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233 249 (Hidden Markov Model,

HMM)E ©] 83t H9E9 dTo/FE T3t oS58ttt ofe] 57k Hube] 7 27t Ueus AdEe] o is A= v
Ak B ALES HlolH & dldbdAdRYe St BaAe] 7]EH U488 SRKBB(Skill-, Rule- and Knowledge-Based
Behavior) 9 7|fto & Biata #F 9 A Bhild A9S G4 FF3 75 dlolEE A&t HMMS HA sl
FHHE 5‘4*0}"1 ADEe] PFofol 3t g FE3Gct A AT, Aut FHEZ AYES] o] fHS MR tEa, o]
5 Bl AR d7IAEe] d5eFe FAY dFo] teds AR A 4 otk FF B AFE A sk AL
3 oS 9% AF T Azbel] 71 ' Webs RAE o H o).

¢ Summary of SRKBB related models and concepts for Stage 1 (Situations)

.. Example Mariner's
Stage Level Definition p
behaviors
i A physical routine behavior

) » In the skill-based domain, including automated, more or less subconscious

Routmme routines, performance is controlled by stored patterns of behavior in a time-space
domain (Rasmussen, 1982).

» Skill-based behavior occurs when workers are extremely expert at their jobs, so
they can do the everyday, routine tasks with little or no thought or conscious
attention (Norman, 2013).

that manipulates the lever
of a Telegraph

L2 » The rule-based domain includes performance in familiar situations controlled by Behavior when a situation
Familiar stored rules for coordination of subroutines. and etrors are typically related to is given and rules or
mechanisms like wrong classification or recognition of situations, erroneous procedures are applied
associations to tasks, or to memory slips in recall of procedures (Rasmussen,
ot 1 1982)
« This level is applicable to tackling familiar problems in which solutions are
governed by stored rules (productions) of the type if (state) then (diagnosis) or if
(state) then (remedial action) (Reason, 1990)

3 . o . . . Behavior when you need to
L3 . *During unfamiliar situations, faced with an environment for which no know-how _ I gl d £
Unfamiliar rely on knowledge o

or rules for control are available from previous encounters, the control of boge e e o
) y ; . navigation for unfamiliar
performance must move to a higher conceptual level, in which performance 1s Stuatiof
goal-controlled and knowledge-based (Rasmussen, 1982).
* Behaviors are necessary when skills- or rules- are either unavailable or inadequate
such that problem solving and planning are called for in order to meet the
demands of the unfamiliar situation (Honless et al., 2006).

Situation

15/# MARIM Lab., Korea Maritime and Ocean University, Korea, http://Awvvww. kmouw.ac.kr
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State transition probability from state 7 o X|BHHEE AL ZET

4 3-state ergodic HMM to state: A = {ay}, ay = =

P(q; |9;), ij=1,-N L AL FEAY EI YN SAR FEE AN N2 CHE FEE EEE > OMM AEH US|
- Ch2 S2to|Solx 2l
Model Ttem Most probable likelihood path and log probability
Symbol 14 23 13 5 1 24 2 15 10
MM (‘)umh (0,1.3) (2,1.0)
Log(p) -1.66 =21 -2.29 -2.49 -3.32 -3.65
HMM 2 Symbol 4 1 17 13 27 2
Log(p) -2.39 -2.62 -2.67 -2.87 1
HMM 3 Symbol 4 1 5 24 15 1
Log(p) =21 -2.16 -2.34 -2.6 33 2
HMM 4 Symbol 15 4 18 27 10 23
Log(p) -2.15 -2.39 -2.66 272 -3.12 -3.19
HMM 5 Symbol 4 27 24 13 2
Log(p) -1.94 255 -3.16 -3.72 -3.81
HMM 6 Symbol 14 4 15 24 1 10
Log(®) 2 -2.08 2 -2.56 -3.04 -3.21
HMM 7 Symbol 1 5 14 15 26 13
Log(p) -4 -181 251 3.02 373 37
MARIM Lab., Korea Maritime and Ocean University, Korea, hitp:/Avw.kmou.ae.kr 44/ MARIM L Koore Maritine cnd Oy Uiversiy, Kora, HOpIhmvinciuai i

+ Results of model for each accidents + Comparison of model

+ MAPE 3.6~13.9

HVMM 1 HMM 2 HVM 3 HMM 4 HMM 5 HMM 6 HMM 7

HMM 1 -542722 588884  -6080.61  -6657.07  -7476.95  -613546  -7268.9
Accident type Model MAPE

HMM 2 -444.381 -408.304 -436.85 -474.816 -532.043 -442.588 -546.813
Collision HMML 9.95

HMM 3 77147 752181  -704099  -859.429  -954.025  -798.049  -919.657
Contact HMM2 917

HMM 4 273422 248946 268698  -232.863 -334.268  -249.049  -340.37
Grounding HMM3 1112
Capsizing HMM4. 13.98 HMM 5 -485.676 -462.516 -449.423 -527.999 -333.449 -498.744 -415.474
Fiieaiid/of Explosion HMMS 422 HMM 6 -339.824 324388  -336.792  -332.316  -405.81 304226  -416.194
Sinking HMME 1210 HMM 7 220145 23041 214625 249291 220708 222367  -181.323
Machinery failure HMMT7 365

MARIM Lab., Korea Maritime and Ocean University, Kovea, http://ivw. kmou.ac. b

MARIM Lab., Korea Maritime and Ocean University, Korea, hitp:/Avw kmou.ac.kr

¢ Parameter estimation result

o DR ALO|2| AEH, D Ato]2] AEHEHA A 4 Zat

Model Terms of transmission. aij
j=1 j=2 =3 Model Items Coefficients and p-Values
HMM 1 i=1 0.5889 0.2077 0.2033 HMM1 HMM2_HMM3
= 0.3449 0.4614 0.1936 HMM1 Coefficient 1 0.900106 0.889849 0.696214 -0.6603 0.798339 -0.32396
04723 0.2352 0.2925 p-Value 0 0.005737  0.007283 0.082276  0.106467 0.031362 0.478434
HMM 2 0.3621 0.3621 0.2759 HMM2 Coefficient 1 0915002 0.837281 -0.62842 0909529 -0.52377
04035 04035 0193 p-Value o 0003763 0018754 0130671 0004501 0227586
. L o = HMM3 Coefficient 1 067876  -0.55853  0.776686 -0.24482
s It 04724 02835 02481 p-Value o 0093623 0.192504 0.039968 0.596723
a(i=2) 05441 0.2353 0.2206
a(i=3) 04348 05319 03333 HMMA4 Coefficient 1 -0.86625 0.949286 -0.77037
HMM 4 20=1) 55755 ) T p-Value 0001< 0011678 0001082 0.042695
ali=2) 0.2821 0.4103 0.3077 HMMS Coefficient 1 -0.80346  0.484351
a(i=3) 0.28 0.44 0.28 p-Value 0.001< 0029494 0.270693
HMM 5 ali=1) 0.7786 01 01214 HMMG Coefficient 1 06429
a(i=2) 0.875 0.0625 0.0625 p-Value [ 0.119357
a(i=3) 0.8421 0.0526 0.1053 HMMT Coefficient 1
HMM 6 a(i=1) 0.4902 0.2941 0.2157 p-Value 0.001<
a(i=2) 0.4474 0.3684 0.1842
a(i=3) 0.3333 0.2963 0.3704 .  coneht
ar or rank
My A=) 0ir9es 4998 0193 a mai ofp-valoes ortefiar e ot b cormeltion st the seraatve th e g nonzess
ali=2) 07273 0.0909 01818 correlation. Each element of PVAL is the p-value for the corresponding element of RHO. If PVAL(i, j) is small, say
a(i=3) 09 04 o less than 0.05, then the correlation RHO. j)is significantly different from zero.
“Pearson (the default) computes Pearson'’s linear comrelation coefficient
MARIM Lab., Korea Maritine and Ocean University, Korea, http:/Anw kimow.ac.kr 264 MARIM Lab., Korea Maritine and Ocean University, Korea, http:/hnknoisac.kv
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