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[Abstract]

As the digitalization of the port industry accelerates, this study aims to identify core and vacant
technologies related to smart ports using machine learning methods and propose development strategies
for each technology. We applied TF-IDF (Term Frequency-Inverse Document Frequency) to patent data
on smart port technologies to extract key terms. Using LDA (Latent Dirichlet Allocation) topic modeling,
we identified core technologies such as container scanning systems, port simulation, smart containers,
shipping scheduling algorithms, object detection for port security, remote control-based autonomous ships,
and autonomous vehicles in ports. Furthermore, we generated a technology map using GTM (Generative

Topographic Mapping), identifying autonomous vehicles in ports as a vacant technology.

» Key words: Smart port, Technological forecasting, Patent analysis, Machine learning,
Topic modeling, Generative Topographic Mapping (GTM)
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1. Trends in smart port technologies
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2. Technological forecasting using patent analysis
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III. Methodology

1. Research framework
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2. Data collection

Research Framework
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3. Data preprocessing
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4. Topic modeling
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Table 1. Notation of TF-IDF

Symbol Definition
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n Number of documents
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Table 2. Notation of LDA

Symbol Definition
D Number of documents
d Number of documents of each topic
k Number of topics
s Word frequency of nth topic
0, Topic ratio of document d
Zd,n Topic assignment for nth word of document d
VV,L" nth word appearing in document d
o Parameters for topics per document
1] Parameters for words per topic
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Table 3. Notation of Perplexity
Symbol Definition
Ny Number of words
M Size of document d
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Symbol Definition
W; W, Words ¢ and j
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) co-occurring
P(w,) Probability of word w; occurring
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Niop Number of top words in a topic
W Set of words in a topic
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Table 5. Notation of GTM

Symbol Definition
y(z; W) Function that convert x into data space
T Latent variables
t Data variables
D Dmension of ¢
W D X M weights matrix
0 Noise
K Number of grid points
Ty Grid points in latent space
¢(x) Fixed basis function of M latent variables
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IV. Results
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Table 6. Result of LDA topic modeling

No Topic
Topic O Container internal scanning system
Topic 1 Port simulation technology
Topic 2 Smart container technology
Topic 3 Shipping planning algorithm
Topic 4 Object detection algorithm
Topic 5 Remote—cqntrolled
autonomous ship technology
Topic 6 Autonomous driving technology
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Table 7. Weights for each topic per vacuum area

Topic 0 Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6
Vacuum space 1 0.33604 0.05437 0.05624 0.2858 0.08706 -0.1298 0.31037
Vacuum space 2 0.27760 0.02376 0.03639 0.10331 0.03054 -0.0807 0.60899
Vacuum space 3 0.03521 0.04282 0.2230 0.02315 -0.0228 0.21568 0.48292
Vacuum space 4 0.00097 -0.0159 0.02202 0.04214 -0.0682 0.02736 0.99157
Vacuum space 5 0.00304 0.17278 -0.1014 0.03845 0.41465 0.05138 0.42108
Table 8. Result of topic assignment to vacuum area
Topic 0 Topic 1 Topic 2 Topic 3 Topic 4 Topic 5 Topic 6
Vacuum space 1 0 0 0 0 0 0 0
Vacuum space 2 0 0 0 0 0 0 1
Vacuum space 3 0 0 0 0 0 0 0
Vacuum space 4 0 0 0 0 0 0 1
Vacuum space 5 0 0 0 0 0 0 0
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