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Comfort evaluation method of FTA-FBN for manned closed cabin

CHEN Dengkai, ZHANG Xian, ZHU Mengya, SUN Yiwei

(Key Laboratory of Industrial Design and Ergonomics Ministry of Industry
and Information Technology ( Northwestern Polytechnical University) , Xi’an 710072, China)

Abstract: To improve the overall comfort of manned closed cabin, enhance the physiological and psychological
comfort and work efficiency of operators, an in-depth study on evaluating the comfort level of manned closed cabin
is conducted. Based on the comprehensive comfort evaluation of the cabin, the basic events affecting the
comprehensive comfort of the cabin are identified with their values ranked in the order of importance so as guide the
design of the manned closed cabin in a highly specific way. A fault tree analysis (FTA) model was advanced for
the comfort of the manned closed cabin. The influencing factors of the comfort of the manned closed cabin were
divided into three intermediate grades: physiological environment, physical factors and subjective feelings, with 17
basic events were extracted. The fuzzy Bayesian networks (FBN) was used for forward diagnosis to evaluate the
overall comfort of manned closed cabin, and reverse causal inference was performed to identify the main causes for
the discomfort of the cabin. In the case study, the overall comfort level of the manned closed laboratory of
Northwestern Polytechnical University was evaluated, the validity and reliability of the FTA-FBN comfort evaluation
approach for manned closed cabin was verified by the subjective evaluation of 16 participants. The influence
probability of each basic event on the overall comfort of the cabin was calculated by backward reasoning and sorted.
The improvement direction of the future closed cabin design was suggested, providing a fresh insight into the
comfort evaluation of manned closed cabin.
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Fig. 1 Flow chart of comfort evaluation for manned closed cabin
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Fig.2 Comfort fault tree model of manned closed cabin
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Fig.3 BN model of comfort of manned closed cabin
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Tab. 2  Triangular fuzzy numbers corresponding to language
variables
P 5 15 = A =R
1 JEHAEE (VN) (0,0,0.1)
2 ANEFIE(N) (0,0.1,0.3)
3 BACRNERIE (SN) (0.1,0.3,0.5)
4 (M) (0.3,0.5,0.7)
5 BRIEFIE (SC) (0.5,0.7,0.9)
6 #PIE(C) (0.7,0.9,1.0)
7 JEHEFE(VC) (0.9,1.0,1.0)
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Fig.4 Layout of laboratory manned closed cabin
x3 BMTRERITHER
Tab.3 Root node expert scoring results
IEF BRL  RFR2  LFE3 LF4
X, M SC M M
X, C sc C sc
X M c C SN
Xy C C C SC
X; sc c C sc
Xe SC C C VG
X, SC SC SC SC
X M M M M
X, c M SN sc
Xy SN sc M sC
X SN SC SN M
X SN C C SC
X3 C sc M sc
Xy SC SC M SC
Xis M sc M sC
X6 SN c SN M
Xiz M sC M M
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Tab.4  Prior probabilities of root nodes

EELAD SER R EELAD SeR R
X 0.550 Xio 0.550
X, 0.788 X 0.450
X, 0.638 Xp 0.688
X, 0.831 X3 0.693
Xs 0.788 Xy 0.650
X 0.856 X5 0. 600
Xx; 0.700 X6 0.494
Xg 0. 500 Xy 0.550
X, 0.594
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Tab.5 Node C, conditional probability table

X3 Xy X5 SRR FFEMERAE %

0 0 0 P(C 1 X;3X,4X;5) 100
0 0 1 P(CX5X,X)5) 85
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0o 1 1 P(C X3 X1u X 5) 35
1 0 0 P(CX 53X, X)) 65
1 0 1 P(CX5X,,X)5) 40
1 1 0 P(CX 53X, X)5) 15
1 1 1 P(C1X5X,X)5) 0
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Tab.6  All probability values of leaf nodes and intermediate nodes

THA R T EXUES
A 0.587 B, 0.730
B, 0.578 B, 0.512
o 0.672 C, 0.553
C, 0. 564 C, 0. 664
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Fig.5 Bayesian network calculation diagram for comfort of manned closed cabin
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Fig. 6 Radar chart for comfort evaluation of manned closed
cabin
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Tab.7 Bayesian network backward inference root node scores
b S SAER Eistun J S A
P(X,14) 0.538 P(X,y14) 0.651
P(X,14) 0.779 P(X,,14) 0.404
P(X;14) 0.623 P(X,14) 0.651
P(X,414) 0.821 P(Xj514) 0.670
P(X514) 0.770 P(X,414) 0.622
P(Xg14) 0.848 P(X514) 0.587
P(X;14) 0. 680 P(X,,14) 0.327
P(XglA) 0.484 P(X;14) 0.472
P(Xy14) 0.573
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