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Abstract; To reduce the misoperation of submariners in the complex deep-sea environment and improve the
reliability of human factors, the optimization of the cabin space of manned submersibles is a key method. A series
of optimization research and evaluation have been carried out for the layout of small and confined space by
constructing simulators. Taking Jiaolong as an example, a simulation model for the operating attitudes of
submariners was built based on multi-objective game. In the virtual cabin environment, the multiple targets, tasks,
and factors such as the joint attitude, comfort, and balance of submariners were regarded as a game. According to
the cooperative game framework model of multi-agent system (MAS), a behavior mode hierarchical action meant to
complete multiple differential games. The game algorithm adopted the method of gradient descent and searched the
sub-behavior of the previous step size as the benchmark, so as to quickly obtain the optimal working state of the
virtual submariner. On the basis of negotiation, the Pareto optimal solution set of the optimal equilibrium state
satisfying multiple interests could be obtained by accumulating the results of the optimal equilibrium state through
the differential game of multiple behavior modes. Simulation results show that the submariners could modify their
behaviors under the high-intensity and long-time working environment, exhibiting good applicability, which verifies
the feasibility and effectiveness of the proposed technology. The series of dynamic data obtained by simulation
provides a means to optimize the cabin layout of submersibles and improve the reliability of human factors.

Keywords: manned submersible; cooperative games based on MAS; simulation and optimization; operating

attitude ; multi-objective optimization; human factor reliability

WeHS L8R 2020 02 — 18 BN BRI % 2 [ U A A =) , 308 = LA AR
=) H - -1 = \ Y e LN f M 4 . e
HSTE . % E P L (2016 YFC0300600) s e ts 1k DA P S OB AR R AT R B 9T 5

S AATE (No. v09O11S) LA DIIHLREHF PRI PRAG , 132 T2 AR AT B BB Ak 282 ]
iz A E AN LT ikt 5E (31020190504007 )

PR s £ (1975—) 5 1L i g e [ b3 23 ] R 1969 A7 BF A i
R (1956 |5} B2, 1- /5 S0 BOEMAN I3 1 # A PR 45 T2 07, 7 T

MREEL(1975—) , 5B, #0324 Il N \ N 5
BEEE. Igﬁ%:‘;ﬂ,chcndengkai@ nw)plu. edu. cn %*ﬂ%%%ﬁ%o ﬂ:‘l:/\ 21 ﬁza ’ Fﬁ%ﬁa&u‘{ﬁﬁj&‘* E,:J



- 164 - MoK OE T

%53 &

K, FeE NASA fipas i AT T H b2y €15 8%
i AGARD Tt H LI Ko fuf 22 NLR 3256 % 1) GRACE &
DL BRARITE 0 S o 0 BLASE D28 R B 5 2 ]
DAL s (647 JRy , I B FE AR I R S BUR R R H
o FE PN BTSSR A0 AR G , T 5 T2 A2 1 N
ALas MR IR AR TS R 973 T H |
TAFEA IR RALL I, 3225 xS 3 A
BLI A Z3 5 0 LS TAG J5 T AT 5T

BN IR RGN TT LM —Fh b IS
F 6, 75 AL DU T /NI R A e 2 2R T
SR RO AR o Gl A S5 e 20 1Y) S ) L EA T
fiE 2 A R, AF A I 2 AHLC AR 2R LR AL AT
R EFIE 1 78 B K AR VAT 55, — LR R
S T AT TR AL, A SO T UM LR, 1
HW K A = B 5, IR ST 55 R Sl (5 L
SEPR AR AL B B AR A=) 1 22 SR AR AT
N, 227 AR I8 TR 51 A e AR HPIR S, 153
F NS B T AL TR ER G 0 S5TAs,
DEALHE 25 A1 R 4 e A DR AT SR PR Bt — Rl PR iR AR
1 R ABAKEMEN A
1.1 BABKBRESES

AR R RTE BV E AR T AL Bk AR
ML TAE LS AN B S K R Bl
T3 I oK A S T RE R il 1
R o TBIKAHE S5 Al fa Ak A i IBORE | 5848 A
A Z2 Al AT 55

KA BAEHL AL 2 A A R

I 3R
NI N

b EE]
ki 3 A

Aol /R KSR )Gui_m/

E1 “BErsS”"2GEE
Fig. 1  General layout of Jiaolong
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Fig.2 Cabin layout decomposition based on submariners
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Fig.3 Simplified model of submariner body system
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Fig.4 Route planning of submariners in the cabin space of the

submersible
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Fig.5 Joint comfort assessment function and its range
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Fig.6 Three-level virtual submariner operating attitude structure
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Fig.8 Simulation of operating attitudes of four groups of virtual submariners
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Fig.9 Change trend of submariner comfort assessment
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