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Abstract Purpose/significance The paper takes a systematic analysis of the hierarchical relationships and relative importance of
the various technological influencing factors. It has theoretical value and practical significance for accelerating the development and con—
struction of smart port. Method/process Through literature research and expert interviews the technological factors for smart port de—
velopment are extracted and the cause—effect analysis of each factor is carried out by using DEMATEL~ISM method. Based on aggrega—
tion degree and hierarchical relationship of several factors the technological factors are divided into strong driving factors driving factors
and characteristic factors. Result/conclusion The research results show that network security artificial intelligence internet of things
and big data are the core elements for smart port development. Then the paper puts forward some suggestions such as using mobile Inter—
net to break the restriction of the basic communication network of the port realizing the interconnection of all things in the port enabling
artificial intelligence to obtain more comprehensive data according to different purposes and needs of each port so as to make the port tru—
ly become “Smart”.

Keywords: industrial technology; smart port; technological factors; DEMATEL; ISM

12020-02-24
% “ ”( - 18692109700) .
(1985—) ; (1988—)
; (1981—) o

54



2020 6 DEMATEL-ISM 6 ( 2712 )
7 “ N - DEMATEL
i "o A .Okada
2
11-12
0 ISM Warfield 1974
3.
4.
5
N . ISM
B ISM
o AHP o
( Decision Making Trial and Evalu— 1.2 DEMATEL-ISM
ation Laboratory DEMATEL) DEMATEL
6.
Grey - DEMATEL
T (In-  ISM
terpretative Structural Modeling ISM)
8 .
ISM NK
> o DEMATEL-ISM
DEMATEL  ISM 1 o
DEMATEL  ISM
DEMATEL-ISM

1 DEMATEL-ISM

1.1
DEMATEL
1972—1976

Battelle

DEMATEL N
10 DE_
MATEL

fi s o fue

(1)
DEMATEL-ISM

55



2020 6 6 ( 272 )
T —— I
—>> $&H 1) 7 —Pp e BRI REF |
I I
. - |
; v ;
x | % w| || s ||
| ®x x| ,
w | #| v .
B | @ 23 ] ey L — I
s | SRR T PACEREL |
|4 | + | : l |
5{2 Y 1 I, |
g — i RGEHEE — || EIMEmREE :| RIS WAR H :
I
i A I + |I ‘4— BEBE L )
7N I | : |
A 1| SHBERXRE |1 ATTAHERE K I
| Iy I
& | DEMATEL : I + & :
(R R |
| I
I
I
T . |
—Qma : SEE I
: ISM |
5 | 2 [
= 1 s 7 I LT TR I
' T8 I J 2= X
e ;
gt 5@
1 DEMATEL-ISM
nXxn (4)
F. i
00 fu fi.0 N °
O O
_|j[21 0o - f2n|:| r
F= 0: 0 (1) D.
Foofa o of D=Xi, (i=123 = ) (4
n n T
=12 =12 i)
f / o iz f,=0. C.
(2) C=%0, (i=123 -~ n). (5)
, M, R..
NO
1 0
N= ——F (2) .
max ( X 7_,f;) (5)
(3) (M, R)
r M, R,
1ime=O
T=(N+N2+N3+-+Nk) = 37 Nk=N ( I-N) —1. .
(3) (6)
O ] o H( H i rL><n)

56



2020 6 : DEMATEL-ISM

6 ( 272 )
T 1 (6) : 2035 o
H=T+I. (6) 2.1
(7) (1) .
K( K: ku n><n) N
A N N
(7) :
1 hijB/\(ij=1 2 -+ n) °
k= .. . (7)
L0 hy<A(ij=12 -+ n) (2) °
A ~
(8)
K 1 1
S, ; K (3) o
I 1
0, ° $,=5.NQ,
14
) Q,=5,NQ,
15
° 2.2
(9)
2
90% o
R X \
N 5G
o 2015 ( o
Maasvlakte 11 )
~ ~ ~ IOT\
. 2019 11 RFID - R.Aboozar
<< >> A S N ~N
. <RFID - S. Max
; 2025 N
. 19

57



2020 6 6 ( 272 )
“ 7 “Smart Port” =1. =2, =3. =4
5G (
RFID F 1 °
X 1
Hh L i fi s fe i fs fo o
£ 0 0 1 0 0 0 2 0 1 0
/o o 0 2 1 1 1 1 1 1 0
(5) © (f) © (/) - i 10 0 2 2z 0 0 0 0 0
S 3 2 3 0 4 3 4 3 3 4
(fa) ~ (fs) ~ (fe) - fs 4 3 4 1 0 4 4 3 303
(f) . (fs) ~ (f5) fi 3 3 4 2 3 0 3 3 3 2
(f ) fq 3 3 4 2 4 4 0 3 4 3
[e]
10 o3 1 2 2 2 3 2 0 2 2
3 DEMATEL-ISM f 5 3 3 5 4 4 4 3 0 3
fio 4 3 3 1 2 2 1 2 2 0
3.1
(2)
(3) 2,
20
2
i fH f3 fi fs fs fi fs fo Sio
£ 0.031 0.027 0.069 0.022 0.035 0.032 0.091 0.027 0.059 0.025
£ 0.061 0.047 0.133 0.070 0.092 0.087 0.087 0.080 0.082 0.047
fs 0.075 0.033 0.047 0.086 0.102 0.040 0.043 0.034 0.037 0.035
fi 0.306 0.229 0.331 0.124 0.320 0.284 0.310 0.257 0.267 0.276
fs 0.313 0.243 0.341 0.150 0.184 0.292 0.293 0.240 0.251 0.228
fe 0.267 0.229 0.322 0.170 0.261 0.160 0.252 0.228 0.237 0.191
f 0.300 0.256 0.358 0.188 0.319 0.309 0.191 0.254 0.292 0.243
fs 0.233 0.141 0.220 0.145 0.194 0.216 0.190 0.108 0.178 0.164
fo 0.268 0.255 0.326 0.185 0.315 0.306 0.304 0.253 0.171 0.241
S0 0.243 0.186 0.231 0.105 0.176 0.169 0.144 0.154 0.161 0.084
2 (4 (5)
)\:
3, 0.22 3 (6) (7)
3 DEMATEL 4 .
5 0418 2097 21 -Lom h h fs fi s fs K K b fo
f? 0.786 1.646 2.432 -0.860 7 " o o o o o o o o o
fs 0.532 2.378 2.910 -1.846 i
fa 2.704 1.245 3.949 1.459 f? 0 ! o0 0 0 0 0 0
fs 2.535 1.998 4.533 0.537 /s 0 0 1 0O 0O 0 O 0 0 O
Js 2.317 1.895 4.212 0.422 Ja 1 1 1 1 1 1 1 1 1 1
/s 2.710 1.905 4.615 0.805 Ss 1 1 1 0 1 1 1 1 1 1
fe 1.789 1.635 3.424 0.154 /. , ] , 0 ] , ! 1 "
fo 2.624 1.735 4.359 0.889 7 : | : 0 | : | : | |
fio 1.653 1.534 3.187 0.119
3 oot - fs 1 0 1 0 0 0 0 1 0 0
ython atplot= H o1 1 1 0o 1 1 1 1 1 1
lib S0 1 0 1 0 0 0 0 0 0 1
2 o

58




2020 DEMATEL-ISM 6 ( 272 )
15 - I oft
1
I ! |
1.0 1 f9
: [ ] 1;1'7
I
0.5 1 E .f6 L4
o106/ !
o 0.0 fF===—=——mmm e — = T ——————————————————————
ek |
[0 |
-0.5 |
]
o2 i
-1.0 I
1
1
i
-1.5
fl !
® 1
] .f3 :
-2.0- T T T 1 T T T
2.5 3.0 35 4.0 45 5.0
Ful B
2 —
ISM
3 D (
4 I) 0
- 3.7
5 o
@ ( )
[] f2 ‘[3 fR fl(] [S f6 f7 /9 f4 O 3.7
f 1 o6 0o 0 O O0O 0 0 0 ©0
b 0 1 0 0 0 0 0 0 0 0 6) (
f3 0 0 1 0 0 0 0 0 0 0 ) 0
fs 1 0 1 1 0 0 0 0 0 0
fio 1 0 1 0 1 o 0 0 0 o0 3.7
fs 1 1 1 1 1 1 1 1 1 0
fe 1 1 1 1 0 1 1 1 1 0
£ 1 1 1 1 1 1 1 1 1 0 °
oo 1 1 1 1 1 1 1 1 1 0 (1
Ja 1 1 1 1 1 1 1 1 1 1 2 3 f4‘f5‘f6‘f7‘fk)
(f2)
3 o
wawre | | swowser || st
. 2019 10
5 ( Y Y Y ~
) 15
1100 0,
(/f5)
3 o
3.2 (/f7)
2 3 DEMATEL ISM (f5) ~ (fo) (f5)
DEMATEL

59



2020 6

6 ( 272 )

(f10)

“«

DEMATEL-ISM

60

(/1)

(/3)

DEMATEL-ISM

1 . I
1994( 11) : 48-54.

2 OKADA A. Introduction to industrial technology: Re—
search and development for technological progress M . New

York: Nova Science Publishers 2013.

3
J. 2017 36( 12) 1 75-81 89.
4 ARI K.
J . 2016 35(1):
32-38.
5
J . 2017 36(9) : 51-57.
6 ) AHP  DEMATEL
] 2012 31(9) : 121-125 135.
7 ) Grey—DEMATEL
J . 2019 35( 16) : 67-70.
8
D . : 2013.
9
ISM NK I

2018( 36) : 299-302.

10 MOHAMMAD D E ALI N DARIA J K et al. Social
media addiction: Applying the DEMATEL approach J . Telemat—
ics and Informatics 2019( 43) : 1-14.

11 MAVI R K Standing C. Critical success factors of
sustainable project management in construction: A fuzzy DEMA-
TEL—-ANP approach J . Journal of Cleaner Production 2018
(194) : 751-765.

12 HO T C CHIU R H CHUNG C C et al. Key influ-
ence factors for ocean freight forwarders selecting container ship—

ping lines using the revised DEMATEL approach J . Journal of



2020 6 DEMATEL-ISM

6 ( 272 )

Marine Science and Technology—Taiwan 2017 25( 3) : 299-310.
13 JOHN N W. Developing Interconnection Matrices in

Structural Modeling J . IEEE Transactions on Systems Man and
Cybernetics 1974( 1) : 81-87.

14 . J.
2017( 1) : 1-3.
15 . J.
2018 40( 1) : 4-6.
16 . J.
2019( 8) : 1-3.
17 )
. 2017 38(6) : 647-652.

18 ABOOZAR R ALI K S ABDERRAHMEN B et al.
Towards Smart Port: An Application of AIS Data Z . 2018 IEEE
20th International Conference on High Performance Computing
and Communications 2018( 4) : 1414-1421.

19 MAX S. Smart Ports of the Future: A Digital Tomor—
row EB/OL . (2019-09-17) 2019-09-21 . https: //www.
porttechnology.org/news /smart—ports —of —the — future —a - digital —
tomorrow.

20  Lloyd’ s of London Cambridge Centre for Risk Stud—
ies and Nanyang Technological University. Shen attack: Cyber
risk in Asia Pacific ports R . London: NTUIRFRC 2019.

61



