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Abstract; In order to monitor the risk during the navigation of MASS, the safety control structure of
MASS was constructed based on System-theoretic Accident Model and Process (STAMP). STPA was used
to define the losses/accidents and system-level hazards, identify unsafe control actions, analyze loss
scenarios, and construct an accident model for system state transition. FTPN was used to model the
process model, and a given MASS navigation situation was used to obtain the relevant fuzzy time functions

and to project the situational evolution of FTPN. A new risk level expression was introduced, and a two-
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dimensional path diagram of system loss/accident was used to visualize the real-time system risk level and

system unsafe states transition paths. The results show that at the current moment of the set navigation

situation, no safe water depth input, no updated collision avoidance path, unsafe heading and speed, and

grounding are the highest risk system unsafe states and correspond to the four highest risk transition paths.

The study shows that the FTPN process model driven by STPA can comprehensively assess the real-time

risk level of MASS navigation. Visualize real-time risk with a two-dimensional path diagram of real-time

losses/accidents of the system, which can monitor the unsafe system states during MASS navigation and

describe their transition paths.
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Fig.4 FTPN process model in the case study
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Table 3 Description of the transitions in the case study
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T, xP, | PPy Py | dy(1) =(192,213,213,216) Ty xP, | PPy Py dp(7) = ®
T, x Py, PPy, d,(t) = (167,188,188,211) Ty x Py, PPy, dy(1) =
Tsx Py | PPy Py ds(7) = (139,145,145,157) rsxpP, | PPy Py, d (1) = o
T, X Py, PPy de(7) = (267,278,278,356) T, x Py, PPy, dis(t) = (14,14,14,14)
Tex P, | PPy Py d,(7) =(28,28,28,28) Tox Py | PPy Py dig(T) = (14,14,14,14)
T, x Py, PPy dy(7) =(0,0,0,0) Ty x Py, PPy, d,(7) = (0,0,0,0)
T, x Py, P, Py Py, dy(1) = (274,306,306,396) T, x P, PPy Py, d (1) =(28,28,28,28)

W TEEEEE C = {c,,cp,c5,¢,} B R =
[(7,,0) |0 =1,2, X} HKHEEEAE 50 5 B 1Y AN [
Sl E —HEA bR R, TS B SE R RGE I R/
P YERRACIE (18 5) o Horp YR REA L 4
RS AETTOTI A ] 7, BRI R 10 B4 50 5%
J& n, It H R GUIR S b e e AR 1Y Rl REE LA 22
R B R IV AT RE TR A

TE YT 2 FNEREE T 1 R G0/ bl — 4E i
TRl v AU B 1Y) 3R GRS M A AR B WL AR
3k, [ A o Xl N R ST 26 A AT TR Y
RGN AR AR By | R A 7 [A) 7 28 € X Ja
W IR RGN L RS ATRE e kA S, i
TE M, I 2, 2% 2 v AU B 8 AN 22 42 R GRS 7331
KLy U, Hy A, 615 ,/P, = |P, ,P, P, P, P, ,
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Table 5 Case evolution and calculation results of FTPN in the case study
& = = Eine] fEH B0 (7,,Q,)
¢, LE P u/Py {PLg,PL3,1,(O,O,O,O)} (0,1)
Py L/Py [Py PPy ,2,(177,190,190,207) | (191,1)
c Uz
’ = Py, /Py, [Py, Py Py >,2, (390,449,449, 564) | (468,0)
P WPy [Py PPy Py ,3,(290,310,310,339) | (313.0)
B L/Py, [Py Py Py Py .3,(390,449,449 564) | (468.0)
b L/Py, {PHZ,PL3PL1PH2,3,(344,378,378,418)} (380,0)
H
o ’ t2/PH2 %PHZ’PI,3PIJ4PH2$39°° ! (o ,0)
C3 =
3 , u/Py, %P”3,PIBPUIP"},3,(444,468,468,563)E (492,0)
" /Py, [Py, PPy Py .3, (404,463,463,578) | (482.0)
. /Py, [Py, PPy Py ,3,(177,190,190,207) | (191,1)
H
! L/Py, [Py PPy Py 3,(390,449,449,564) | (468,0)
L/Py {P*l’P“3P“1P”2P*‘1’4’(482’523’523’555>i (520,0. 348)
p tZ/PAl %PAI ’PT.SPU]PHZPA] 4, | (e ,0)
h /Py [P, P, Py Py, P, 4, (483,523,523,575) | (527,0. 445)
N t4/PA1 iP,-\I’PLBPUAPHZPA1749°° f (e ,0)
e =
' - WP [P, Py Py Py P, 4,(472,496,496,591) | (520,0. 566)
L/P, [P, PPy Py Py .4, (418,477,477,592) | (496,0. 828)
P—\
-2
t/P [Py, P Py Py Py 4, (451,496,496 ,603) | (517.0.779)
WP, [P, P Py Py Py 4, (418,477,477,592) | (496,0. 828)

0.0/, 1 t/E.0

/s
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B
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Fig.5 Two-dimensional path diagramof the

losses or accidents at the moment of M,
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