIERIERE O F 7
DEf (HIEO53EF)
HIRIT SR, BT S IR (H S



PEVERESCNMT / A A7 K% Hoo J L T B
WX VRBELEZBDO)IIMAT, ERkEhd
RN 2 izt &, ThEFER L
- CHIEIMERE AR & et Ak T B H I A 2k
ODLRETT NIV XL EHESLTD.

(3) &tk L HEMEREDM D ML — K47
DIFED TE IR

(1), 2) & HWT, Zatt L hlErERED M
D K — A7 OFEE EEINRT. T
B0 — R R Z L IIREECTH 2720,
H—r e LTIE, Bl TR

(4) etk L HIEMREDRIDNT 2 % &
2 lAE QI 5 & F O M A DOHESE

TEBY R O B EZ 7 U 74 % il
R i CHIEIMEREFS IR 2 k45 2 &1
£V, Mt HIEEEOM D N L— A7
DINT o Az & D AR OS2 2
FI 5. TOMER, “EMEOZE TOREE
D (R AUE) R AT RE 72 il e
<D (@m<RD) L), TbOTHE
BIIZPR LT W AT ARG A HE &
5.

(65) WFEEkRE BBUYLT A Y 7 vy =T D
BRI %

(4) TH O D LM L HIEERE OB O K
L— RAT7 DT 2% L AEIEAIRRE %
A a—F ETHENITIRDDO YT
Ny =T ERRETS.

(6) HFFEALH O [E B HHE ~ D [k

S5 )N 1EC 61508 DLELRB L, 1EC TCH6
DEFHEREITEBNT, (1)-6) DK%
TE—L LT, EHESKA~DBARDSDOERK
BT

4. WRZERHE

(1) ZaetEEHEEED N — KA 7 DE
=GO

BAEG A FAVTC, 24tk & IEMERE DRI
BHETHRL— R 70BBREIZLD TE
EMICHfEICR L. 1R, BEdh e
BESRAERE O BAEE T, AT &L etk
DA, HtHh L (RETE DA D EFRFD)
HIBIMEREFEIEME ©, T T < CHIEPEREN
TV, BB O HIEERE 126 D HAEEIZ BY
LT3y (BmWiInbEE R F) mREh
TWDER, WIFNoBEAICYH, AR END
Tbb, #EMENETNT (EFhE) #E
BATREZR MR TR 72D (" 72 D) 2
ENTGMB.
ZDXH7 P L— A 73R IR
LI CWiedolz. hL—FKF 7
DNT AL bFEEToE e LTET

T, IR VAT LTS - BEGOBE )
b, TEMIORINZZEDOEFEITIREN
EEZLND.

0.4 T T
= Owerall optimization
5 =6 =02 .
“"‘:‘ Y‘l)‘-. ar BI:V }
— = =03
a Y]J('. tar el:u 0d
0.3 1

—_— = ={
DC, tar E"l:xx -

Normal=case performance

005} L,

107 107
DFtar [/hr]

1 etk L HEYERED b L— KA

(2) eVt HIEMERED hL— KA 7N
TR E & DTN

FEIRs 22 2 HkS TEC 61508 |4 —H T4 X &
NI T, Zatk L HIEMEEDOM D /NNT R
IR E WS BTy 7 DO LLTE D
LW & fife T L 7.

R DL EFEDOBIY T, £7- 1EC 61508
7o CIEBEHAS B, HIE R O sMZ 22 4 B
REVERPTRY T2 L2k, v A&
TAERE L COREMEMIET D E VD
EZT  FENR RO TH-o7=. sl
T, BFEAMEHENE VN v Yy 7 DL
DRI D FRENEZ IR, TR S DE4
KIEAEAMTETDHHDOE LT, HEOSENE
RCTEDZEERLEERIIREW. 207
O, ZOHKRED, BARNFRITETZ 58
W ~OMFFIXE RS BERE O T IR
WZRE W,

F72, HIEHAIE W Yy s, Fhbb
A, SRERHE W CEENERLTWD) Y T
k=T ORI MR - FE LV D E
oo, —ookaEErRTH0 L LT,
EBEHEEBEREOB TRWVICER ST
5.

(3) HHAMIC LD v AT LELREFD TEC 61508
& OEEAVEICBI T 5 AT SE

BT LD v AT NERET, A FEKYE
Z &35 1EC 61508 DRERAIEEAN & DR
DEEVEN, BT L L otz 22T,
IEC 61508 DFERMFHL D[ THh DL
KHE, fElREEGaR © OB M EORKE - Bk
b72 &%, FEMIC LD AT LERE e
AN TAT o 7. BrEdiiic B 5 2T
WCHWTWB < Lva 7 BT O FEHER D5
RWIRrZE & & bz, FrEaioZAMEOMELIZ



WIARAI RIS TH D, F Db, Kb
Z2D LR R TR NE DD, BRI
L LTHIESITONLD.

(4) Friifr o ZRbA~FT 707

HH oo IEC 61508 ~0 3 FH =] « F2iE %
B DL, TREIFEBER A IR RS A,
FAEES I RE AT N, A hEYa
AT A, RS X T L, BAK
72y A7 K EBE L CEAL~mT 75
TR 21T > 7.

728, LiE)-) OMFERARIZE LT,
2007 -9 A Wt - “HILHSEAT Tl S
7= 1EC TC56: Dependability D A{k£33
IEC 61508 DUGTIF(ZB R EITB N T,

FIA—NVER L EITBWTY, [EEEEKE
RE~DIBERIBELEZIT> TS, ZOFEE,
EE LCoret), Tayy7icksri
EVEEE ] BT D 7 R =YL DORiBERE &
LT, RO Yy 7 £ o4 iskE
ZHD &< A ORROT- D, iini D
Tn5.

(5) IRt - B

FE B HLRS 3H 2 DB E > TEZEOF]
WITHERE LR WD T, KD X 570N
RITFFICHEOKRE/LEBE TIIhEL —
MAEBE L CHIMMICITbN D RETHD L
ERD. TOEW IR AR B A4
S Te RS L~V O FEE R D019 72 bF 58
NHobbiEYTHD.

F72, RO X 5 REEEFMZ L E L
7o TER W, Loy LIERITHEBER 72581,
FRICHIE T2 - Sl o508 <, SERGFEE
THY, FHLATHH I D H1E T - 5l
DFEEDA X7 MEEbdTRkENE
Z2605.

S HIT, AWFFEITAER & EFRBAE I EERIC
NMEELEAETHN—TEHLWVIFH
HebDOThHY, KEOFMN LI OR%
KD E VW) T CTHEERERNDD.

FEFEHAS IS < RRREIT M E, BREEICHE<
IR I L LTRENLES F &
W LEEL D & LTWA. BANYEHER
eV, LTI FEEEAESIZIE, ZZHE
DIEE) « N E DD TRETHY, ZhN
AAROEESS S, OWTITfFkaELAT5
LESTHBETIIRV. AFEOEEMS
AT ORETH D.

5. E7pFEFKmE
(WFFeFAE . WHIEo A e O IE4 1
(=S

GdEsEam=a) GGl 9fh)

)

Noboru Sebe and Koichi Suyama, = L2
gain analysis of linear systems with a
single switching, International
Journal of Robust and Nonlinear
Control (published online in Wiley
InterScience), #miH, 2010, 11 pages
T, /=77 VEEOEREL
IZOWT, BAREEMETRES, A,
Vol. 32, No.4, 2010, pp.252-260

PRl s, WA, ZetkaEE L ik
Wz [EL 4% 0D 1 S5 225 D ELAL A il 9 % i 1)
Raxat, ¥ AT LHIEME R TSR OGE,
#HiA, Vol.23, No.4, 2010, pp.65-73
Wiglz, BWILET, FESE, EEEO
AR BT 5 EHEEBUE OFEAPEIZS
W, ARG AES, AHiA, Vol. 32,
No. 1, 2010, pp.69-79

Koichi Suyama and Nobuko Kosugi ,
Probabilistic safety assessment and
management of control laws based on
strict Markov analysis, Proceedings of
the 35th Annual Conference of the IEEE
Industrial Electronics Society, Zie
A, 2009, pp.1706-1711

Koichi Suyama , Trade-Off between
Safety and Normal-Case Control
Performance Based on Probabilistic
Safety Management of Control Laws,
Proceedings of the European Control
Conference 2009, 7 &t A, 2009,
pp. 2524-2529

IINED ST, BILETH, YRIRESEAND S —
FOWEEIH LEEREROZ A v
77 %= MU — i, EEREE
FamCEE, &RtA, Vol. J92-A, No.9,
2009, pp.613-623

INED SF, BRIIE T, #BIEANDS — ko
JEoR & 2 DEEER LV — LV E W~ v
a7 gk, BTHEHREBETSWIGE &
A, Vol. J92-A, No. 5, 2009, pp. 361-372
PR LB, WEERS-, 1ERREHIEERE & &2
P, SERERIEPERE & DR DT R
Z B[R LT R aGEr, AT LIS
s GE, Aaif, Vol.22, No.l,
2009, pp. 29-36

Koichi Suyama, Safety function in a
control law and its assessment and
management, Proceedings of the 2008
American Control Conference, &EHtH,
2008, pp. 4068-4074

Koichi Suyama, A General Framework of
Safety Assessment for a Control Logic
and Its Application to Balancing
between Safety and Control Performance,
Proceedings of the 9th International
Conference on Probabilistic Safety



Assessment and Management, & FiA, 2008
8 pages

Koichi Suyama and Nobuko Kosugi ,
Unavailability of a Redundant System
with One Repair Team, Proceedings of
the 9th International Conference on
Probabilistic Safety Assessment and
Management, A, 2008, 8 pages
Hitoshi Muta , Koichi Suyama and
Yoshinobu Sato, Functional Safety of
Safety Related Systems with Safe
Shutdown , Proceedings of the 9th
International Conference on
Probabilistic Safety Assessment and
Management, #HiH, 2008, 6 pages
PRl s, W, etk & SIEPERE o
N— RA 7 Z2BE LIl RaEt, o~
AT LG RS R, AP,
Vol. 21, No. 3, 2008, pp.89-99

M2 R, TR, BRILET, R
15, Fil 7 U A DENTEED < ESEAND
=D& AT & W, ARG
FEME T RE, BHEA, Vol. 30, No. 2, 2008,
pp. 181-193
Tateki Nishi , Koichi Suyama and
Yoshinobu Sato, Safety Analysis of
Forced-draft—-balanced Flue Stoves
Being Oiled , Proceedings of Asia
Pacific Symposium on Safety, &EZHA,
2007, pp. 203-206

Toru Oki, Koichi Suyama and Yoshinobu
Sato, Formulation of Hazardous Event
Rate for Imperfectly—Repaired
Safety—-Related Systems, Proceedings of
Asia Pacific Symposium on Safety, #&
A, 2007, pp.252-255

Takeshi Kushibiki, Koichi Suyama and
Yoshinobu Sato, Consistency between
Principal Requirements in Machinery
Safety Standards, Proceedings of Asia
Pacific Symposium on Safety, &EZHA,
2007, pp. 449-452

Hideyuki Tanabe and Koichi Suyama,
Multi—input multi-output robust model
predictive control with pairs of
process models, Proceedings of the 2007
IEEE  International Symposium on
Tndustrial Electronics, fief, 2007,
pp. 209-214

(s3] (G2 61f)

)

)

HEZ, RS ERELY ook
— LV bV AT LD AT RN, BAE
Wom (g P2 2VEFgE S, 2010 45 3 A 26
H, BRI TR

P E T, [ERRHFSICHERL L 7= Hlfa o
v 7 DMERI VRN - FFR DR,

BRI e v Y S a T S I
2010 €5 1 A 22 H, BINKFILFEE
B, (FEIERORIC L > THE T
57—V OB LEEERIZBITS
falRERBOHEE, HAREEMEFRE 17
FIEZFEHEMES VAR 7 A, 2009 426 H
25 H, HAREHANER T, AT E
Jb

RE, 2N v T Db DR
DOHEREZ EIZHOWT, B HFREBERS
ZAVERFFES:, 2009 425 H 22 A, i
WA RS E 50
ML, $LIREESE AND 7' — ko &
IS Lo 2 A 5 2 v 7 FT b, & 15®
HEFEEMEMIES, 2008 412 H 12
H, AT - B R B A

ML E i, $LIREESE AND 7' — F oo~ Lo
TR BT HEIER L — L, BT
WiE(EFaEEMENITS, 2008 4F 10 A
17H, WNTERFZRHYT T4 by
INA

WER S, UIRN—[E7Z T E U D8I v A
T LD L2 T A RN, 53T (Bl R
SURTW A, 200849 A 18 H, F#E
WhX&ART v

ML E T, EERERICHER LY 7 by
TT ORERFGFOBIRE Y 7 VT O
TE ) 70 A MEREAM D F A, CDAJ CAE
Solution Conference 2008, 2008 46 H
30 H, /XU RT T 4w T RRENSA RT IV
WA

M E T, #EYE AND 7' — F DL L F 0
& AT, BEIE s E e E e
724 2008 4£ 6 H 20 A, HAT - MR
Bl

RE, 2N v T Db DRI R
DOHEREZ EIZHOWT, B HFREBERS
ZAEVERFIEE, 2007 £ 12 H 14 B, B
AR R Bl 2>

Hi515E, HBEOZ 2B 5 1S0/1EC
HEREIC BT 5 EE R ERFIHM OEA
P, BRGNS 20 [BIFRKZ(E M v
VARY WA, 2007411 A 30 H, HAR
SRR K s AT E L

WA, SRR £ TR R S 0
FTA : 74—V " Y U—=TF VIR, &

FIE (G PR eV ZE S, 2007 4 7
A 25 H, R IE TS50
VETA%, TR HE R R R R
LAfENT, 537 UM - (Rt AR
Yok, 200047 H 17 B, EAY
vy Jilam O EREE X —

INED ST, B—F—AIZIDEEIN
HILEVATLDT VT _ATEYT 4
gt — ~ v 7 RRENT OB A & E OfiF
o, BTG HE(E TR EEMEE S, 2007
6 A 22 H, HA - HHRIE LS AR



6. MR

() IrgefEE

Mgl &7 (SUYAMA KOICHI)
HORHEE R « W L5200 - 2%
FgeEFE 8022661 2



