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Abstract

Driven by the development of world's technology, the concept of Internet of things (IoT) not only promotes the
leapfrog development of global information technology, but also makes computer and communication technology
realize further perfection. IoT technology enables the global sharing of network resources and the overall perception of
information to achieve the goal of “interconnection of all things together,” which is the third wave of world's infor-
mation industry development after the computer and Internet. Recently, the rapid expansion of IoT technology has made
many conventional industries more intelligent. With the accelerated expansion of port traffic, many conventional ports
are facing the transformation of operation mode. They urgently need to improve the service quality of infrastructure,
comprehensive processing capacity for information and the optimized allocation of resources of their related logistics
parks. Therefore, from the aspects of intelligent supervision, intelligent service and technology security, this study
constructs the data envelopment analysis (DEA) framework of factors influencing the intelligent transformation of in-
ternational commercial ports with the application of IoT technology. This study hopes to help port managers to improve
the operational performance through an intelligent cloud connection, and to transform conventional port to intelligent
commercial port 4.0 as soon as possible.

Keywords: Internet of things (IoT), Data envelopment analysis (DEA), Intelligent ports, Key success factor framework

1. Introduction

I n an era of global economic interconnectedness
and commercial interconnectedness, the world

is becoming more and more interconnected
through technological advances. As the benefits
of system resource integration are explored and
understood, the living environment affected by
the world's intelligent innovation is also gradually
promoted. The concept of intelligent equipment
networking as early as in 1982 was discussed, and
a group of students at Carnegie Mellon University
developed a network system to sell coke. Through

this new network technology, at any time, man-
agers can be provided the information about the
inventory of coke in the refrigerator and whether
the new beverage has been frozen. The network
system has achieved the timely and efficient in-
formation exchange by connecting the coke
selling machine and manager. For this reason,
this machine is also known as the first network
intelligent home appliances, and inspired re-
searchers for the transformation and innovation
of future intelligent machines. This event also
became the enlightenment of the concept of the
Internet of Things (IoT), which can be described

Received 11 June 2020; revised 8 July 2020; accepted 27 July 2020.
Available online 25 June 2021.

* Corresponding author.
** Corresponding author.
E-mail addresses: ganguoya@foxmail.com (G.-Y. Gan), hslee@email.ntou.edu.tw (H.-S. Lee).

https://doi.org/10.514/2709-6998.1431
2709-6998/© 2021 National Taiwan Ocean University.

mailto:ganguoya@foxmail.com
mailto:hslee@email.ntou.edu.tw


as with the ‘link’ as the foundation, IoT system
can connect objects in some form and carry out
the exchange of data between these objects.
Wired connectivity is inherently not suited to the
complex or large-scale network system, so wire-
less technology is widely used by IoT to connect
objects more intelligently [1].
The emergence of IoT is a new technological

revolution in the field of computing and communi-
cations, which also can be expanded into some other
important areas, such as dynamic communications,
technological innovation, wireless sensors and
nanotechnology, etc [2,3]. Frequently, the produced
data of the IoT system plays a vital role, and these
critical data mainly depends on the perception of
IoT devices of various types of sensors in this sys-
tem. Then, IoT system perceives consumer behavior
and experiencers' consumption habits. These
recorded data will be transferred to the computing
center, and dealing with cloud computing and big
data processing, the final effective research data can
be formed [4]. These research data will be fed back
to the management side in time, which hopes to
help service providers improve their own short-
comings and provide more customized comfortable
services for those experiencing them. Therefore,
according to the rich and invisibly interwoven ele-
ments of sensors, actuators, displays, and cloud
computing, IoT system has perfectly integrated into
the objects of our daily lives and connected every-
thing through a continuous network structure in the
real producing process. This intelligent system
brings the convenience to people's travel, produc-
tion and living, which can also constitute people's
pursuit of the intelligent living environment.
The composition of the IoT system is never a

single individual, which is usually composed of
numerous data sensors, receivers and other devices
[5]. In this way, the network system constituted by a
number of intelligent interconnected devices also
highlights its value and advantages in real life. First
of all, the IoT system realizes the information ex-
change between the different objects, which high-
lights its value in terms of information exchanging.
Devices in the IoT system can always use the same
IP address of the Internet for the information ex-
change, so there will be no additional energy con-
sumption during the data exchanging period [6].
Second, IoT system creates more economic value for
people's real life. The applications of IoT can
significantly reduce the labour costs, time cost,
transportation costs, etc. Based on the existing
network infrastructure, IoT system achieves the
implementation effect of product integration. Under

the premise of it without any increase in new
equipment, this intelligent network system is
greatly saving the operating costs through using the
existing facilities to satisfy the requirements of the
intelligent production. Finally, the prospect of the
value of IoT applications is also very substantial.
The international telecommunication union (ITU) of
the United Nations ever published one report on
IoT, which pointed out that after the innovation of
information and communication technology, IoT
becomes the third wave of the world's information
industry development and has quietly catch the
attention across the globe. Any person at any time,
any place, for any things will be connected, and the
connection presents the increase of the multiple, so
as to create a new intelligent dynamic network, that
is the prospect value and advantage of the IoT ap-
plications. The development of IoT system will
affect the logistics, public management, interna-
tional ports, finance, industrial manufacturing,
retail, education, and other different industries [7].
And rely on the advantages of timely feedback by
itself, IoT system can also significantly help man-
agers save time costs and reduce some unantici-
pated losses.
Along with the new innovation of information

technology, intelligent devices are more easily to
connect sensors and user experience port through
the network, which can construct more convenient
application service programs for its users [8]. These
innovative technological changes have also laid an
excellent environmental foundation for the estab-
lishment of the IoT system. Besides, the related
research is becoming increasingly perfect, and it is
expected that more and more applications of the IoT
system will grow rapidly in the next few years. In
fact, we can also find many practical applications of
the IoT system in our real life, such as the Internet of
Vehicles.
The construction of vehicle network can not only

help the owners to find the nearest parking lot in the
bustling city and provide the information about the
spare parking space, but also allow the owner to
track and locate their cars at any time, so as to find
the car as quickly as possible in one huge under-
ground parking garage, and guide the owner to
drive out of this parking lot. The similar case also
appears in the promotion of intelligent home, and
the users can remotely control their water heater
through a smartphone before arriving home. It re-
veals that in addition to the smartphone, other
existing devices are also likely to be utilized by the
IoT system, such as networked televisions, LED
lighting systems in buildings, and central air con-
ditioning equipment [9]. To this end, based on the
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advantage of the high utilization of existing net-
worked devices, applying the IoT system has
become the best opportunity for the transformation
of many conventional industries. To these in-
dustries, the high cost of the equipment makes it a
slow replacement cycle. With the acceleration of
international liquidity in commodities, many con-
ventional industries have to face the double pres-
sures of improving the productions and
transportation efficiency. Nowadays, the urgent
need for the relevant managers is how to rationally
use or innovate on the existing equipment, which
can help the conventional industry enhance more
international competitiveness. And the international
commercial port is one of the crucial demanders of
these conventional industries [10].
International commercial ports are usually the

gateway and hub for a country opening to the
outside world, and they are closely related to the
economic development of many coastal countries
[11]. Thus, the intelligent transformation of the
commercial ports has become one of the critical
topics that attracted strong attention by the leaders
of many countries, such as China, the world's sec-
ond-largest economy. During the visit to Tianjin
port in 2019, President Xi stressed that before the
social economic development and national strength
enhancement, the international and domestic
transportation should be strengthened first, espe-
cially in the development of sea transportation.
Striving to build a world-class “intelligent and green
port,” and work together with other countries to
implement the construction of the “One Belt And
One Road.” The “intelligent port” mentioned by
President Xi refers to the utilization of modern
infrastructure equipment, combing with the
massive data, cloud computing, intelligent control,
and other real information technology, to achieve
the core task of deeply integration on port transport
business. At the same time, driven by the innovation
of port transportation organization services, the
intelligent automation of port production and
operation, the modernization of port infrastructure
and equipment, intelligence decision-making of
port management, and the sensitivity of port trans-
portation services can be realized. These re-
quirements reveal that the development of
intelligent production and intelligent management
in the concept of “intelligent port” are closely
related to the unique characteristics of the IoT sys-
tem. Applying the intelligent system to the port's
operating management is bound to contribute an
un-underestimated power to the successful trans-
formation of international commercial ports [10].

To this end, from the perspective of the promotion
of IoT system in international commercial ports, this
study hopes to explore and evaluate the key success
factors that affect the value realization of IoT system
in international commercial port operation. In
further, some suggestions may help the corre-
sponding managers optimize the allocation of port
resources and improve the port services to a higher
and more efficient quality. The structure of this
paper is as follows: Section 2 reviews the literature
about the applications of IoT system in different
filed and the researches of applying IoT system to
the international commercial ports in recent years.
Section 3 introduces both of the SBM (slack-based
measure) model and super-SBM model of DEA to
evaluate the key success factors affecting the reali-
zation of IoT system in international commercial
port. A new framework of factors is constructed in
Section 4, and the interview process and data anal-
ysis of expert questionnaire are also described in
detail. The last section presents the conclusions of
this study.

2. Literature Review

The IoT system is increasingly being used to
manage and monitor the working status of the
operating process at any time, which makes it much
easier to communicate remotely with things around
the world. This emerging technology is booming
around the world, and transforming many con-
ventional industries into the digital intelligent
pattern. To this end, many researches related IoT
applications have been rapidly expanded in recent
years [12e17]. IoT system is a relatively new and
growing field, which helps conventional
manufacturing companies quickly respond to the
global competitive pressures by adopting the new
data-driven strategy [18]. showed the adoption
approach that IoT system takes both perception
systems and mobile devices into account to produce
the final industrial big data in the field of
manufacturing. One practical case study of a mold-
making industry is utilized to validate the effec-
tiveness of the proposed methodology [19]. pro-
posed the semantic interoperability model for the
application of IoT devices in health care, which help
to choose the effective medicine based upon the
different symptoms. The data collected from het-
erogeneous sensors of IoT system can be trans-
ferred to the critical information in one meaningful
way between patient and physician. A proposed
lightweight model for dealing with the semantic
annotation of big-data can also reduce the major
burden of physicians, which rationalizes the great
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heterogeneity in the primary communication pro-
tocols, technologies and data formats. Services of
IoT system in intelligent home energy management
is another critical application platform [20].
explored the influence of various perceived risks
(such as perceived security risk, financial risk) and
individual propensities (acceptance on new tech-
nology, changes of electricity price) under the
overall risk perception of IoT home services. Their
research points out that the experiencers are more
likely to be fear of the electromagnetic radiation.
Still, cyber-security threat is one of the weak links
on IoT home service that should be paid more at-
tentions. They also indicate that their study results
are not only useful for the stake-holders marketing
IoT service to consumers, but also for the re-
searches on technology acceptance and perceived
risk [21]. focused their study on the traffic problems
in people's daily travel. In real life, when a large
number of IoT devices sending the communication
codes to the same base receiver at the same time, it
is easy to lead to a sudden surge of research data
and cause conflicts, which may also result in some
serious network congestion. A communication
timing controlling approach is proposed for the
temporal and space transportation offloading. A
case of comparative evaluation demonstrates the
effectiveness of their proposed approach. Besides,
due to the rich application scenarios, retail industry
is also one of the hot research areas of IoT appli-
cations [22]. drew the attention to monitor gray
market activity and manage the gray product dis-
tribution by adopting the IoT system. Three game
models are established to examine the impact of IoT
system on manufacturer's profits and the gray
market. The final results reveal that IoT system has
a significant influence on inhibiting the growth of
the gray market, and the final win-win performance
can be acquired when the manufacturers are taking
the appropriate coping strategy.
For many countries, international commercial

ports are the main windows opening to the world.
Both the origin and economy of this nation are
clearly linked to the existing development of these
ports. But in recent years, many problems stifle their
growth, such as delays in the arrival of carrying
truck and the traffic jams on port's transporting
roads [23]. IoT system can usually realize the digi-
talization of transportation infrastructure in port,
the standardization and intelligence of port trans-
portation equipment and the efficient integration of

port resources. However, the study applying the IoT
system to international commercial ports is little
[24]. pointed out that the trade volume of sea
transportation is growing around the world, result-
ing in the increasing loading press on the port's road
infrastructures. It's urgent to propose new solutions
to improve the cargo coordination and handling
capacity of the existing port facilities. A digital bi-
nary model assisted by the truck dispatching oper-
ator is proposed to optimize the problems of the
equipment dispatching management in the port.
Finally, combing with the IoT platform and an
extensible simulation package, the integration of all
sensor information can be utilized to improve the
operating performance of the international com-
mercial ports [25]. also focused their study on the
optimizing the management and monitoring the
container traffic in the harbor along the intermodal
corridor. Based upon one cloud-based FIWARE
platform, a new IoT system is constructed to inte-
grate the management of the vessel navigation and
the rail transportation. More importantly, three in-
ternal sub-systems (including container loading,
inland vessel navigation, and rail transportation)
have produced the expected benefits in port's sup-
ply chain, which covers the benefits of both ship
owners and the terminal integration in the port's
logistics.
Recently, the development of IoT system repre-

sents a new step in transforming the conventional
international commercial ports to an automated,
intelligent and digital operation pattern. It is also a
unique starting point for the IoT system expanding
to the field of port management, which should catch
more attention by scholars. Therefore, this study
will construct a new framework of factors influ-
encing the intelligent transformation of interna-
tional commercial ports with IoT system. Combing
with the SBM-DEA and super-SBM-DEA models,
this study further hopes to dig out and evaluate the
key success factors affecting the value realization of
IoT system in international commercial port
operation.

3. Methodology

Considering the slack-based measure [26], pro-
posed the SBM-DEAmodel to evaluate nDMUs with
multiple inputs and outputs variables. The model
under the variable return to scale (VRS) for evaluating
the efficiency of DMU-k can be described as:
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min 6¼
1� 1
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However, to the performance evaluation appraisal
in the real life, there are many cases that existing no
specific input variables or these variables are diffi-
cult to measure. For dealing with this issue, the
evaluation results of experts can be viewed as the
output variables while none input variable can be
considering in this study. Thus, suppose there are n
evaluated factors and the number of experts is s in
this study. Let xj denotes the dummy input while
yrj ðj¼ 1; :::; nÞ denotes the evaluation result of rth
expert for the jth evaluated factor. To evaluate the
efficiency of the kth evaluated factor, Model (1) can
be modified as:

min 6¼
1�w�
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�
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where w� denotes the surplus of input variables
while wþ

r denote the deficiency of output variables.
Let the values of all dummy input xj be 1 in this
study. And due to the limitation of

Pn
j¼1lj ¼ 1, the

first constraint can be deleted and the object func-
tion of model (2) can also be modified.

min r¼ 1
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�
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Model (3) can be viewed one simplified version of
SBM-DEAmodel, which is suitable for the database of
all DMUs keeping the exactly same original input
background. Under the evaluation of model (3), the
efficiencies of all efficient units would be calculated as
1 while the ones of un-efficient units would be less
than 1. In order to improve the discrimination of
model (3), the super-efficiencymodel based on [27] for
the further evaluation of efficient units is proposed as:

min f¼ 1

1� 1
s
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r¼1

w�
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�
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where w�
r denote the surplus of output variables for

the efficient DMUs under the model (3). By con-
structing the new efficient frontier through the
remaining DMUs (exclude the evaluated DMU-k),
model (4) can calculate the super-efficiency for the
efficient DMUs to above 1. Further, in this study, we
propose a new model to integrating both model (3)
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and model (4), which hopes to compute all the ef-
ficiency in one step.

max J¼ ð1þ 1
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Note that the M in the object function of model

(5) is a big data. And suppose one set of the optimal
solution is ðwþ*

r ;w�*
r ; l*j Þ, then, the final efficiencies

for the evaluated DMU-k can be calculated as:
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For ranking the evaluated key success factors, this
study defines the key affecting index (KAI) based on
the efficiency performance:

KAIk¼ Ek

Max
j¼1;:::;n

fEjg ð7Þ

4. Empirical Study

4.1. Frame construction

IoT technology is opening a new stage for the
transformation and development of the interna-
tional commercial ports. Thus, the key success factor
system that affects the availability of IoT applica-
tions has not been completely established. Accord-
ing to the expert interviews and [17]; this study
constructs a new framework with four main cate-
gories, namely the technological innovation (TI),
support by the government (SG), social and eco-
nomic values (SEV), experiencer's trust (ET),
respectively. And these categories can be further
sub-divided into fifteen criteria based upon the
invited experts' work experience and the literature
review. After the comprehensive discussion, the
final framework is established (Shown in Fig. 1), and
the specific indicator description of the fifteen
criteria can be summarized as:

� Technological innovation (TI)

In this category, all evaluated items mainly refer
to the technological development required by the
IoT concept and the technological innovation of
various supporting devices. Specific indicators
include the globalization of data standards (GDS),
the construction of open-resource platforms on IoT
applications (COP), the development of cloud
computing & Big-data (DCB), the greatly improved
speed of data analysis technology (SDA).

� Support by the government (SG)

In this category, all evaluated items refer to during
the whole process of applying the IoT concept to the
international commercial ports, and the government
promotes the implementation of IoT applications via
issuing some beneficial measures. Specific in-
dicators include support by the government funding
(SGF), the relevant technical personnel provided by
the government (TPG), government actively accedes
some international conventions for IoT and mari-
time transportation (GAC), the active promotion on
transformation policy of intelligent port 4.0 (PTP).

� Social and economic values (SEV)

In this category, all evaluated items refer to the
positive social value and economic effects that may
be generated or created by the IoT system applying
on the international commercial ports, and these
innovative values can genuinely benefit people's
operation and real life. Specific indicators include
improving the operational efficiency of the interna-
tional commercial ports and the customized service
level (IOP), proving more convenient people-ori-
ented services (PCS), integrating the resources of
different industries and strengthening the coopera-
tion among enterprises (IR&SC), guaranteeing the
sustainable development of innovative operation
strategy (GSD).

� Experiencer's trust (ET)

In this category, all evaluated items refer to
gaining the trust from the experiencer through
promulgating some measures to improve the secu-
rity and convenience of the IoT system. Specific
indicators include improving the stability of data
transmission during the process of using the IoT
system (ISD), guaranteeing the security of the
generated results from IoT system (GSR), enhancing
the understanding and cognition of IoT system to
the port managers (EUC).
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4.2. Experts questionnaire survey

In order to promote the IoT application on port's
operation, this study constructs a new framework of
the key success factors for applying IoT system to
international commercial ports. Fifteen experts are
invited to finish this questionnaire, and their eval-
uation results will be viewed as the key outputs
variables of each evaluated factor in this study. The
experts are broadly divided into three types based
on their experience and the working backgrounds:
operation manager in port, related enterprise tech-
nicians in IoT industry, and academic scholars.
Table 1 presents the information statistics of the

interviewed experts, which indicates that most ex-
perts are male, and only a quarter of the

respondents are women. The age distribution of
interviewed experts shows the relatively normal
distribution, and most of the interviewees are
ranged from 36 to 50 years (56.25%), followed by
those aged older than 50 years (31.25%). Seniority
can reflect the work experience of the interviewers,
and over 80% of the interviewers had worked for
more than 10 years, while 43.75% had worked in
related fields for more than 15 years.

4.3. Evaluation results and analysis

According to the evaluation of the interviewed
experts, this study converts these results presenting
the importance levels into the centesimal system.
These evaluation results would be selected as the

GDS: the globalization of data standards 

COP: construction of open-resource platform on IoT 

applications platform constructionTechnological 

Innovation

(TI) DCB: development of cloud computing & Big-data

SDA: improved speed of data analysis technology

SGD: support by the government funding

Key

Success 

Factors

for

Applying

IoT

System

to

International 

Commercial 

Ports

Support by

Government

(SG)

TPG: relevant technical personnel provided by the

government

GAC: government actively accedes some international 
conventions for IoT and maritime transportation

PTP: active promotion on transformation policy of 

smart port 4.0

IOP: improving the operational efficiency of the ports

and the customized service level

Social &
Economic

Values
(SEV)

PCS: proving more convenient people-oriented services

IR&SC: integrating the resources of different industries 
and strengthening the cooperation among 
enterprises

ISD: improving the stability of data transmission
Experiencer

Trust

(ET)
GSR: guaranteeing the security of the generated results

EUC: enhancing understanding and cognition of IoT

GSD: guaranteeing the sustainable development of 

innovative operation strategy

Fig. 1. Framework of key success factors for applying IoT system to international commercial ports.
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output variables for each evaluated sub-criteria.
Based on the statistical evaluation results, all eval-
uated factors have obtained the maximum scores of
100 while the minimize score is 60. Besides, the Top
3 evaluated factors of the average evaluation results
are GDS (92.86), PTP (91.96) and GSD (90.18),
respectively. Further, under the model (5), the final
results of key affecting index (KAI) and the rankings
are summarized in Table 2.
As shown in Table 2, the second column presents

the average score of each main category based upon
the KAI value of its sub-criteria. From the perspec-
tive of expert evaluation, “Support by Government
(SG)” should be brought to the most attention with
the score of 0.97420. And the following three cate-
gories in order are “Technological Innovation (TI)”,
“Social & Economic Values (SEV)”, and “Experi-
encer's Trust (ET)”, respectively.
As indicated in Table 2, all of the evaluated criteria

have obtained the satisfactory evaluation scores of
KAI. Most of them are above 0.9, and the difference
between them is not so noticeable. “The Globaliza-
tion of Data Standards (GDS)” is ranking in the first
with the score of 1, which belongs to the category of
“Technological Innovation (TI).” Therefore, most of
the experts generally agree that a unified global
standard for IoT system is the core factor in guar-
anteeing the effective implementation of its appli-
cation. Followed by Active promotion on
transformation policy of intelligent port 4.0 (PTP)
with a high score of 0.99803. This criterion can
reflect that conventional port is facing the urgent
demands of transformation, intelligent ports can not
only help managers integrate port resources to
improve operation performance, but also strengthen
international competitiveness. Besides, “Guaran-
teeing the sustainable development of innovative
operation strategy (GSD)” is the most critical sub-
criteria of “Social & Economic Values (SEV),” which

is also squeezed into the Top 3 ranking. This crite-
rion advocates the managers to pay more attention
to the sustainable development of international
commercial ports.

5. Conclusion

At present, the innovation in communication
technology plays a decisive role in the development
of IoT. Especially in the worthy of attention, 5G era
is the biggest leap forwarding in communication
technology in recent years, which also can provide
the efficient technical service platform to support
IoT technology to connect everything around the
world [12,28]. And the realization of 5G network will
definitely promote the rapid expansion of IoT ap-
plications. The IoT system combined with 5G
network can accommodate more connected objects,
and the data collected by the sensing devices will be
transmitted more efficiently among the internal
structures of this system, so as to realize the goal of
connecting everything. The prospect of the IoT
system being promoted to commercial use is worth

Table 1. Statistics of the interviewed experts.

Experts Industry-related Manager Academic

Frequency % Frequency % Frequency %

Sex
Male 5 31.25 4 25 3 18.75
Female 2 12.5 N/A N/A 2 12.5
Age
Less than 35 years old 1 6.25 1 6.25 N/A N/A
36e50 years old 3 18.75 3 18.75 3 18.75
More than 50 years old 3 18.75 N/A N/A 2 12.5
Seniority
Less than 10 years 1 6.25 1 6.25 1 6.25
11e15 years 2 12.5 2 12.5 2 12.5
More than 15 years 4 25 1 6.25 2 12.5

Table 2. Final results of key affecting index (KAI) and the rankings.

Main categories Average & Rank Criteria KAI Rank

TI 0.97363 [2] GDS 1.00000 1
COP 0.96486 8
DCB 0.96772 5
SDA 0.96196 11

SG 0.97420 [1] SGD 0.96425 10
TPG 0.96486 8
GAC 0.97156 4
PTP 0.99614 2

SEV 0.96887 [3] IOP 0.96772 5
PCS 0.96772 5
IR&SC 0.95908 14
GSD 0.98097 3

ET 0.96005 [4] ISD 0.96196 11
GSR 0.95911 13
EUC 0.95908 14
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expecting. With the upgrading of communication
technology network, the functions of IoT system will
be significantly improved while the price and cost
will be gradually decreased, all of which can create
an excellent basic environment for the promotion of
the IoT applications.
For the conventional industry, the digital and

intelligent transformation for the international
commercial ports has become a realistic demand
driven by the new generation of information tech-
nology. With the development trend of specializa-
tion and large-scale, more and more ports are
carrying out the innovation towards to the auto-
matic loading of terminals, intelligent cargo regis-
tration and digitalized safety supervision. This
realistic demand is accurately consistent with the
functions of IoT system. Due to the support by IoT
technology, the management and business opera-
tion patterns of the international commercial ports
will be genuinely reformed and reconstructed. In
the future, ports will be constructed to a convenient,
intelligent, open and shared ecosystem.
Therefore, this study starts from the perspective of

exploring the feasibility of applying the IoT system
to the international commercial ports, and a new
framework of key success factors affecting the final
effectiveness has been proposed. Based on the ex-
perts' suggestions, the initial framework has been
divided into four main categories, namely the
technological innovation (TI), support by the gov-
ernment (SG), social and economic values (SEV),
experiencer's trust (ET), respectively. Among them,
“Support by the Government (SG)” should be
drawn more attention. Besides, to each evaluated
sub-criteria, the operating standards for IoT system
should be standardized globally is evaluated as a
core factor for affecting the success of this applica-
tion. This study also finds out that the government
or relevant administrative departments should
formulate some convenient and favorable policies to
actively upgrade the port operation, which has also
become an urgent demand at present. Meanwhile,
in the current situation of over-utilization of re-
sources, more and more managers pay more atten-
tion to the integration of resources. They
particularly expect the new technology can guar-
antee the sustainable development of port
operation.
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