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Abstract: To construct a human-machine interaction ( HMI) information structure model of manned submersible
under complex tasks and improve the understanding of submersible cockpit designers on the cognitive process of
oceanauts for mission information, this paper proposes a construction method of all elements hierarchical structure
model with impact factors based on decision ladder (DL) and DEMATEL-ISM method. Taking a near-bottom
operation of a manned submersible as the object, DI was used to analyze the task information demand and
processing process of the oceanaut, and identify the elements and relations of HMI information. The comprehensive
impact matrix and attribute eigenvalues were calculated based on DEMATEL. Combined with the research purpose,
the threshold calculation method of the overall impact matrix and the discriminant formula of the reachability matrix
were improved to obtain the reachability matrix containing impact factors. Then, a stable cause-effect hierarchy
structure was extracted by the method of anti-rotation hierarchy extraction, and a fuzzy operator pair was introduced
to calculate the skeleton matrix with influence value. The HMI information structure model containing influence
value was constructed by combining the hierarchical structure. Results show that a six-layer directed weighted
structure model consisting of 31 interactive information elements and their relations was obtained, and the
effectiveness of the proposed method in ensuring node integrity, optimizing the hierarchical structure, and
quantifying factor relations was proved through scheme comparison. The obtained model defines the attribute
characteristics, causative relationship, and causative degree of HMI information elements, which has good
explanatory power for the HMI information processing process based on the cognition of the oceanaut under complex
tasks and can provide theoretical basis for the design of HMI information of manned submersible cabin.
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Fig. 1 Analysis framework of structure of mission-oriented manned submersible HMI information system
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Fig.2  Analysis process of structure of mission-oriented manned Fig.3 Decision ladder
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Tab.1 HMI information elements of mission-oriented manned submersible

i FEREE 45 P FEREX 5
1 K Hb A AR Z, 17 VAL ] Zy
2 R Z, 18 WA an
3 i Zy 19 RN eSS Zy
4 RER (LT ) Z, 20 WL Zy
5 EERE (7K AE PC) Zs 21 AR Z
6 DEEFIRLBE R RE Zs 22 B BARE Zn
7 IR HLST (AR5 W PC) Z 23 WHERGARD 7
8 R (ER BT ) Zg 24 BT il 24
9 T IV I I Zy 25 B T8 ik Zss
10 SR BARAHXT AL B Zy 26 JE# Zng
11 MUATHE Zy 27 LW B Zy
12 KB BEA Zy, 28 KTOCIE Y 2
13 WEEAEML B bR (W H ) Zy3 29 KRR Zo
14 pUE-ZASEANE AR o) Zy 30 AR RGF R Zy
15 BRSO B Zys 31 T B A 5 4 Z3
16 WA AU B AL Zis




.58 - R

S N N S

%54 %

2.1.2  HENT ELHERZ A
HTEEBERE Z, 85 ARG S bR AT 55
B S BT R e P, B BUE B R (]
MZBHER, Pha(i=1,2,-,31;=1,2,-31) %
TS OBL P, W Z, % Z, B RRRZIACR 5 LT
o[ IOWARER Bz s AP )
10,7, X 7 AR G A
i iR P, A (R BB K PE(2) 15 8%
W B A B 28 B I R A D
A" = (ay) s (2)
A, i =) 0 a) =0, RIRFEIRXT A B TCH MW,
GAESMBIER MR, MK (3) 15 514
AMESS I E BE R HiE A AR

8
A=Y A" = (a).a (3)
k=1

ok, 0 2, % 7, B,
X ELHE I S A M b HA S 00
fe ELH MR © )
1

c.=———a, (4)

i FT
max > a,

Kol e, WIES T 2, A 2, 09 (0 B R G

31

Hi=j HTJ',cij =0,
2.2 E T DI-DEMATEL-ISM W AKX EfE B
SEMNEEITER S
2.2.1  THELEG RE A
FEE R RGN, & ZE R W bR B M A R
AHEL I B 55 (8] 422 52 ), 5 & DEMATEL-ISM. £ B 5
2 A= (5) , B

T=C(I-C)"" (5)
BRI VAL HAG B G RWMMEE T, b 1 ¥

HFE
2.2.2 [FREREMIT

I (6) ~ (9) I HIZIES THEER Z,
AR EE m, FTHRGE n, B

31
fi= 2, =12, 31) (6)
e = 21y, (i =1,2,+,31) (7)
j=1
m; :fi""ei’ (L:192a’31) (8>
ni:_fi,_ei’ (i:192’“'731) (9)

KPR £ WEGESEWERE T Z, Frefi 1y
L BSEEE e, FAEFE T o Z, PRAESI5IA, {5 B2
REFE(EI LRI 2,

N S =
e, max Xa, WHEFF A AT Z KM, 0<c; <1,
sis3lj=
R2 BANEBKBANLZERESER DEMATEL 4R
Tab.2 DEMATEL analysis results of HMI information elements of manned submersible
HEER RN B BOE b Ji P FEER S JEE B BE b Jir PR 2
Z, 0.123 4 0.1111 0.234 6 0.012 3 Z\ 0.123 4 0.680 0 0.803 4 -0.556 5
Z, 0.3580 0.1111 0.469 1 0.246 9 Zg 0.123 4 0.4112 0.534 7 -0.28717
Zy 0 0.124 8 0.124 8 -0.124 8 Zyg 0.123 4 0.642 9 0.766 4 -0.5195
Z, 0.989 5 0.3333 1.3228 0.656 2 Zy, 1.684 2 0 1.684 2 1.684 2
Zs 0.470 6 1.418 8 1.889 4 -0.948 2 Zy 0.1111 0. 606 5 0.717 6 -0.495 4
Zg 0 0.123 4 0.123 5 -0.1235 Zy 0 0.178 5 0.178 5 -0.178 5
Z; 0.1111 0.123 4 0.234 6 -0.012 3 Zy 0 0.300 1 0.300 1 -0.300 1
Zy 0.234 5 0.1111 0.3457 0.123 5 Zoy 0.2222 0.3950 0.617 3 -0.172 8
Zy 0.441 8 0.1111 0.5529 0.3307 Zss 0.1111 0.1550 0.1550 -0.1550
Z 0.827 2 0.3333 1.160 6 0.493 9 Zag 0 0.306 0 0.417 1 -0.194 9
Z 0.988 1 1.367 5 2.3557 -0.379 4 Zy 0 0.135 8 0.135 8 -0.1358
Z, 0.776 1 0 0.776 1 0.776 1 Zag 0 0.234 6 0.234 6 -0.2346
Z, 0.744 9 0 0.744 9 0.744 9 Zng 0 0 0 0
m 0.246 9 0.2222 0.469 1 0.024 7 Z3 0 0 0 0
Zys 0 0.138 6 0.138 5 -0.1385 Zy 0 0 0 0
Zis 0.1111 0.246 9 0.358 0 -0.1385
2.3 ANZERFEBXRHALAERETERERLS b 1 AR

2.3.1 AR E
TELES AR T 2aml F ARPE (10) 155 %%
EN=ATESE ey 7 AREl

H=I+T (10)

BT RAGEWAE R H, 0B IER T A, L&
FEVR AR R R LB N, AL R G454

A AEHUEE R, SRR G A T ] 5, 25 U
SURANNE (=E 7N (I PR Ui i - £ g OB S N (e



LERVR |

I, A AT S5 BN TEK S AWML ELAR 5K B - 59 -

I, AN MRE R e BT ORAIE R G A5 H T i,
iz e B 24 2 B K-means X} A R{EEGHITER
KorHr, 2 B TURr U E K R KT LG
Bk =5 MR/ BN — i R RS AN AE R
Fref msl oy 453 9 (B 4R G i 28 5 T bz SR 2 by
. WA R AT LR, e B E T+ A HUE N
0.000 4.0.076 9.0.188 0,0.3333.0.478 6, W33,
*3 WHAEEBERFITEER

Tab.3 Calculation results of reachable matrix correction factor

BTl Ay BT AMH
1 /h 0.016 7 0.000 4
2 BN 0.113 9 0.076 9
3 — 0.2180 0.188 0
4 LGN 0.349 4 0.333 3
5 X 0.478 6 0.478 6

W1 IE B iy NS A H 153 2R A
MR AR (A = 0 B, R B A B H ) 221 453
PR R AR B E (K 4(a) ) RIFRERE
W (4 (b)), anlsl 4 Fis,

HI I 4 A0, 24 A g 0.000 4 B X 5 RE e
TR E AR E A =0 BRI, Y A =
0. 076 9Bt —F M R, RIBTAf R 715 B 2R 1%
Bk IR E B IER T 0.076 9, i = (11) 3
BAFTRHIE R = () 505, HI

hyh; >0.076 9 ,
ry = (i=1,2,-313=1,2,--31)

0, h;<0.0769

(11)
A by vy 530 B AR W S B R AT 3K 46 FF R
H Z, XF Z, BSE IR
2.3.2 MW EAG BERERN 5

FR(12) ~ (14) R BE R AT k4
M(Z,) SEf4E N(Z) FidkRldE o(z,) R

M(Z) =1Zla;#0} (12)
N(Z,) = 1Zla, #0] (13)
O(Zz) =M(Zi)ﬁN(Z£) (14)

AWM (Z,) 0 7, B ESR E B 2R,

N(Z,) R EZs s m 2, W5 BB R E,

Sy P Al 2 R A5 T AL AE A v ) S A

FR RHLGEA XU 2R E ROk B

L=1\Z\Z eZ -1, - —1,_,,M(Z) =0(Z,) |
(15)

~1,1.N(Z) =0(Z)) |
(16)
K, L RS | U 2 RZ S, DAE R - i
eI B oA, R (15) i R
MOREE R BN 1 2464, WAl FE b Rl BR 1, 48
br KPR (16) , FER 1, BRAENEHEESE 1 2
Bbn, DACES 4T |, B2 P = M bR, IS 2
TRUICA Ly Ly Ly -+ o [RIBR, AAH S A58 484

N SR AR — S5 SR 2R 25 R, R 4,

L=1Z1ZeZ -1, -

1.75
1.50}
1.25}
1.00}
0.75F |
0.50 /|
025 [ /N oA !
0““.}“' ;;\\
2 4 6 8 10 1214 16 18 20 22 24 26 28 30
BERERTA
(a) TR BREAR LB

IS

R

oF

T RUGREE s

257
20
151
10

5 RN 4Un

W

BIE
b)) EREXRZER
4 AEATHXREEERESETRAHSESTAEITELER

Fig.4 Calculation results of node number and node degree of
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Fig.5 Hierarchical structure model of mission-oriented manned submersible HMI information system
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