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Evaluation of pilot comfort performance based on FPN method

HU Shenping, LIU Lingling, XI Yongtao, ZHANG Xinxin
(Merchant Marine College, Shanghai Maritime University, Shanghai 201306, China)

Abstract; In order to improve the pilot’s operational comfort, a combined evaluation method based on
FPN and FRA was proposed. First, a multi-factor coupled FPN network topology was established for the
uncertainty information of the influencing factors of operational comfort. Then, the optimal combination
weights were determined by the game theoretic assignment method. An algorithm combining the inter-layer
correlation to determine the ecritical importance, analytic hierarchy process and fuzzy reasoning was
proposed to establish a FRA based on subjective and objective weights. The confidence and state matrices
were solved by iterative solution of the library. Finally, combined with the scenario data of ship pilotage in
Shanghai harbor, the operational comfort of pilots was evaluated through the application of FRA based on
FPN. The results show that the environment and pilotage equipment are the key factors affecting the
comfort of their operation. The comfort level of pilotage operation in winter and summer corresponds to
"less comfortable" , and " more comfortable" in May. The proposed method fully reflects the coupled

nature of the factors influencing the comfort of the system.
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Fig.1 Comfort evaluation index system of pilot operation
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Fig.2 Changes in temperature, wave height, wind speed

and fog in waters of Shanghai port in January
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Fig.3 FPN model for pilot operating comfort evaluation
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S 3.992 8, [0.03437°T 0 0.2 0.4 0.3 0.1]
3.2.2 SIATEEMNESHEELESIEMN 0.013 1 0 02 03 04 0.1
T T T A B A B SR AT A A T AR B w, 0.027 8 0 01 02 04 03
W, W w, w, Bl Q=10.88,0.98,0.89,0.99, 0.0005) 10 0 01 05 04
0.951 , M FI bR Ak 4 A BT 515 4 0. 95, gﬁi g %13f328§
A (14) , RIS R G EF G E LA TN A . ' ' '

(1) ﬁ?rgd %?“ O ; 0.035] | 0 0.1 02 05 02| 0 .
§=w,xf,=3.793 2 JOBIREP BTS00 | 0 0 05 03 02|97
4 Yy ik 1 S S E T == =
ém%%i%%Iﬂﬂlﬁﬂ’]%ﬁﬂ“ﬂﬁﬁﬁ*ﬁéﬂ% ﬁ[o [F] 0.046 6 0 01 02 05 0.2
U RORAE p, ARG PP EN 4. 331 5, p, RUEFIE 0.0239] |0.1 0.1 0.3 0.4 0.1
FEVEE N 3. 747 3, p, WIEFIS FEIFAMME A 4. 161 8, 0.2086/ | 0 0 O 1 0
po IEFEE FEVEM{E N 3. 668 2, 0.093/ [0 0 02 07 0.1
3.3 THER 0.131 8 0 0 0O 07 03

10.080 9 0 0 0 08 0.2]

K0 FRA RGPS B RGEEME. %1 Ay
P38 FE VA ) £ FIORE R, PR &7 3 B2 52 e R 3R A AR
HEAT AR 4 232 5, 45 B 68 E R G IF M A R
3.993 8 Xf B I EFE EPEMAFH R 1T,

IS, S B A | O 1
ARG B WAIIL p, WIFA{E N 4.921 8, p, KT
M E R 3.824 1, p, ITHME R 4.676 5, p, HFH
H 4 3.743 5,



hoE e B o $i34%
<74 - China  Safety Science Journal 20244
3.4 FHRIERSHHTE
BT B 3 MOTIETHEAR P S 12 A A EFE EEPEOME, Wk 6 R
6 O FPNR 5] N T {5 0.8
EIFPNGI AT f5 12
49218 = B
S — 46765 0.7

14.9222

i

///////;V\

7"\
46762 @ 37 :3 5

3.8238

B ERELR A VPME

s %

?3///?////?/

FL
hE Bas” 9

0.2
1 2 3 6 9 10 11 12
A6
(b) EFEREIFH SR
55
50+t
=
B 4.5
4o
ﬁ
4.0
1)
%2
3.5
30 e ‘
plpzplp-lpﬁp(vp7pXp‘)pmp!!plzpllpllpwp!(wpﬁplx
=% FabR
(D) ZZHBIFFNER
FMER

Fig. 6 Results of overall evaluation

Wa Wh wd
%773
(a) 3FpIFVEN g R
8 -+ FPN
7 —— FPN5| AT {5 3
----- HOBER 8
a 6
s
Bk
4o
%S
4
hu]
% 4
3
I 2 3 4 5 6 7 8 9 10 11 12
(©) ZRIBWHIER
Be %RE
& 6 ml g,

1) BT FPN 5] ARAE B2 A9 &7 38 B2 PP 7 0
T 51 AR &7 18 BE [ 8, 10T IR L8 A 75 TR Fh
SO PR 2, 25 A A RS R T I PR 25 51, 5 BB
WG bR Bt 0 R R S & AR B T E B, 380t FRA 3K
BCH bR ] {5 B PR TR AR, o 8 Z BUE
HARGETE LA E, 7E— & B L rl ko
F A [l A ST 25 S IRl 2 e, B 6a
AT L TR EIE 53T FPN J1E H A6 1 27
BVEM LS R 2E N, T FPN 5 AR5 BE A9 7T
W&l AR /N (B = 2 P &5 R 7 5 B AR 25
O R P L P T AR — 2, E B S 4 S R
HA—EmE .,

) 2AAGT, 12,12 A 6.7.8 ALHI%T
RN L ,S ARV, KA A ¥, R4

BEFAT R (15T 6b) |, H i 5 D R G AN EFIE P 1)
PEINER 0T e e Hh AR W R R A A T P42 | b — 2D 2R i
ANEFIEE DR T T AR 3 B 75 AR A
FUREE . FES Il R p, B0 % B S ITAH 5 i
w IRBTRRRE , R AR G A R A 1 X AN [ 114
TR, LLORBES L 5% f) 22 4= FIET I /R

3) RGHFIEE 2 Z BN REEA R, Ko, 5l
FUL B AN S Ul T5 v O 235 VA (X DL 6 1 18 45 4%
I, T PR8N 5 AR S 25 AP G BE 2R PP EL T
YiIX = F SRR 1% RGP B i B2 R e
Z AP N R IL R S AT B O 45 5%, 7 250
HEEE R (18 6c)

4) 1A 4 ZEEFIE EERE RN (R, R INERBE I 3R <
SIS < IR AL J7 2 <5 I B3 I, SR R
EASEIIGINIiPSHEsoes ATER Wastl: sce Sib)H



4 4

B2 BT RO Petri 905 1AL 53 /5 Ml &F 3 BE T 75 -

IR R 2R R M TR 2R 5 LA 5 2 RN 5 A
P Z AR BRI |, 5 1 s 5 | At i AR DRI A 45
2, TR IR UE SCH AR R A (& 6¢) .

5) FEMRBEIR R 18735 B R bR PE (A, TR <
AT <Z5 1 <R 5 , 22 A Bk 22 52 s 30 XL TR R AT g
JIRIR R ASD 38 75 8 5 DG L EE TN 3515, X itk , &5
ik 2] W G AR 00, SR BN X it , 5 LA B S ] R
EGAE R TR B AR RS ST VE L, MR AR S
By ET G B (Bl 6d) o

4 & it

1) 5T FPN #4544, 51 A AHP-CRITIC 5
FRA 55055 R —FhEE T 7 AR H e Mg B b 21
ETIE FEE i A8 B AlE B Ak 7 =X, 73 A s
AR B 255 B ()52 ) R 2R 3P AR 7 =X, IPEAR 45
IRATRIE R GEEFIE 1 22 5, 0 RGUET I8 FE TP 4 it

BT

2) WEFEG UL AR A &F 3 R 7K A B
TR 2 OB, 455 5 U0 53 VRl R A B i o B
AL N AL IE FR7 4 RJ7 TN ST S ARl T 1 B2
AREE RN, R G 98  LE & P e bs A B T
SEHU HAT I BE 25 5 PP

3) DL S I AL B O BEAS TR, 73
HrE2 5 A b3 1ol 3R e T ad B X, o P 2R e 4
B BOET E B LA 5 B, FE 00 5 I8 T 738
W DR~ 22 6] R 2 P T A 2 B b T A
UL Y EF 18 B B A PR 22 57 . I TT IR IRAY
AT ILBRIE O, PEO S R B Oz AR
SR AR IURCHE FIET 15 BT S R A JE i

4) SCHBIESE B RE T 5 UL B3R &7 36 B2 VP A
PRI AR EE | TITESE b (A AL 5 T A AE T 200 20 48
of FEARR BRI Pt ot — A

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

2 % X #

CHEN Feiyu, FU Ming, LI Yayun, et al. A numerical tool for assessing human thermal safety and thermal comfort in
cold-weather activities [ J]. International Journal of Biometeorology, 2023, 67(2) . 377-388.

ZHANG Jikui, JIANG Nan, ZHOU Chuanbo, et al. Quantitative evaluation method of human comfort under the influence
of blast vibration based on human physiological indexes and its application [ J]. Applied Acoustics, 2023, 202. DOI.
10. 1016/J. APACOUST. 2022. 109175.

SHE, S, KB, 5. SRR FHEUARDSRASSHENNL]. PERZE
180-186.

NIE Xingxin, FENG Shanshan, ZHANG Shudu, et al. Dynamic comfort evaluation for operators in high-altitude
mines [ J]. China Safety Science Journal, 2020, 30(1) . 180-186.

RS2, 2020, 30(1):

FENG Chaoqing, MA Fengge, WANG Rui,et al. A thermal comfort evaluation on vehicular environments based on local
human body thermal sensations [J]. Results in Engineering, 2023, 17. DOI. 10. 1016/]. RINENG. 2023. 100907.

LEI Tzehuan, LAN Li, WANG Faming. Indoor thermal comfort research using human participants: guidelines and a
checklist for experimental design [ J]. Journal of Thermal Biology, 2023, 113 DOI. 10. 1016/]. jtherbio. 2023. 103506.
REW, R, KB, BEFIEREMEZSIHBR T ABKEEEHARI]. LESMREFIR, 2014,14(3)
80-83.

JING Guoxun, LI Huan, ZHANG Kun. On the comprehensive evaluation of the worker comfort based on multi-stage fuzzy
synthetic judgment [ J]. Journal of Safety and Environment, 2014, 14(3). 80-83.

PR, TYR, D56, UHNERDITA-RIBHFRUEYT HARSEENNDPONAEL)]. SRS
K, 2015,22(4) . 12-16.

NA Hanchu, LI Xibing, MA Chunde. Application of the modified AHP-fuzzy method to the assessment of the mining
personal comfort degree [ J]. Journal of Safety and Environment, 2015, 22(4) . 12-16.

SEM, 2FR, TXE. BT\ SRV HENSRRAY HIMREERINNPONAELI]. 225N
BTH2, 2020,27(5) :177-83.

GAO Jia'nan, WU Fengliang, LI Wenfu. Application of least square method based optimal combined weight model in
comfort evaluation of mine environment [ J]. Safety and Environmental Engineering, 2020, 27(5) . 177-183.

THIE, XEE, LR85 EF700H BP BENBSHEANERSEETNS O], ZBHl T, 2021,



hoE e B o $34%

- 76 - China  Safety Science Journal 20244
28(7) :1437-1 445.
WANG Xiaohui, LIU Jinglei, BIAN Huijuan, et al. Prediction and analysis of indoor environmental thermal comfort
based on improved BP neural Network [ J7]. Control Engineering, 2021, 28(7) . 1437-1445.
[10] BB, KEk, KEH. HABHMLE FTA-FBN SFEE L DALN]. BIVE LI ARZFIR, 2023,55(4)
100-106.
CHEN Dengkai, ZHANG Xian, ZHU Mengya. Comfort evaluation method of FTA-FBN for manned closed cabin [ J].
Journal of Harbin Institute of Technology, 2023,55(4) . 100-106.
(1] sKim, @R, BREH,F. BABKSRBETBESMEGILTAL]. BRELIWASFZER, 2019, 51(10):
83-89, 193.
ZHANG Shuai, HE Weiping, CHEN Dengkai, et al. Compound evaluation method for cabin comfort of manned
submersible [ J]. Journal of Harbin Institute of Technology, 2019, 51(10). 83-89, 193.
(12] ZHOU Jianfeng, RENIERS G, ZHANG Laobing. A weighted fuzzy Petri-net based approach for security risk assessment
in the chemical industry [ J]. Chemical Engineering Science, 2017, 174. 136-145.
[13] CHEN Shihai, ZHANG Zihua, WU Jian. Human comfort evaluation criteria for blast planning [ J]. Environmental Earth
Sciences, 2015, 74(4) . 2919-2923.
(14] JOHANN F A, CARLOS M E N, RICARDO F L S. Wind-induced motion on tall buildings: a comfort criteria
overview [ J]. Journal of Wind Engineering and Industrial Aerodynamics, 2015, 142, 26-42.
(15] EIE. ET Peri MERNSHSLIININMELZ EXMUARL)]. PEZENZFHR, 2022,32(38 1) :57-62.
WANG Meng. Study on safety risk of external environment along high-speed rail based on Petri net model [ J]. China
Safety Science Journal, 2022, 32(S1). 57-62.
[16] CHANG Yuanjiang, WU Xiangfei, CHEN Guoming, et al. Comprehensive risk assessment of deepwater drilling riser
using fuzzy Petri net model [ J]. Process Safety and Environmental Protection, 2018, 117. 483-497.
(17] T8, 0%, T2, 5. EFO0HEY AHP-CRITIC-MARCOS BB MR ENXITGTTEL]. BHRGIRP D&,
2023,51(3) :164-172.
WANG Min, ZOU Jie, WANG Huilin, et al. Improved AHP-CRITIC-MARCOS-based risk assessment method for
distribution network equipment [ J]. Power System Protection and Control, 2023, 51(3). 164-172.
(18] EBE, T, K=,%5. WEBARENAGH CRITIC IRYBIHNENLEE VIKOR ZEMRE[]]). RALIESS
SRR, 2023,45(1) :155-164.
WANG Jianhao, WANG Long, ZHANG Liang, et al. Supplier selection VIKOR multi-attribute decision making of grey
group clustering and Improved CRITIC weighting [J]. Systems Engineering and Electronics, 2023 45(1) . 155-164.
[19] KB, AR, £8.%F ETRFASENOERBTEMEERRR BB S/ 0L]. EHSRR  1-9.
[2024-01-23]. https ://doi. org/10. 13195/]. kzyjc. 2022. 1741.
ZHANG Qian, HUANG Darong, WANG Jing, et al. Vulnerability assessment of active phased array radar transceiver
based on game combination weighting [ J/OL]. Control and Decision: 1-9. [2024 -01-23]. https://doi. org/
10. 13195/]. kzyje. 2022. 1741.
EE®E S AEF (1974—) 5 WO Wb #, TENF R THE TR Za TR KL
AZ 3 KU S PR A T AT . E-mail . sphu@ shmtu. edu. cn,



