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SUMMARY OF MASTER’S DISSERTATION

Student
Identification 81234578 Name

Number Drifidianto Ilham

Title
Safety Analysis for Vehicle Stability Control System in a Micro Electric Vehicle with In-wheel Motors

Abstract
This paper presents safety analysis for vehicle stability control system (VSCS) in a micro electric

vehicle with in-wheel motors (MEV). Although there have been many researches on safety of electric
vehicles in terms of the vehicle component’s fault, the system safety or the functional safety must be
very important for vehicles. This paper discusses the system safety analysis of a micro electric vehicle
with in-wheel motors (MEV), equipped with a vehicle stability control system (VSCS). VSCS consists
of the front steering angle control and the drive/braking torque control.

System-Theoretic Process Analysis (STPA) is a safety analysis method which is conducted in
system level. In this thesis By combining sequence diagram and STPA, the unsafe control actions are
identified. By using sequence diagram of SysML (System Modeling Language), the sequence and
timing of the exchanged messages, between components or parts, can be described clearly. To identify
the unsafe control action, STPA guide words are applied to the sequence diagram examined and
obtained. Thus, unsafe control action which cannot be identified by the control structure diagram of
STPA, now can be identified by the sequence diagram. After that, the causal factors of unsafe control
action are identified by applying the guide word in the control loop. Furthermore, simulations are
conducted to obtain the safety constraint and the severity level of each unsafe control action. Safety
constraint is the condition that has to be satisfied in order to ensure the system’s safety and avoid any
accident in the system. Severity level is divided into a mild level and a severe level.

Based on the safety analysis, fault-tolerant control system (FTCS) for MEV with VSCS is
introduced. The FTC’s functional requirements are clarified and the derived functions are allocated to
the components of FTCS. From the simulation results, it is verified that VSCS are effective enough to
maintain vehicle safety in the mild-fault condition. Also in the severe-fault condition, the safety stop

function is considered.

Key Word(5 words)
Vehicle Stability Control System, Micro Electric Vehicle , Model-Based Systems Engineering,

System-Theoretic Process Analysis, Fault-tolerant Control
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BUE, BREEESE TR LF—0BLEN D, BRATHEOEEAEIH I TEY, £,
IETIE, it A ZOEKHEHEZT T, B/NVEEKHEBENER 2TV 5.
HNVUESEHBE S IHBE LY 237 T, HiOFRELBEIOR L7251 NG 2
AR FEEEOHLH (=L F—HEEIL, @FOBEEHEIZHAT 16, EXBEIHD 1/2 12
ETh2) O LEEIN] BNIEKHBHEE, oL X— - (RRF 0TI
WET L. F, BOEFHICTHLRERICHHTE 5720, mESOBE TR H TR
(Lo, BURTIE, —RICEDILTW D BB HIIRAD 4 AR TH LA, EEIZILLA
D52 NLDFES TORWT—ANRE. 2D, TR0 AA— RGN BN 7
STW5D. EHIT, #6FHlOHBEDSEFHEE) T 10 km UNTHH SN TWD[1]. 20
FRE L ftIEEE S LN L W BREB RO R A BE L, [B/NVUEK A B OB AN S
F ol [EHHARE T/ NVEERK BB EOE KO0, S F SERBHAZIGD TN D.

—F, ZATYDOHRA—NNIZE—FEZRET DA HRA —E—FRIZHNDZ LITX
D, T—HEEENIREL RTA T2 v 7 b THA Y ~BE# ) 2 Er1 B REkDER H
BHICHART, HEHOHBEZEDD I ENTES. 20k, B/IVIERKABEIH L
T, AAX—ADEEND, £ VA —VE—ZDHEANKEATHD. EEHELIL, Zh
% CMBSE (Model Based Systems Engineering) (232X, A L iRA —/LE—X 28T 5
VRS A B B OB EA LI S A T ARREHC BT TR AT o C & 7=[3][4].

ESICEREHEAADICE L S5 720100, ERABHEOLEIEETHET S Z &N
HETHD. TODOITIL, BEMT, BEXY, "= RFR~OXERLETHSH. BEXH
BHEOLZEMICET AT, T4 Z2IE00ETHar -3 FOMFEICER LT
WAEANZO[S5][6]. L, BREBEIIEMR S AT A THDH2H, 2R —x2 b
BICLEE AR 22T THEA TS TH Y, VAT ALV TEEMEE R D LB
BB, KT, A WA —NT—H BT HE/EERAHB IS L TE, VAT AL
NTOREMTEET DHEHTEEEfm S TR0,

ZIT, R 1L, ERREMNTTFEO—RERT. IhbOREMTFEDHT,
FTA(Fault Tree Analysis) & FMEA(Fault Mode and Effect Analysis)?3 i 2 < FIJH ST 5.
L7 L, FTA/FMEA & W=D TlE, 2uA—x 2 MR BIE L e\ v — RIFR 4 FF
ET D L1 L. HAZOP (Hazard and  Operability Study) (377 > Rp & TIAL
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Table 1.1 The differences between safety analysis method

FTA (Fault Tree Analysis)

« KEE AN T, NP— FORAERE, R
KlE K OWER A2 T3 5.
c A R—3 2 MSBEDJRIN A2 RFET S.

FMEA (Fault Mode and Effect Analysis)

c VAT AEHRTAETCOa L IR—3% 2 b
(kL ClEEE— RARY, #fET— R &
T B E RN 5 L.

HAZOP (HAZard and OPerability studies)

AL T T v R AR 2RO ATREM: & {E
T LD, A RT—REHNTYAT A
DEFZWET 5.

- B O Z 250 KOV ORIK & Bk
THDIZ, FEOT Y AETHETD.
HHIFI T A—ZDOB/PNEEZD.

PP A= MRV S.

- DL BT FIE LM AE D TR S
a5,

SHARD (Software Hazard Analysis and

Resolution in Design)

«HAZOP #H LI L THA RU—FK&2 V7
NEAE IS AP e

STAMP (Systems-Theoretic Accident Model
and Processes)
STPA (STAMP - Based Process Analysis,

Systems Theoretic Process Analysis)

- STAMP & 133 AT LBEERIZEE S o 27 A
ELTOHEKET NV THD. VAT LELT
DEFEENIANLA « RN IR B FEAET 5.
- KRBRET V% & ABTERIR R & R E
T5., IALIEFRHOTT— VYT =T
DI, v R—x > MABEERIC L DA
T L L LTOHE, #BET2 ANMPEZ =
T—, BLOV AT AL L COFMITEES
LRATAUN, Mk ASE WO FERETSH
5.

- STPAIZIEHIEIREERNC T A R U — R
T 5.

cay hr—n—7 (KEBERET IV
) b LITEBIERRR 2R ES D, B ERR
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EIZiZ = AR —x > MEEERIZBET 5
— R EENS.

BRI A ROFRFHMEHTHZ LN TES
EHIT, FANTERSN TN,

cHfEL Y S, aAR—FR Y MNEILOMALE
I E B P — RIZESZEN TN

A SN TV DRI AT CTH Y, KBEMEOERM, —#oN A KU —REZ@EAL,
VAT MIOWTORG AT 5. HAZOP X, MOt TikE &G e TEH
TLHGEDRDH LN, %< OB MLETH 5.

~YFa—t vV THE KT (MIT) @ Nancy Leveson (% STAMP/STPA D224 fiftr Fik%
BREL, I, EHSH TS, STAMP (Systems-Theoretic Accident Model and Processes)
ElL, VAT ABGRICE S FET L CHSH. STPA (STAMP-Based Process Analysis,
Systems Theoretic Process Analysis) & %, 3 27 LAFEHIZHES < AP — RO OFIETH 5.
STPA i, HAZOP D L 912 A RU—REHEH L, VAT LADETNVEFITT 5. Ll
STPA 1% STAMP DK EEIZET /L [causality model] Z % & ITHEHT L, B LWEBEREA
ERET D, ZRODFEE LT, Fito=TF—, Y7 MU =T DKM, arAR—x
MEEERIC L2 AT 58 LToHE, #ET2 ANHPEZ T —, BXOHERIIE
B D~V A N, Mk HSOFEKRZRENFTLND[8]. ZOFKFTa L AR—% b
H—lEL v b, arR—x MNalLOMAERICE 2 — RE20h+ 2 2 LICEA
EENTND.

AP—= RORHTE, ESHTR LOEESITICRIIS NS, JiElEINF— Rk gl
2 SNDIFHEIRC T A NEEEBET DA LTV 2[9]. BEIImREE RO
IINTEAT D BRI LT D, STAMP/STPA IXEMIHTICE £ 5.

—75, LR FEEZ RS ORR 5, MBSE LD T 7 u—F b L3 %)
TH5D. 1=&ziE, SysML (System Modeling Language) % VN TRt 217 95 Ji1ED R
ZINTWVDH10]. E£7o, REEBRICEH L TLEMT 2T 5 AR TLA TN D
[11][12]. L2>L7Z223 5, SysMLIZIEY AT AORDEENDOFLd FHiELE LT, VAT LADE
FEOMBEFRICER T2 —r LV AMRHHHOD, 2R —x MEOHEERIZE
ERBYal s I E S Y O QAYAN AN
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1.2 B

ARFFETIE, 4 WA v AR A — L — 2R VIES A BN (IR, MEV) OZGEEREE
(BT A EEMEOMRE B L, Bt LHilfE > A7 A (Vehicle Stability Control System,
LUF, VSCS) (ZBET 2 LZRMRIT ATV, ZOXIR AT 5. BT 41T 2 BRI,
AVIR—=A L FDOIMNGERTDLOHTEIATHITHY, VAT LERRERMOMEIER %
BET 2 0ERHDHEEZBND. £TTC, KRTIE, YATLET VUV EiBTHD
SysML O > —4 v AR EHWT Y AT AMERERMOMAEEMRZTEL, 20 LT
STAMP/STPA TIRE SN TN A RV — R P\ TLer &2 FEiid 5. S HIZ, RZ
BIRHET 7 v a L ~OREE LT, VSCS IZHRT Dl > 2 7 AOMRETEAT S .
LU I BARBY 72 e N AR 23R~ %
I RERRMIET 7 > a 2l « RET 27200 ReHIKERET 5.
» VAT AOMAMERIZIEDWEARZ ARG T 7 > a v ORFE
FIEREEX 721 T, 77y a v DIEFBI O A I T aRT—7
VAR AR ZRGTT 5. Bat LA A R — K&/ L,
RGN T 7> a VERET .
Y RERIHET 7 v a v OBERRIROFFE
FEHTDHET 7 v arZkicary rua—nn—7EOHA RU— R&iE
AL, REERREET 7 v a ANAZERDBENFENEZFRET 5.
P U2 b= a TR DBEHKIORIE L HE DK E S DORE
NI T 7 2 a 2] - BRET 27200 HIKAEY I 2 L —
3 A KV ERFET D B L2 L 2l o R AT 272018, %
NELRIRHT 7 2 a L OFEDORE IO L~V ERET D.

2. FRELILERK, BEY, HEOKE IO L~YUIESWT, MEV O#EHELE
PEWZ 3 DRI < A 7 2 (Fault-tolerant Control System) OFFf %17 9. MBSE
(CHDE, THMBERIE S AT AOMREZR, BEO, A&7 x—2%HRkIZL,
T—%T I F v RS, 70, VSCS EMiiREhliEs 27 & & OBIRE AR
T 5.
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KESE S LA TR SN D . B AHROBEIILL T O®Y Th 5.

1 ETIE, FFROEREMEAN, BILY, RFSCOMKIZHONTIRRTNS.

B2 ETIE, AT LOEROHEIEMICER L7z MEV O VSCS O/ — REHTIZ D
NIRRT D, ERSHICE L CRiik L7=0H, MBSE i L, ¥ A7 LMEREFRE D
MEERZRFT 2. ZNOORREANT, ~YPF— RERZRRHIET 7 > a VA2 RE
T5. I, RERREIET 7> a v OBENRNZHET 5.

%53 HE T, MEV @ VSCS (29 2 ZaHKIOMEHI OV TR TS, ¥ 2 b—v
a v EERL, NERBEET 7 2 a 2 - RETDHID0NRT A—2HIFERES
5.

%5 4 TETIE, MEV O VSCS (243 D MNEIERTE S 27 57 —F%7 7 F v OMFE 2 fim 3
L. T—XT I F v BEELBET D720, WRBELRA ¥ T = — AR WICT 5.

BSETIE, MFRTHELNEEREE LD, BEEEHML TVD.
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21 /N\Y— FEITOxE

ARFFETIE, 481 2R A —/E— X VIES A B H (LUF, MEV) OZGEEREE
(BT A EEMEOMRE B L, B LHlfE > A7 & (Vehicle Stability Control System,
LUF, VSCS) (ZBT 2R E1TV, ZOXMREMFT 5. ZHETRT AN, HE,
B2 E DV AT ANTOREMREOMMAR L, RV X—HEOEIME, Bt E
P&V o T2 BLR 2723772, MBSE (Model Based Systems Engineering) (233X 2 A7
I L)L TEHERZ TEARITE S 2 7 S ORGHI BT D9 41T > TE 72[3][4].

VSCS DIRDEENERBLLTET 77 4 BT 4 MEX 2.1 \RT. 7277487 4 K3,
AN, i, BEO, #HEOERREMICIESS T 7 v a VolEFRHT &, T—2 D
ERTZLIGELEZNTSHD. 77T 4 BT KT, AOHLUAZHANTT 7 v a v,
FRORFIMAERNTAT V=7 b7 v —, ORI Z HWTHIE 7 v —2&7. 7z,
KT 72 arvEROFERTRYLZLICED, VAT LDV T VAT AR R—3 2k
DT I arDOHifERT I ENTES.

ZITE, 7T 4T 4 EMWT, it E LS AT LOBRET — % T 7 F ¥
I VSCS [FH ORI, BE, RIASOATNCEET HEHE Ay, THEmOR
RBAFHIT 21, TRIARDANZFT D) LI T 7 arzii). [RIARNDEK
AHEET S, THEEOREBEZFHT 5] LWo 77 g CoORERIVE LD EHRE W
T, TR A HIE A ) & JRNCERE) - fEE— 2 hv s A 2 RS LichliE) 727 >
3 EATH . ERCUTEHEATNCBE LT, By, HIROT 7 v a &2qToT4%, dilE 2 E)
ESE BT 7V arZ1TH[16]. ZOFERICESE, 277V 7, BIY, T—%%1E
BSED. 77 a ARV Y TOWHERIL 77 Fax—2 727 4], THilE
YT VAT L] BLO FHIP TV AT L] THS.

K
1+ 7s

Yref = (2.1)

X 2.2 I1Z MEV O#lfEEX 279, it & ICHL IS AT AORE M ThhT-.
BBV AR, 3 —L— by, LZOREMEY,. & DREREEY. 27 4 — RNy 7 E5L L,
Hﬁ%ﬁ%ﬂ?ﬁ@m 4 %Zﬁﬁﬁﬁiﬁ cvo Tij%\fﬁél\ L-’Cﬁ?”?ﬁ]]\jj ELTHWA.
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Obstacle

Velocity (Speedometer), acceleration, deceleration

Accelerator Disturbances
Brake l of
D Steering N 4
river .
MEV
»| | Motor FR |[ Motor RR || Battery
Tfi y_+‘;
H —C
Tty —vkl Motor FL |[ MotorRL | [  Steering | )
Trl 5]0 y,
Trr Controller
B

MEV O = — L — MEEYD BEHEY, o (1%, KT A 30352 2 Bt A 8125 L CREKHL
PIRET DI =L — &2 5R5. BRI =L MpeplZ BT A NOEHEAS & — YRR D
BfgaEA L, RQ)TERTZIENTES, 22T, K=02377, T =0.0903 & L, HIEfHE ref

Fig. 2.2 Control Structure of MEV

Yrep IO LT, 33— L — MyNEFRAE R BIET D & 9 P —=R Rz 5[16].

22 REBWFE

VR, S AT LD 24T 9 12912, STAMP/STPA 23EH &L T\ 4. X 2.3 IX STPA
OG22 7R3, 2R 24T 9 BRI, Zethd a L iR—3% v NEDORIED 2273 59,
AT 7 eHIERTEE LTI D MNERH S, R, VAT LE L TOHEHIIx

L
|
|
STPA |— : l,
|
1|
|

TREEE
DEE

Controller

FRETE

IZESLHEEA
DIEE

Controlled
process

Fig. 2.3 STPA Analysis
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Y ha— AR THLBRE L TRIZNLTH D, FlZIE, v hr—T7O#EdE,
HHWNE, v br—T EHERROMEEHONMENFR & 78D, ZOX R AT A
ELTCOFITED R ZEHNZR L TWRDhoe eI D EEBEZLND. ZHD
VAT LE L TOFEELEEA X FOIAFTET TR, BRI AT Iy s 7t
DFERTH .

STAMP |L 3 DDA a7 M DI IND.

L.

Safety Constraints (Z2fHf)) @ VAT L E L TOERUCE LRV K H ICLEE TR
T LD T RELEMETHH. FlZIE, (FFEE DRI E WD R T
7V a BT LKL s ms L EEN TR 6R0nENS ZETHD.
Hierarchical safety control structure : A7 ABHE LM 7 = — X &N ENOF|ER
BEICBNT & D RELRATE) & EREOTIRERAZRIT WX TH 5.

Process models : =1 > b 1 —F LW =71 R), RTA & BRI 2 v
IO X HIFLR L, ENEFNTHE L FEHROTNRLT 4 — RNy Z R ETH
AT HHAERBLT 5.

aVR—FR 2 FOMFES T TR, aryR—xyr
RIS E 00 3 NEOHEAERICBD 2 v AT A L~V DOREIC
HHTD

TG A7 il 4103\774’&—@%\1,
T g  DRRE RIS T 7 > a > &
ETD.

oy ha—n—7 DA RU— Kz Hu

3V}D~wwﬁfﬂ <, Tﬁ£&%ﬁ77/a/_ 0N 5 PEEERY

ARZ I T 7 > a v &)
LA OFFE H « BRET DO DOLEHIKE
¥rET 5

Fig. 2.4 STAMP/STPA process
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2.4 1% STAMP/STPA O FJEA 7. STPA & W\ oW — RN FIETIE, £9ERS
Wradehil, avR—Fy MEZOEENE (77 vay) &Y. oXi, £77
TaIHA RU—REEAL, RERMEENTF—F, "= F VA, Zaifis
T2, F72, REERT 7y avmcar ha—A—7%E%T 5. ZhbokER
ZAWT, fhi Sz ey, BEY, RNeeRHET 7 2 a B DRRITKR L4

A E1T5.

Human
Operator

vy

Plant

Actuator Sensor

Controller [«

Fig. 2.5 The control structure

Unidentified or
out-of-range

Process input disturbance Process output contributes
missing or wrong to system hazard
.| @ Component failures >
Changes over time Incorrect or no information provided
Delayed Controller . )
) Measurement inaccuracies
operation
Actuator Feedback delays
Sensor
(@) Inadequate Y
operation (3 Inadequate
K operation
Inappropriate, Inadequate or missing feedback
ineffective or Controlled Process
missing control Feedback Delays
action (@) Inadequate Control
Algorithm (3)Process Model
(Flaws in creation, inconsistent, .
. process cc?:nggs, incomplete or
incorrect mo |‘ ication or incorrect
adaptation)

(DControl input or
external information
wrong or missing

Fig. 2.6 Causal factor [8]
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[X] 2.4 |27k L7z STAMP/STPA ® 7' 122 2 % DL FIZFET .

O EAOHIEMELZERL [HESER] 2ERT 5. X 2.5 [EHEEER o —>0
il CTH 5.

@ R4y 72#1E T 7 2 a > (Inadequate Control Action)lZ K& B W — R U 4 & HiE
T5.
RAL3 72T 7 > a AAILLFD 45D HA RU— R E LiAEN .

(1) “Not Provided”,
HEMEA MR T DT OICER SN DHIET 7 o a S,

(2)  “Incorrectly Provided”,
BRERAESEDLATS, HDHWE, RLERFET 7 v a vUtitans.

(3)  “Provided Too Early, Too Late, or Out of Sequence”,
V72T 7 > 3 v OREER RS X D(too early), T X D(too late), DL,
NEF2> BTN .

(4)  “Stopped Too Soon”,
WE R T 7 > a OEIENRETE D,

N A E I ~ E 3
o ami Lok | | T2 Y E YOI, AAS TR TE S
AR SysML O —7%7 v AR ZHWT, R —x
v NOMAEAER Z T 5

FTHEAERZREI LIm>—7 o A BIT 545 A
=T g Nl A ODHA R — N&HE
AL, REEREET 7 a v 28ET 5

A4 T )
T a rOEE

= AR E Y SITERE LT R eI T o
Va NIERAEENRNE 2 br— L —
oI A RU—FEHNT, ZFETH

=N N =Ty e
& D ETER IR O R

I al—arERAWT, RELREIET 7
BRHIRI L E LV | 3280 - RET B0 OZAHIKE X O
DRFFIE DR ESD L~ EEETS

Fig. 2.7 Proposed approach
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@ NPF—= R F U A2 HIELERRIK(Causal Factor) 285 E 5. [ 2.6 IZIETER
JRRZFFET DD ay ha—/b—7 %757, STAMP/STPA O = hr—/LL
— IR E BRI O O Ch AT, ar hu—7 EHIEGOAME, BEIW
N—T DI EWHANEL LTz, BEtLod < 2ol HlE TRl S il
WX EGDOELVERDD.

@ HARLERHET 72 a v ORERKEZRET 5.

AWFFEIIHEHRD STAMP/STPA O 7' -t AZHSE, MAOT Fa—F %Mz T\ 5.
2.7 IIAMIEDONE %779 STAMP/STPA |35 NS Hill B IE X 2 F VN C il I & b9
5. LonL, ABFZE I EX 721 <, SysML DX A 7 77 L ThHDH—7r v A
Mz HoETHWDZ LIZRY, ReRRfilT 7 v a v efEdT s, —rr AMEH
WL ZET, #HET 7 v a COIAE, BEW, 24 IS OLICHREICTE S BLU,
RERIHET 7 > a V& - BRET HI-OICLEHRIOR TR, wEOREEDOL
LB RET D,

23 HTEHICEAT HAERDH

MEV (ZxI 2 AT 24T 9 Bills, RO 21T 5 BB H 5. ¥ 2.8 1X MEV ITXT
535K % SysML DOESRTRY. O] oz I+ BNENTH DL 0EICHM b
FERIVREN TS, F7-, T<<derive>>] 1%, KEIDITEOERNFEIDLEDE R ) E
HEnsZ LR L TWD. ZOMITRT X DICMEVICET 2 ERIZIZMEALTH 528,
AFFFETIEZL A [Safety] &\ H EDRIZHEHT 5. BEIC MEV Ot EMEOERIZET 5
FATHFZEI LN STV H[3][4]. X 2.8 £V, MEV [I0EkE ] L 0/ - Bk ST
WDICHEDL LT, FERHEM & RIFEOETHRENERINTND Z ENbnD. b,
i/ - 425t [Small and Light Weight| & #f{t2 & [Driving Stability | OZERN G,
KHEDS V) BEER T COEKEZEENE [Driving Stability on Low Rolling Resistance| &\ 9 ZR A3
EHIN TN,

Bt EMEIZ KV, MEV OZZBREICE T 5 Z AR T 2 BN HDH. MEV D%
DEFEHT H7-DITIE, MEV IZEENTRAE L BRICER REEOHER, BXLO, FEEs
STEMTEDLMEVIBLEDFHCEETH D & EZ, HMIEF%  [Fault tolerance] DEK
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B UTe. SRR OBR 2 729 7o O I HIEIZ B 2 A S BT 72 0, FHA
134 BITR~D. —T57, VSCS (TEEE) v i, RiEmEdemahii, I, by
DG OHALA 2 2 TV D . ZNENOHIENIE Z V1G5 N2l T 7 2 a v~
ERFET ANERDD.

MEV OLZEWEHERT 272018, FTRLRRGIHT 7 v a U AHET 2 0ERH D,
FFIZ VSCS X MEV Z il 45726, ABFFETIX VSCS IZXT 2 LM 2175 . 2R
— R NOBEEOHRL LT, aR—x MNEOHAEER XLV 51 EE Z SNAHARLR:
FHET 7 a VERFFETHZENEETHD. KIS, ZORK, BEIY, *MREMEFT D
VRSB D, D EITH 1202, STAMP/STPA DZELMEHT Fi5% H 5. STAMP/STPA
1T, HERSER A ER L, RLRREIET 7 a VAT A0S, LaL, il
EREERIIIREICHIEOT 7 v a DX A4 I 7, BI W BEFZED D 2 &R,
VAT LADET Y NS SysML T, AT AOREREREMOMBEERICEH TS
T VARV AT DOINEDT 7 X =N EDRRIZY AT A EANWL O ERTL—R
AN S 5. ABFFETIE, SysML % VT, STAMP/STPA & #lA& ¥ TR L7
W77 a s eRET s,

req [Package] Requirements )

- . Requirement>> o -
Requirement>> 4 W Micro BV & {{Requirement>>
Efficiency - - <<Requirement> Safety
Reliablity ~
Requirement) <Requiremen {Requirement>> «d%‘ ive)?
Riding Comfort Disposal Passenger and Baggage ReauirenenDy
y Fault tolerance

Requirement>> <CRequirement>>
Smal | and Light Weigh| | Vehicle Performance
/F 09 9 g
Requirement>> <<quuiren]ent>> T T
Noise Vibration <CRequirement)) <<Requirement)>
. Driving Stability Obstacle Avoidance Performance
Kderive»
| derliye»
{CRequirement>> {{Requiremer <CRequirement>>
Driving Stability on Low Rolling Resistance | | Top Speed Brak ing Performance
Requirement>> Requirement>>

Acce leration Performance Turning Performance

Fig. 2.8 Requirement diagram of MEV
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24 EEAHDORE

AP RO 2 @mUNC T A 72012, " — R FUARUETHD. ~NF— R
T VAL, SyML DX AT 7T LA ThDHU—r v AR — A — AR Z 54135 2 &I
F V&L, X29 X MEV OiEA [Operate MEV | D2—RA 7 —RA[X%Z/RT. L—RF—2R
(Use case Diagram) (33 AT L& T 7 2 —RIOHBAERICEH LT AT LAOKREL &
By oM Ths. FROMMA FAENTHDENE, SITRROT AT LA THD MEV D
HPHERTTORD, AT AWNIMEY AT MK LT ED L 9 2R & $it % 7% 1
LT DT ENTED. K29 R348V, B3 5 ['Vehicle occupant ], % [Passenger]
& RI A Driver] 1377 % —Th5b. ZDOa—R/r—A |33 HE [Enter MEV), [
# O IExitMEV],  #[@7 7 &% U —ofilil [Control MEV Accessory), — HL[jj&#EHs [Drive
MEV] Z&ie. 2D 4DDL—R7—ANG, AR VSCS 28 MEV OEROERIZEE
T %72, MEV Oi#fi Drive MEV] &) 2 —ZX 7 —XZEFHT 5.

uc [Package] Operate MEV [Operate MEV] )

MEV

Vehiicle Dccupant

Control MEV
Accessory

Passenger
Drive MEV

Driver

0

Fig. 2.9 Use case diagram for the operate MEV [19]
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sd [Package] Operate MEV [sd Drive MEV] J

Driver Vehicle
Ref
Start Venhicle
parallel J ‘ ‘
alt J ‘ ‘
ReU \
Control Neutral Power ‘
Ref )
‘ Control Forward Power ‘
I I
Ref /
‘ Control Reverse Power ‘
\ \
| i
Ref \
Control Brake ‘
Ref ) |
‘ Control Direction ‘
[ [
| |
Ref
Turn Off Vehicle

Fig. 2.10 Sequence diagram for the drive MEV [19]

Vehicle

Fig. 2.11 Lifeline of Vehicle

/

Fig. 2.12 Combined Fragment
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Table 2.1 The types of Combined Fragment

BE7 77 A FOFEE B
alt SAEor I
loop ML
Ref FAEAEREH OZ
parallel Sl A1 AL

¥ 2.10 | L— A4 —A MEV OiF#x [Drive MEV] ORS8N & —7 U ARNZ LY oR
LTW5. v—7% > A[X(Sequence Diagram)iE, SysML &7 /LNOERER) 72 B DR
AERAERRINCEBT AR THDH. v —7 V AROH THEERZT O B A2 KRBT
HETNESZZTA 7 T4 (Lifeline) & FESS. [¥] 2.29 (X HLE [Vehicle] D F A 7 7 A
VERT. TAT7 T4 VRIORY &V ERBTHETNVEHREE A v E— (Message)
EFES. Ayt =D, BEOFFOH LRESORELZRAITERY. RENFA vy =Y
DEFRDOTA T7TA4InD, AvE—VOZEMMOTA 7740 ~5I<. £z, ¥—
v AT — T E ORI E A R T oD T AER L LT, K212 DL
728G 7 7 7 A2 N(Combined Fragment) & WD EENRH5H. HET 77 A2 b O &
W2 2.1 IR

210 kW =a2—hrF7 8T —OHl{Hl [Control Neutral Power], i/ <7 — i
[Control Forward Power ], f%i&/ N7 —®ifilf#l [Control Reverse Power], 5L O L — i
1# TBrake Control| (BXE) - HlE) kv 7 HilHENZ, J71ROfi4E Direction Control) & HiTH
FEA TN R > TS, VSCS [ 3BKE) - HilEh kL2 filiElds K ORTmiie A il 2 5 a L
Tl A2 T > TS, ZD7=®, MEV O VSCS IZxtd 2 R T 7 v a v & FFE
TOHLUENRDD.

%] 2.2 1% MEV OfilfiEIERIZ RS L 512, STAMP/STPA Ot CIIERAMNZHIIEHT 7 >~
a NZBD HHERRER TControl Structure] ZAERLT 2 MEEN D 5. HERD NP — g
FEOL IR, HrOaR—x FOBIEIZER T2 L TIERL, @530 RK—
F v MEOMAERICET 23 2T A LoYLOREIZE BT 5 72 DI IR X 215 5 .
LL, 7273V avOlEFRBEIOEA I 713207 v 7 ) GlEREER) TIERET
TRV, =T AR EHWIUTRBRTE S, filxiE, 7', T—%, BXOR

>
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sd [Package] Operate 4 IWM Micro EV [Control driving torque] )

WMFL || WMFR || IWMRL WM RR Vehicle driver speedo
‘ ‘ Controller meter
loop ‘ ‘ ‘ Command_desired_speed ‘
‘ ‘ ‘ ‘ CalcuIate_tor%ue_for_eacyIWM ‘
| | | | E |
pﬁrallel) | | Receive_torque_FL |
* Generate_ \ \
Et‘itorque%FL __ MWMFL condihonji BN
\ \ \ 1
‘ | ﬁieceive_torque_FR |
Gener%te ‘
torque_FR

| WM FR condition

—

I#e ceive_torque_RL

me IRL c@tiﬁn N

Generate
torque_RL

‘ B Receive_torqué_RR
Generate_
torque_RR

M RR condltlon% ‘

|
|
|
\
\
|
S ‘
\
|
|
|
|
|

Inform_speéd
Show sbeed info

T

|
|
|

Fig. 2.13 Sequence diagram for the control driving torque
FL : front left; RL: rear left; FR: front right; RR: rear right
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U TMbDEFBLOENENOET—XIZED M ZRER®H Y, WO BT
2R BEIL R T A ASBEYINCAD 252208, MOEFINEICH D &) R a7l
T arypnEHIhS.

[X] 2.13 [ XBREN - HlEh ~ L2 OFlfE TControl driving torque)] &9 ST AT LDHE S B
WEGHT Loy — 7 VAR E R, ZOV—r v AEEDZ LT, VAT AOMERERRM
TEDXEOIRT 7 a MTON TV DO Enid 2 2 L3 TE 5. [¥2.13 T, ldriver]
776 [Vehicle Controller| ~0 # & —3 Command desired speed| 1%, KTA N7 27+
JVCHIRFT A A A )T 5 Z & &#FEK LT 4. [Vehicle Controller| 1XZ DA NIZEED X,

HEO BEMEZ ER T 572012, £4F—% (IWMFL, IWMFR, IWM RL, IWM RR)
LI MV T 3t B9 5. £z, Tparallel] DA T T 7 A bR ENTEY, Hifj
D= hr—7 [Vehicle Controller| (#2410 IWM (T ML 7 HHOFR S EZ AT - [F]
B H52TND Z L 2R LTV, BT L— TORIBHIE S R EZE ST 5.

(RS & e L, > — 7 U AR E VD 2 & TS BICREMZR R BRI 2 AT
FTLHZENRTED. EROFEZANTY, VAT ALLOMERIZE L Th DR ST
IATRECH B8, HAMERICE BT — 7 v ARER WD & BT S BICRBITR 5.
BI2.131RT LI, =T U ARITENEND 2 AR —x v RO EAERTZT TR <,
Av—VONER « X4 7 b FKT T2, STAMP/STPA IZ XD RERRHET 7 v a v
DOFFEZ S HIZEE T, £72, K213 TIEEGmO =2 hr—InbLZNENOE—FI(C

MV T DREFEEZATL TE-> TS, ZOMBHEOEELA I I Thd s, VAT
DDORZRIZENEIC D20 % IROEIN AR R T 7 2 a » OREICB L CRT 5.

25 FAREGHET I a3 o DRE

AR ZHET LK 213 26 &18, 22 iR SNz 4 DA FU— REZHWT,
REERHIET 7 a L EBBET S, 222 1IIRLEREIET 73 a » OFEICK Y
— R T U AOHTRER A RS, B E M I XBRE) - HIB) b v 7 S5, Airdmse A hiE,
BLOWSGTOMEFEZHND ZENBEZOND. £DH, ENENOHIEHT 729
(24 5DHA RU— REiH L CEc<.

TRUFIALZRGET 7 > a 2 RET D720 STPA (bbb T4 RU—RTh 5.
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@ Not Provided
LM A MRS DHIE T 7 > a &2 Ly
@ Incorrectly Provided
RERIRT 7 arwdh
@ Provided Too Early, Too Late, or Out of Sequence
DT ZA I 7D WIIIEFOREE
@ Stopped Too Soon
{ZIENRTED

PLFIZ, —2DRAyte—UT7 7 aiiliA RU— Remfid 5356 2r7.
Receive torque FL (T DWW TORLRRGIEHT 27 2 =2 DFFE
1. Not Provided
LML MRS DHIET 7 2 a 2 Lz
1.1 =22 br—F00OFESENKR
o LINTORRERE CTHEST
o JEAOHLITTES

o RAIZHEE

2. Incorrectly Provided
RERIRT 7 varhT b
2.1 BEHHD FE A EA HE
211 BARVESBPEAEE VNS WGS
o HMIENHEHZ/2 D
o HM DML EMEN AL D
o [AHLZTEZE
2.12 WAV EEHESEL Y KREWEE
o HHEAEEZRD
o HIMDEHFELZEMED LD
o HEE, fREL, PRHLICEZE
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3 Provided Too Early, Too Late, or Outof Sequence : #2>7=% A I > 7 &% 2 \WNINEFD
i
o MEXVEESMEN DHE
o NI ORAENEND
o HHAEND

4  Stopped Too Soon : fEIEAEFT X5
BB 2 U NEHIB L M LR A 4 R A AN IR %

AWZECE BT 0T 7 > a A% TEEEySIE) ~ov o dilgE), TRimEge A ), &
O TERE/HE) h v o L ailnibe A 26 a L7zl Ch b, &l 7 > a ZEhein
4504 RU— &ML, RNERRGHHT 7 2 a o 28ET 5. BRI TEEE/H
B ML HIE 1 TRV AT ARIET 2 v a v E LR OFA RU— R
L. TORER, 4 OORZERINHEET 7 > a U NFES . ZhbiE, Ta) 727k L
RENVEHNLTHET 72 a~vy REHS ], (b)) BET L—XOEESER G 2 6
72, Tle)y 7 L—FflEin T2, BLO Td) 2> he—I00OESEN K
W ThDH. FTLT, IRZehT7rvarET 5] AL, 3 OB FESRTE. b
X Te) 1, 2, £721%, 3 BEOEF—ZBE 2 IR, T1f) BRolcfizamitids.
A EENETEL D /AW, HEWVEREWGE], [g) BRI L)
ZETHhHD. BT XA I T HDHWVNINEFORIEN ICLAFE LRI %
<, 6 DFETHEL. Znbidk lh) B, HoVE, §il#h v 7 ORENER LTV
HEVEND, £720F, BTED), [H) T27RASELEREERLS T, MLy OFHE
EVWIT IV avMAED), M) To—FXFNEREERTYH, BETL—F0DE)
ERENGED ), T1k) =X O\ESMBERHZG 2 B, T1) S vy OFRER N E
THENS, MTESNREZOLND], BLO Im) M IESEZETLHHIC, b
AT D.
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STAMP/STPA DA RV — Rz L7okER, HlEERXICRE T & o T2 2
Wy ark, K213 %6 CITHEEERZRETT D LFETEE L. fIZIE, M) b
N OFENE-T HH0Z, "MZESHEG265] BEOQ MNm) L7 HESE%(E
THENS, M7 BRFET L) ITHBRER CIIRETE RS T, K213 00— 2K
ZAWSLZ LT, FRETE . K213 1R T KO RBRE) b s #7272 a v o—rr v
AR ERND Z & T, MEERITRET « 24 I T OONFRER T2, —D2DHA R
T—R, A7 NEFOIIBESI2 D, AOFIC WARLRRHIET 7> a v %
WO ZENTED. HEFADA vE—VbitdaNb 7o, ERICESNDLT 7 v
a HRBETES.

FZIEL ey 1, 2, £720%, 3 BOE—ZPEIZH S 720 WD 5E1E, B -
FIEHIE T 7 > a  ORLZEMWNA ViR A — VT —X (DD Z ENKRE N ERbno
7=, AMEERACATIET 7 > a U CIIRT —RAT T U U TV AT DMIREREENH D &\
SMERHS. LT, 2.6 BICALEHIEYT 7 a ACELIFEREZERLET. £z,
STPA Xz v AR—3 v MIBEDOKIR I EEZEZ H Z L TlEel, G LIEARLRT 73
ORI ERD D Z EThDH. B - Hl#) ~ v s LailnEe A 2 e Lo EitL e
HIECIE, HAEOMENKRE . Zo0HETT S 720121%, EFRMrEhED Z LR
HETHD.

26 BENEREDFRE

STPA L= hr—bb—7 EOH A RU— RERAW, RE&LHIET 7 2 a v O
ERRRZRET D, RS, Y7 hU =T ABPEREZRDFRE LT, a2 hr—7
DOIRET L7 RET NN, EEOT a2 ZOREE FETH L TR E DR EZRE
3 5. STPA ICX W AREERHIET 7 a V2 ha— L —T2ELLERDH 5.
AWFZENTAE B9 % [ERE/GIE) hov 7 6l ), TATEmEfe A s, Lo TEEE)/HIE) ~r s
LR AR e LRI ORIET 2 g LI, 3 br—a—F 2R L, B
AT,
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Fig. 2.14 Defining the causal factor of inadequate control action in torque driving control
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Fig. 2.15 Defining the cause of inadequate control action front steering control
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Fig. 2.16 Defining the cause of inadequate control action of integrating control for driving torque and
front steering control
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3.1 HIE

ARETIL, 2.5 BiCHRELRLZERHEET 7> a U 2Mfl, H50E, BRET LD
(2222 H% (Safety Constraints) ZH5FET DOMNERH DH. BRGFKEIFT AT LELT
DHEMUZEL RN E I ICL2EMRT DD TREFMETHD. HIZE, 77
TARENLNERENLTET 7 a~y RS LW REERFHIET 72 a
W LTIE, (77 ®a~wy RiZT7 7T VAo TSNS LW
DEEMMKNET OND. fMIZIE, MEFEEOEN] LW RNLRRHIET 72 a
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ZDONRNTA=FDEITRH T HERICIRO DL Z L LD,

AT CTIL L EHIR & #iFt3 5 72912, Dymola (Dynamic Modeling Laboratory) % F1| ]
LCyIab—ra a3t 5. Dymola (X Modelica % N— R & LT-MELRES
EFV T I al—va Y=L ThD.

3.1 /& Dymola TRk L2y 2 2 b—a v ETAOHEZRLTEY, BHFET L,
RIANET I, BEET NV, BELY, RETTADHHAE STV S. ¥ 3.2 X Dymola
WRMET 2 R ITANRNRET VOB ETRT. 74 FTF 0L, ETREBOE M
(Perception), HAEREEE F O ERK(Planning), HAERREE~D B R (Tracking) D 3 {E O
THy I PLBRIN TS, BEAT vy 71X, K74 0GRS 2 BLED # i O R E

(hZfE, W, AESE) 28T 5. AimEAeAfIEL, RIERE~OBREET vy

[ZBIfRT 2. BRI A~OBREEDOT 7 v 713, Bt B HliE s 27 A, BLOY,
WEO = b —Z [ XHEE T L ONIALET D,

33 NEHME T VO Z RS, HEET /MIANT— LA U, Uy vEiE T L
—F TR IALTND. MEV OXT — F LA X, ZRENDHERRIIA AR A —L
FT—F PEHIN TS, Z20710, 4 SOHEENZF I IMSLICERE) - Fl#4 5 =
EMTED., ¥ UEICEENTWD ¥ A YL Magic Formula OIEFREET L TH D,
TERHL D & A T AT THERIEDME S, R YU » ISk L TR 28 BRI g Fnd 2% 45
PEL 72> TV D[16]. BFET A~OHIFIATIL, F ¥ M, Fifmfes, 45t
— X NI THY, ML UTIXEmROBE, AN, IV A, 3—L— Mg
ETEB[16].
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Fig. 3.1 Simulation model in Dymola
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Fig. 3.2 Structure of driver model
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Fig. 3.3 Structure of vehicle model

Table 3.1 Vehicle Specification

MEV Conventional vehicle
Weight 510 kg 1300 kg
Wheel base 2000 mm 2600 mm
Width 1190 mm 1760 mm
Height 1460 mm 1515 mm
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(1) BE—EZN LI EFELRWEADY I 2L — gy (M34) Ok
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> Yal—ralrBRE SHOREENDA VIRA —LE—F D MV T RFE
ELRL 0D 0B, MVIREAELRNA VIRA —VE—FIIT T 712K
STHRD.
(2) FT—=HOD VI RRAELRL 2D LWV AREL T T MEV Ol oF % g4
HlzbDvIalb—var (3.5 OFMEF
> RIANRNORTTV o THAORREILNFEAE L7,
> EEE EME AR T D O O bV I, RTERERE A & bV AL
7=l (VSCS) N ZENHW S MEV, BLW, #ilfH7Z: Lo MEV OF|H.
(3) ATTVUTHEATOENADELDGADY I alb— a3y (M3.6) OFEM
> RIANRORTT U 7HRBIEV I 2 b—v a VRN T E N ENLS.
> Vo lb—arBEEE 3 BOREENG, RIEDA VRA —LE—F~D |
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_1.44
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‘Z-1.47 ' —FL
>~ -1.48 1 RL
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Fig. 3.4 Simulation result when motor can’t generate torque

FL : Front left (Aij/c); FR : Front right (Fi147); RL : Rear left (#27£); RR : Rear right (2 47)
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(b) Slip Angle
Fig. 3.5 Simulation result of MEV with control and not when motor fault happen

: torque control,

: without control, —

: torque and front steering control
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Fig. 3.5 Simulation result of MEV with control and not when front-left motor fault happen

: torque control,

&

: without control

: torque and front steering control
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Fig. 3.6 Simulation result with steering command delay
:Delay 0.2 s ; :Delay 0.3 s;

— :Delay 0.1s;

:Delay 0.4 s ; :Delay 0.58; ——— :Delay 0.6 s
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Fig. 3.6 Simulation result with steering command delay

—— :Delay0.1s; :Delay 0.2 s ; :Delay 0.3 s;

:Delay 0.4 s ; :Delay 0.5s; —— :Delay 0.6 s

46



F9, 22 THELE Me) 1, 2, 2%, 3 BEOT—ZNEREN) &2 H I 720,
EWVWIORBERRHIET 7> a BT 5 I 2 b—va & 75 . HiE 60km/h THI
WAEITL, BlMEE S HOREENDA VR A —/LE—F~D NI PRE LRSI D. 7
B, MVIBEAELLRNA VIRA —VE—ZTT T 7K TERRD. 2O KR A—
IV —H IR B AT 2 X 3.4 12”7, X 3.4 O@IEENL, (b)A U v 7, (c)
ATT VRS, (d)F— b — FERTRITHE, VSCSITZEMEROZLENTE D
e afER LT,

RIZEA 2 IRA —VB—B D RV 7 PIAE LI WBRIZ, Bt eVt 2 MR 5 72D O
STV IR, RITERERAE A & bV RS LHIE (VSCS) ZHWAHE, BXO,
B ORI E AW WA OREREZX 35 IRT. TOYIab—a T, E1T
AL — R END 5 BEGE LIZBRICETZFL)D IWM ~D L7 8L 34 LR 5.
KL 7 HIEL AR E VSCS X W BEZEMLS R &E W, ZORER LY, VSCS I b7 #ilfE Lk v
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A RIALThH%. EE VAT LLIFHAHHEOER - EF AT L THDH. 18026262
T, FEORW T CUTRAETHIMECHL VAT T 4 v 7 HkE, BLO, ~—F
VT DHIZED T UHBELD T X IN— R =TI L D Y X7 % (Al

47



TAHEOOEREHEZHET D, K32 FVETIV T4 DI TRERT. YET VT
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Table 3.2 Classes of severity and countermeasures

7 I A | ek *F5R
S0 BERL 7L
S1 R S OV EE 5 VSCS
S2 HEB LI OEmE g 65E EFOTRME | Z2EET5
S1+S1 N 5)
S3 EqE gL TEE (EERITZ-&0 L), | ZelFEETS
S2+S1 By et
S2+S2
Table 3.3 Fault mode
Iee—H2DE—R
FL FR Nl &
RL RR
FL,RL,RR FR,RL,RR )3 A
FL,FR,RL FL,FR,RR
FL,RL FR,RR YEM, AR (RS
FL,RR FR,RL pOp
FL,FR RL,RR A, 1%

FL : Front left (Aij/) ; FR : Front right (F747) ; RL : Rear left (f272) ; RR : Rear right (%2 47)
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4.1 #HE

ZDOETITZ MBSE (3%, MEV Ot 4 & M kb9 2 ik b il i o 2 7
(Fault-tolerant Control)D 7 —x 7 7 F % ORFt 41T 9 . HERD MBS FERIEL = o AR —>x
v M OERE - Kl xE T Aol b TnN D, UL, MEV OV AT ATkkx =
VIR—FR L R MO ENTWATE®D, A R—F 2 FOBRTIFIRL VAT L EE2E
L, ZeMEAmRd 2 M EHE 2T 2 NER S 5.

FP, BRKSETHAMBBERE S AT LD AT AL TOL— R —ANBSI}
o AT b L O ABRMEA M U, TsSfEHE S 27 L08R, 8L, a7F%
A N EEFRT D, MHSFERE S 27 L LBET 50 AT LADIRD BN A FHEIC ST 5
728, 2= A — AKX THIEIZ LTV AT ADF{F L —Ar — A e —r VAR L0 4y
Mri, VAT LAOMREERZEET S, TOMBELNZERED EITHKET —%7 7
Fy 25T 2.

4.2 BEEERDBAREIL

M PRI > AT D DET NAORIRE RSy r— UREEZ EFRT 5. X 4.1 [tk
HlH S AT DR DRy r— Ve KT Ny =%, MOETNVERE TV —TL
TRRODDETNERTHD. Ny r—IMIE, Ny r—VHOBRERBT 57200
MThHsn. =ov=7Y T 3>/ — (Engineering Analysis package)lL, HEfMF
PV L7 vy 7, EXENOBITICET 2 ET7 V2B ATWD. [ZeE
—iRA > k| (Safety Viewpoint), [MAEE = —7 A > k] (Performance Viewpoint) %
VY, MHE R S A 7 MM L THEEO AT — 7 R X —BELE RO A E R T, it
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pkg [<DecompositionLevel>> Package] Level00 [FTC System Model] )

M TUse Case | Requirement \
Functional Rea| [Performance Req |
)
“‘Tf' N \ T

| "
\\ \ /ﬂ Test | /// Engineeringanalysis\

\ Vs A
FIC Vieis | /// Tterfaces |

Safety View | Performance View |

Structure
T 1
Safety Viewpoint | Performance Viewpoint |

Fig. 4.1 Package diagram of fault-tolerant control system model

]

4 4.2 |1 3HIEFFR O BRI 2~ d. HIEFFAOBRIE, TFault tolerance components
& [Fault tolerance interfaces] D 2 fHOBERDES L L TEINTWS. 2, Zhvb 2
BOERE, ThZh 3 JFSOEROER L LTERIN TS, MEV O3 R—X
v TR AE LTZBRIC, MEV 2L RBICHERF T2 Sy BRRICBIL, 727 F
2T —H e RNy T —e B —L ) AL R—% FEMERETH-> THLERIRE
IZHEFFT D LW Z ERTREIND. —F, arR—3x2 MDA ¥ 7 2 — 2D
WCBELTY, 77Fax—F - RoT V— P —lHTIA T == ABRER
WRBICHERF T2 &) Z L2 FR LT 5. MEV ICHBEDN A L-BRIC, 2l z ik
RT DL EMITTHE, RO MEV O RT A IR 2T Lo D470 E
WSR2 AT DN AT L EEZEZBND. LLTIZ, MEV ICHBENBETHZ &%
HE LG AI, MR S 27 AR EBRIC@N 2355 02— A 7y — A %R,
1. EITH, AR —NE—EXR P —ROEKRBEFENSFEELTH, EFRL
A% OMEREE KT A NREZTED.

2. WMERRIC, BEE, 7203, BEEWICMEV OETEESH TOREICETTE
5.

3. HFERFIC, REBEEORERH > THRAY v VS FICLEICEITTED.
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BJ 4.3 IXMHBERIE S AT LD RAAL 2R I AT L E LTI NI A3, [H
ml, TBREE) ZERL, IHIT, K, KRR, WEWMET 74 —L LTERTD.

FEAZZE T T BRI S AT DD 2 — R —RER AL DEFEZHNT, by T L~L
DA— A=A B LT, MEEEHIEY 2T ZOBEHHPE, BEU, SMB AT AL
OREFRMEZ AT 5. X 4.4 IZIEEEHIEIS 2T LD 2 —2 5 =2 2RT. X 4.4
D& DT, MHHERIE S 27 DMFHRE, BEY, FI7A/NIx L, MEV OB/l
ZFFA T % [Tolerate faults| & U D BEREZ 1295, [Tolerate faults| 1%, 4 {HOBERE%
GATND. Zhb S HOBREDIZNT, 2 MOBIENHH. TR EhoOHPIIEE 4.1
[CHR~NBHND.

RZ A, BEY, HEFIIMNR AT L E LT, MEERME=2 v —7 Lo T
W5, ABFFETIE, AR =3 MEFEORE [Detect component’s faults), E—Z D
T4 [ Tolerate motor fault |, 35 X O, AidmifE A OHFEDF% [Tolerate front steering angle
fault] OAHIZEHT 5.

req [Package] Requirement [Fault tolerance] )

{Requirement>>
Fault Tolerance

The system can maintain the
safety when the failure happen
in 4 in-wheel motor micro EV

q
{Requirement>> Requirement>>
Fault tolerance components Fault tolerance interfaces
The system can maintain The system can maintain the
the safety when failure safety when failure happen
happen in the components in the interfaces

{<Requirement)) jr T\ {{Requirement>>

Fault tolerance actuators Fault tolerance actuator's interfaces

{Requirement>>

{Requirenent)? Fault tolerance battery's interfaces

Fault tolerance batteries

<CRequirement)> (Requirement?)
Fault tolerance sensors Fault tolerance sensor’s interfaces
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Fig. 4.2 Requirement diagram for the fault tolerance

bdd [Package] FTC System [Domain]

<block, System>

! | N
{<block, external system>> <block, external system>>
Environment Vehicle
Driver
W | |
<block, SystemActor>> <block, SystemActor>> b lock, SystemActor>>
Weather Obstacle Road

Fig. 4.3 Domain of fault-tolerant control system model

uc [Package] Engineering analysis [Fault-tolerant Control System] /

Tolerate sensor
failure

FTC System

Tolerate motor

\\Z Tolerate froTt
‘ steering angle
ccinelude?> - i Failure
Tolerate XXinclude>>

battery

Tolerate
failures
Detect
failures

Clim T
safely

failure

block, external system>>
Environment
Driver —— E— —
[ bl ock, SystemActa WI ock, SystemActa‘ WI ock, SystemActa
. Obstacle = . _Road |  Weather |
Vehicle

Fig. 4.4 Use case of fault-tolerant control system
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Table 4.1 Use Case Explanation

T— R — R =

Tolerate faults [t N B

Detect faults RERAVR—F 2 FOMEZRNT 5

Tolerate battery fault Ny T U OMEIZ LT, EFIZE
179 %

Tolerate motor fault T—XOHEICHED T, IERICET
T2

Tolerate front steering angle fault ATt A OHIRIZ GO 57, EFIC
ETT D

Tolerate sensor fault U —OBEIZHEED LT, EWICE
1795

Stop safely HEOMENHD &, BRIZIED

WEEDFFA [Tolerate faults), [XT/pa—A7r—2ATHY, ZOFIZNYT VRO
FEAY, B — 2 MIEOTE, A A SEOTE, £ o= EOFFAEN T EN TN D.

[Detect faults] & IIRFR TR —FY NOBIEZRNTHE W & ThHD. [Tolerate
battery fault] & I1E Ny 7V OHKEIZLELLT, EFICETTHENZ LETHSD.

[Tolerate motor fault] & (TE—X OHIZIZHREADO LT, EWICETTLHEVWI L THD.

[Tolerate front steering angle fault] & IZATHREAC A OHIZIZ GO ST, EFICETT
HEWZ L THD. [Tolerate sensor fault] &It —olfEICHED LT, EFICE
1T W2 & ThS. IStopsafely] CITEEOKIENRH D &, BRIZIEEDLE N &
THD.

LLED 4 STHFEOHEDNRKFETHY, BENHLZ LICHELL T, HlOEENE
WICHERET D E N DD, B 21X, [Tolerate motor fault] |L MEV IZJFREMED 4 DDA
VIRA—VE—=ERHY, 1, 2, HDOHWIIEDREET D &, EEOEITIE ST
LAREMERHD. LL, ZORFEORETHET 232 bre—IR8KETHD.

[Stop safely|, ZROEIIRERXETHY, MOFTFEDOKIENARNATEE THILIE,
LRIAFIE LT TR b, BHEREARMT 2 L, BURBEEZFHET S,
AIRECHIL, MAITHIERL, RUTIEED Z & TERY. kb, RT3 &)L
D HM I ZHEZES D ATRENEAS .
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stm [<{{System>> block] FTCS )

Monitoring

e » Do:Monitor 4,©
driver and

vehicle

Action

Analyzing
Do:Detect the fault

Mild

fault
A\ 4
| Executing |

Do:calculate and
distribute torque and
front steering angle

Stop Safel@< Severe fault

Fig. 4.5 State machine diagram for fault-tolerant control system

X 4.5 IZMHEERIE S 2T ADOAT— b= U RERT. AT — k<2 U RIE, #H80
WEEIRIEM OBEE 2 KRBT HXTH L. [MtHESIE S 27 A0 EREX 3 HH Y,
EZENERL TMonitoring ), fEYT [Analysis|, %47 [Executing] T 5. fEHTOARAED>
LT, FoiX, BRIUFIET D EWVWOIRBICER T L. RERRGIET 7 a &7z
et @y [Severe fault), BEEREIENFEAET H L, KRRMFILITBATL, WE
AFRNTE D EFTE— FIZRD.

ZOEEIRIELEOEEN Y I 2L —ra TR LE. iy Ialb—ray

XL T DS CTER L.
> BEEDIEA L2,
> BEGHEII—EE L, 16.67Tm/s T 5.
> KIANROARATT VU TRAIE VI 2 b—y a VRN T ENENR D .
> Yo lb—Ta VAR 3 ROREND, BIEDA VIR A —/LE—Z~D K

VT INFAE LRSI B.
VSCSIZ RTANRDATT ) o THSDOENN 0.1 B~ 03 BOBRIC, #afitd etz
RCE7=. Lo, RN RAET IR, BN RLEEIRDZENTREND. 0D
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728, FHAEBG DI, BENSRAE LBICHE 2 Z2IEIET I LERDH D, &
DRLERGET 7 > a v ERAMLIZOL, ZMEILT 20 TIHERL, RaIZBoE LIE
ET2 2 ENEREEWIRT DT-OICEETH S, T2 T, BRICHBEZIEIET 5720
DIRFGA—=BEBFTHEDIC, YIa2b—2a U TOLRETITS.

> 20 m/s DEFRANFEAET S,

> RIANRDATT VU THSICBWT, 3015 03 OBANELS.

> Yz lb—TarBRE3IBROREND, BILLOA VRA—/E—Z D b

VI DBRAELRLS 8D,
> HEEEHEIL-E L L, 16.67m/s &35 3 B BIEGE U, ol I 2.4 m/s”.
> VSCS % Hu /g,

X 4151 NHDRET Tirolzy I ab—ya VOfERZRT. ZORELY, Z
DY Ialb—vay FCOEBOEENMIT, K TH30em &5 ERbhoTz. &
IR E - TG 88, T—X ORMPHAE L=tk 5 fGE%IC, ElpMELRETS. o
DOFERIZEY, K30 cm ITHEBMRH DD, FERITAABHERTELEEZLND.
D=, EERKEND D, BLOVSCS ORI TE RWERIC, ZalcfEild 51
FENMETHS. EERKELZRMTD L, EWYALBHEZHET S, TETHE,
TAICHEL, BICIEE D Z L TRV LICRETIHLERD D, R, Ak
£ 5 &L OHEMICEZE S D ATREMEDS & .

NI A3, BRO, FEEHEmI USIRICET 21FMaE 1 oo r—2Tirx b, 7ok
21X, RIANIRHLTUE, 'y vadh— NohHlm CHEDCHEREZIEZ 5. JEH
W3t LClE, 7= 7 0 PR NS5 2 L THEOERE ST 5.

ZOWIFA L H T 2 — AOBELE NS H . I FESIE S 2 7 2IINRDO T AT Kk
EOXIVTHEERARD D Z & 2R T 5. B, MBS AT AOHIZ HATO
BWREMERTZ DD ERFT S,

BB, MHFERIES AT LD T —F 7 7 F v TRt B8, Z ORI L= HkE
FREBIOAS VZ 72 —RAEHND. 7T—F7 7 F v T3 Lo ERB L0
BT 2 —ANEZDOHMBITEHD B ToONDINEHTETD.
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Fig. 4.6 Simulation result in lateral wind test using MEV model
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Fig. 4.6 Simulation result in lateral wind test using MEV model
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43 A3 7T —XADOBRAREL

BEREERZEN LIZDL, 4 0 Z2 7 2 — A WFEICT 20ENH 5. b
VAT BISBO L AT D E LD XD MBS 2 b OO EHRT D, S HIT, (it
PRI S 2T LA T D EHR AT 5.

X 4.7 1% FTCS Z#:fE3 2% 2 & 2% [Operate FTCS) D> —/7r AR Z /R LTV 5.
MRS 2T LD by TV _VIBT 22— A7 —ATh 2 TINS5,

[ R— MIEZRANT 5], [E—FHELZFFRT D), [HTmEie A Ol 4 5F
KT DITHEB LIEBROEARZRETT 2720, A vt — A% 18 U7 i i 4
VAT NESY AT AR O EEREZRT. FTICS Z#f/ET 25 2 & 2K 7T [Operate
FICS] Do — A —RFHEL oD, TXTEY—F U AKICEST D &, MR
MEZZR ORI EEL < 72D, 2072, = VAR ETHaA—RAr—2 2B 0T 5
T3 5. 2L T, FHTH22—ATr—RE2SWEO v —7r AKTEIT S, v—
FUAKTIRLBNEZRT 22— A=A T2 R—x 2 FIEO BRI [ Detect
component’s faults |, E— X #EDF4 [Tolerate motor fault|, ATERERAE M DR DA

[Tolerate front steering angle fault], 35 X T8, ZZ272{E 1k [Stop safely)] DAIZEBHT 5.

47 LX 4.8 DT —7 AT, MHEEERIEIS 2T L EIMNBL AT 2 RILT D
FA 7 T4 v, OF VIS FERIE > A7 L TFTCS), K7 A /N [driver), Hjfij [vehicle],
[ [Obstacle, 1E# [Road), K& [Weather] DT A 7 A O ANER 2R,

WAL, MHPERE S 2T 507 —F%7 7 F ¥ a8, BH LR Zik,
B, A F T2 —ANRTVAT LD EDOHERERICEID Y TONLINERETS.

%] 4.8 (LMl FRIE S 2 7 AABE 295 2 & 2T Tdetect faults] D —7r
AR ERT . RIANIEEDOFEEZZ L, ElTER, BLT, RAONELE
7% . Z4LZ 1, [Receive obstacle's disturbance |, [ Receive road's disturbance |, [Receive
weather's disturbance | &9 A v & — U THAAEM %K L T\ 4. [Monitor driver input] ,

[ Monitor vehicle state| & VN9 A v —U0%, EAVEIUMEEHIE S AT L8 KT A 3,
BLY, EfZEHALTWHZEEZRL TS, £ LT, [Analyze the state] &, [tk
EHIE S 27 AN LTERERICHEDSNT, RIANEHBmOREBEZMITT5 2 & 2%
LTCTW5.

49 1 TE— X OIEZFIART 5 Z L %2FKT [tolerate motor fault] D —7 » AX%
R B OWEABRET D &, MEERE S A7 M3 E &F— 2 OBRE) L2 LFj
i EAE A OHIE 2 AT 2. £ LT, Bl S il e — R2HmICEET 5. £
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ALE4 [Reconfigure torque and front steering angle controlJ, Command chosen control

mode] WO A yE—IUTERINTND.

sd [Package] Operate FTCS [Operate FTCS] /

driver FTCS vehicle Obstacle Road lleather

Turn on

——

| | |
| | |
Activate | ‘ ‘
| | |
| | |
| | |
| |

|
|
I

Detect_important_components_faj lures

|
Tolerati motor_failure '
|

—o ol
o =

{
<D
=,

\
hmmﬂmdmmmmm%Mm

=
<D
—h

‘ Tolerate‘sensor failure ‘ ‘

Tolerate‘battery failure‘

 [T=E [e

1 1 T T T

Fig. 4.7 Sequence diagram of fault-tolerant control system in top-level use case
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sd [Package] Detect failures )

driver

ftcs

vehicle

Obstacle Road We

ather

_JSKL,) Receive obsta$|e’s disturbance‘

!
|
|

|
H

Receive road's dlsturbance

—

Receive eather S E{sturbance

parallel )

| Monitor driver input

Nohitor vehicle state

L

—

L:]Analyze the sﬁate

:
|

!
\
i
\
\
\

T
|
|

|
\
\
\
u
\
\
\
\
\
\
\

Fig. 4.8 Sequence diagram for the detect faults interaction
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4.10 XM EEFIH S AT LDEZMRT D2 R—r 2 FERT. A VT4

lndicator], ilf#l7 =/ —4% [control allocator], JKFEA 7 —/N— Tstate observer], VSCS

(Vehicle Stability Control System) [HZE(LHIHIS 27 A, BXY, FHEE=a fe—7
[Restructuring Controller] 7> & MHEFEHIGH T A 7 LDMERL S 415 .

PR DR Tdetect faults] DO —7 U ZA[X (K4.8) LV, TNENDA vyE—TT 7
a UEFEMET 5. £T, RIADOANEZERT % [Monitor driver input] O —7% A
Kz d (X 4.11). REEA4 7 — N— TState observer| 1%, 3D N7 A S AJ %5
T 5. 3FHEDO KT A AT &, 727 '/AVOFHH] TMeasure accelerator|, 7 L—F DOFHH]

Measure brake |, 3L, A7 7 U7 D7 [Measure steering] Th 5. LT, £D
TR G & pidmtft A 2 3% 9%  (Calculate desired speed and direction) .
412 IXHFOARAEZ A2 [Tmonitor vehicle state] 03— > AKX Z/R7. IRAEA T
Y= =L, EWPLEIZ 6 HOT—2ZPFTHILaRLTND. Zhbid by

Measure torque |, HijfiEfit f [Measure front steering angle ], =— L— b [Measure yaw rate],
AV w74 IMeasure slip angle |, % [Measure velocity |, 3L T8, /37— [Measure power |
Thb.

413 [XIREEZ YT 2 Tanalyze the state] DI —74 A ZRT . JREES T H—/—
L, R7A N HEmOFHFE R % L (Compare measurement result from driver and vehicle)
L C, #l{#l 7 7 -7 — % (Control allocator) | L ELHL D& SR %52 17 A4 (Receive comparing result)
g DR R %2 b L ITHIEOFE AT 2 (Detect fault) . EFEZRENT 5 &, HIEOHE
DRE S PO T, RO HREZ A > —4 (Indicator) (235 %. A >/ —# (Indicator)
(IR 7 A NSRBI BT D # & R d 5 (Show fault info) .

4.14 1% "V & AlisAe £ HAE A B4R 9 5 Treconfigure motor torque and front steering
angle control] D —7 » A Z R, HHT v — Z ITEPEOHE DR E IIT XD HEE
— RIZXIST AT — R A 85 (Select recovering control) . B D E DK & S RE T
HIUE VSCS ZF]HT 25 (Control vehicle stability) . D%, VSCSIIME 72 kL7 L il
B OE A 5595  (Calculate motor torque and front steering angle) . FtHEMNZE T35 &,
A VHRA—VE—HXIZ hVT OFES (Generate torque), BIFHELAEIZ BIRERAE A DS

(Generate front steering angle) Zi5%. MENEHE THDH L, HHEFEa L fr—7F
(Restructuring Controller) (227015 (R4 Billg S 5728 @ [Start stop safely] DA > tE—
VEED. WIS, HEEar br—T
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sd [_Pack_age] Tolerate_motor_failure

ftecs

"

Gommand chosen control mode

vehicle

Reconfigure_motor_torque_andt

front_steer ing_angle_control

u

|
1

Fig.4.9 Sequence diagram for the tolerate motor fault

bdd [Package] FTC System [Fault-tolerant Control Structure])

<{<block, Syste®

FTCS
1 1 1
<<block>> <<block>> <<block>>
Indicator | State observer VSGS
1
<<block>> <<block>>

Control allocator

Restructuring Gontroller

Fig.4.10 Fault-tolerant control system structure
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sd [Package] Monitor_driver_input J

driver State
observer

paralllel /
alt/

U Measure accelerator

| Measure brake _

Calculate
desired speed
and direction

Fig.4.11 Sequence diagram for the monitor driver input

TEY%ES. RIZ, FEEaY b —F (Restructuring Controller) (R 729D kLo
#FH5H 3% (Calculate deceleration torque) . % L C, JEED =D bV F43 % Rifiwmitic
%% (Decrease torque). [X 415127471y 7 EFRKEZHWT, FTCS &AMBELE T 27
L, RTAN, Hl, BiE, BEEY, RREDAE T o—AEHLMI L. K IFEHR
3127 = —ADMM (usage), MNVERIIA > F 7 =—ZADFAT (realization) &7~
B 4.16 |- d 7wy 7 ERMEZHNT, FICS O R—3 MDA 527 = — 2% H]
ST LT,

NGO —r U AKERWS Z LT, VAT AOREKRESE, BXO, SNHBERENLD
Ay —UT 7 a VOIEFPRA LIRS, £z, K —r U AR ERGTHZ LIk
D, Avk—=U7 7 a8 7 =—AERMEIC LT, RO TR L7
KeA BT 2= ZHADNT, MPESIES 2T DT —F7 7 F ¥ OFFHI DWW T
~ND.
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sd [Package] Monitor_vehicle_state

State Vehicle
observer
I
aral lel
D - / Measure torque
T _ T
' Measure front steering angle'
—l |
T T
. < Measure yaw rate .
T T
. < Measure slip angle .
1 —
| < Measure velocity |

T
[j‘ Measure power
L
| |
P

N

Fig. 4.12 Sequence diagram for the monitor vehicle state

67




State
observer

sd [Package] Analyze the state

Control
allocator

Indicator

Compare megsurement

result from dri

'}/er and
|
|
Tﬂ

Detec@lure

Judge failure sei/erity

Receive clomparing result

vehicle

|

’_

Recei\Je failure state info 0

Driver

A\

o
o
(@]

Show failure iLm—Y|:J

o

Fig. 4.13 Sequence diagram for the analyze the state
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A

w

F

WM

Restructuring

Controller

VSCS

sd [Package] Reconfigure_motor_torque_and_front_steering_angle_control )
Control

allocator

Select recovering contnlol (failure

mode)

i

u

[Normal or mild fa

A
@
1 R
S 5
P
s L
2 o
@ e o
o)) 3 >
: Sy 8
- |+ i5— 1 e — -
= frary o]
] = 3
3] © L
- = 3+
= S 2 o &
R =4 5 o
ES 2 S = (]
= @ @ 23
T © D © ©
me.m — —
o 2 2 2
® 2o |B)o D
OLw = O (&)
wH_‘ i b N I e P
— S
=
K]
©
wn
a
o
o
I
=
S
K]
n
- — — 4 0 — — —|— —

r

opt!

‘ Control vehicle stability ‘

Fig. 4.14 Sequence diagram for the reconfigure motor torque and front steering angle control

In-wheel motor; FSA = Front steering angle)

(IWM
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44 T—FT I F v OtREH

X 4.17 1Z MEV O 7= OMSEERE S AT LOT7 77 4 €T 4K TH D, 3 HITHER
THEORE SIS T DS S 2 T ARLETH 5. MEN LV, BIO,
R DR AN 8 2 IRFIZIE VSCS TG FIRETH H. —F, BEEDOMIEIIFHEEa
m— 7 [Restructuring Controller] ZHWTxfnd 5. 4.2 HillZR L7oBEREE R D—DIC
La7pfE 1k [Stop Safely] AR ENTHY, BEEa L b —F N2 OMEEL EBLT 5.
AT — NA TP = NFHE ORI, BEY, RIAOANEFRIL, W7 OME% g
T5. ZLTC, HEROMREZHIET vr—2I12i%5.

T o r— 2L ORE S L ICHBEOWEDO K E S 2 HWT 5. BEOHED K
& EINEETHAUE, VSCS & VT HT O#fit 2 ELHlH 2 4R % . VSCS 132 D4F
BEZTAN, WA, B, bz oflElEERT S £, ThEnofE
(B gEE LT WE—2 O MLy, BEW, AimEstaoOBE2EHET 5. 20
%, VSCS DM&fitz 2T 57 DICFHE L bvr, BEO, AiwEftf Ol 2 s
ELTHERT 5.

BEOMBEZRMT 5L, oy b o — T 13RI H &5 13 < Il & B
5. F£27, BRIEILT 2 T-DICHERBEOFIGEFHT L. SHENKDL L, 20
EICHEN b7 O ES TS EZHET D, —FHT, RIA42, BRY, ALH#ET
Zxf LIBRICB T D1 lAa A o r— 2 Tiax b, Tl xiE, R4 LTiE, &
vV aR— RIZh HHEI CHEDEREZIEZ D, FUEmICK L TL, T—A 7 7%
RIREE D Z L TiHEDERAE TR T 5.

DT 7T 4 BT 4 M TIE, FICS ORI NHFEDFFE [Fault-tolerant] (2 & D X 9 (1
FHEERT 20E23H L. AT LAOHSE, 7774 7 4 KICBIT 77748
TAREIZE > TREND. K418 1L FTCS DWNEET 1 v 7 K ERT. ZORICLY,
A Z OREREME A R T B 720 ED XY I AR SN D E R L, 2R —3R
NEDOA BT 2= A% HET HTOICHNOND. 777 4 BT 4 N TERINTED
TENDOE 22— LT, ZHET AT LAOENRE 2—Th 5.

4 4.19 1M A EHIE > 27 2 & MEV Ofl#EEN 2R LT\ 5. koM CTHE L
TR ISR > 2 7 L2 R L TEY, ZRITIE S 2Oa K= FREFENT
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Fig. 4.19 Diagram of control structure of MEV with fault-tolerant control system

W5, HFEOWHEDKE SI2XL Y VSCS & [Restructuring Controller] & EH 50 =
FE—ZEBESE L0, ST 2 — 2 BRET L.

BRPEDBED 8 DD T/, BIER R RNGEICY, VSCS BMEH I, i
Far ho—Z3EELARRV. VSCS, BLW, BfEgEay b —Z 36y o fr—4,
BLO, HENLDOT—F 25 L, HEORZRMEEZHRT DT-O0EEEZT 5.

BUR CILEE OMIEZET BRI RF I & W I BREZ T L TV 28, 4% 0
MELE LT, HEOBIENEAE LIZIGE THOEMOEI T2 TE D 2 el s.
FOEHIZIE, FTlLnary he—F 52 RETA0ERD 5.
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5.1 #&m

ARG TIE, MEV OAZEREE T D 2Oz B L, Bt e il s 2
7L (VSCS) IZBET 22T 21TV, TOXIROMFEITo72. BT, =K —
X NOMIEDIHIEBTHDTIFRL, VAT LOMAEMIZE B LTI 28t %
1TV, RERREIT 7 S a Vo 2HE LT, S50, RERRHIET 7 2 a v 28,
HHWNE, BRET DS Z I Lz,

STAMP/STPA O #H % WS DT, 727 v a oA v—V EOIRFRS L OX A
RUTICBAT ARG T 7 v a R TCERWIREN S D, EDTD, T
7 varyOifr, BEY, A IV T ERT 7 AR W THAEH 2GS L
7o et LTAHBEAERICH A RU— REZ@H L, RERRHET 7 v a V&2 RE LT,
Z LT, 53k STAMP/STPA T ha—)Lb—7 LiZHA RU— R&#EHAT5 2 L
TRIE LTEARL RGN T 7 2 2 AER DIHERRE ARSI /A3 2 LR TE k.
KeE LTEARE Rl T 7 v a %, rEd 20367 572912, Dymola ED
Ral—varEHNTEZEHRHNB L OEEORE SO LANLEZRELLE 25,
VSCS X CEIRWRERRHET 7 v a v 2 MR LTz, AR TIIHEOKE S
DL~V ERIRTBEB L OEED 2 DTEHRL, REERHIET 72 a0 Th
VSCS (T & o THIISA ATREZR IR &, VSCS Tt AR ATREZe R 2RI T 27 > 3
VEEEL L. vIalb—Ya v EITo kR, BEORZRREIET 7 a v
FEICTR—F 0 FOMEICEET S Z En3bots. —F, BEORLERM
W72 v a AIHAAERNCRT DRZRHET 27 > a o Th Y, BEDREZ AT
Wr 7 va OMAEDEICI > THEDOALZERGEHT 7 a BNELDZ &
i L7c.

IHIT, FFE L7222, BLY, HEORE IO L~UIESNT, MEV O
HELTENEIZ 6T DM SRR > 2 7 L OGRS 21T > 7. BBERHHS 2T L7 —F% 7
7 F v OMREERIB L O V4 7 = — A% WIHEIC L, MBSE IZEDE, tlsFfiliE >
AT ADT —XT7 7 F v it Uiz, £, BEORZERHET 7> a L OHAI
1%, BREIEEVIRE TG TE DI EE Y I ab—ra VTR LT, £L T,
MHEFRRE S AT MMIRL G T 7 v a COWEORE I EZFEL, T 5=
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V=T BRRSVERDH D I EEHMECT S L EBIZ, VSCS &R AT
L& DRERME A IR LT,

52 SEOEE

A% 1E, MEV OESEL ENEIT RS 2 TS PEHE S 27 LADOFT NN—ZFKG 2 S 5
(CHEET D ERH D, HEOKENSEELZGE TOHEBOETEMFETE D
ERHIEEEN DT, THEEERES 2T 2ZHONWT, SSITRETIMERD L. £
7o, ERMRHTICEILTIE, AT LAOREERICHE R L2t T SMHA(State
Machine hazard Analysis)X> SAHSTD(Safety Analysis Method based on Hierarchical State
Transition Diagram) % i\ /=354 & OGS TE TV, 2 b D FEEZER L2
e, K THEONTRRELERDZLICLD, ZNENOREMT FIEOEN %
SHTL, KVEWEEMAFER TELIFELHETEL2HDEEZLND.
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