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A GTM-Based Patent Analysis for Predicting Technological
Development and Identifying Gaps in Cold Chain Transportation

Yi-Hang Zhao -

Chulung Lee

Department of Industrial and Management Engineering, Korea University

This study conducts an in-depth analysis of patent information in the field of cold chain transportation to identify
critical technologies and forecast their future development trajectories. As an essential component in ensuring
the quality of perishable goods, cold chain logistics currently faces major challenges —including inadequate
infrastructure, uneven technological standards, high operational costs, and low levels of digitalization. To
address these issues, we propose a predictive framework that integrates deep learning-based semantic modeling
with advanced patent analytics. Through extensive mining of patent texts, the model not only pinpoints core
technologies within the domain but also anticipates their evolutionary pathways. Moreover, by leveraging the
Generative Topographic Mapping (GTM) technique, the study reveals latent technological gaps. The findings
offer both theoretical insights and empirical evidence to support strategic innovation among cold chain
enterprises and inform industrial policy development by regulatory authorities.
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Figure 1. Framework of Patent Data Acquisition and Preprocessing in Cold Chain Transportation Technology Research
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Table 2. Evaluation Metrics for Topic Modeling and Trend Forecasting

Model

Evaluation Metric

Description

Topic Modeling

topic structures.

The score evaluates the semantic coherence of extracted topics; higher scores indicate clearer

Trend Forecasting

MSE More sensitive to extreme errors; lower values indicate higher prediction accuracy.
MAE Reflects overall prediction bias; lower values indicate more accurate predictions.
R’ Measures the goodness of fit; values closer to 1 indicate better trend prediction performance.

Table 3. Hperparameter Settings and Rationale for Trend Forecasting Models

Hyperparameter | Default Value Selection Basis Description
) Literature experience + preliminary A balance between training stability and
Batch Size 32 . -
testing efficiency
Learning Rate 0.001 Recommended value for Adam optimizer Avoids overly fast or slow convergence
Stops when no improvement on validation set is
Epochs Max 30 Controlled by Early Stopping P P
observed
128 for two-l LSTM; 64 for single-l
Hidden Units 64 / 128 Tuned based on model complexity or two-tayer or stgle-tayet
LSTM
Commonly used value to prevent S
Dropout Rate 0.2 Y P Prevents overfitting in hidden layers

overfitting
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Figure 4. Schematic Diagram of the Deep Learning Model
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Table 4. Summary of Model Performance Comparison (Topic Modeling and Trend Forecasting)

Model Category Model Name Metric Type Score/Error Description
CTM (XLM-R) 0.7027 Best performance, st.ro.ng multilingual
adaptability
BERTopic (XLM-R) 0.6800 Good performance, slightly inferior to CTM
) ) BERTopic (PatentSBERTa) 0.6651 Good domain adaptation, requires translation
Topic Modeling c, ;
NMF (translated text) 0.6372 Acceptable, weaker semantic coherence
LDA (translated text) 0.5617 Traditional method, average performance
Top2Vec (MiniLM) 0.4144 Not suitable for multlhnggal cold chain patent
analysis
LSTM 0.030 / 0.137/0.9150 Best performance, excellent at capturing nonlinear
effects
) XGBoost MSE/ 0.035 / 0.148/0.8916 | Lowest MAE, overall second-best accuracy
T“’“d( ];’Srfcc)a“mg SVR MAE/ | 0.036 / 0.151/0.8847 Relatively good performance
GRU R 0.037 / 0.154/0.8763 Close to ARIMA, slightly inferior
ARIMA 0.037 / 0.159/0.8601 Traditional method, average performance
Exponential Smoothing 0.063 / 0.216/0.7114 High error, poor predictive capability
LSTM + Dropout 0.029 / 0.136/0.932 |Overall best performance, prevents overfitting
Stacked LSTM MSE/ 0.032 / 0.144/0.9021 | Increased depth brings no significant gain
Trend F H T . -
rend Forecasting Bi-LSTM MAE/ 0.033 / 0.143/0.8983 Introduces bld.lrectlonal info, but limited
(LSTM Variants) 2 improvement
CNN-LSTM 0.041 / 0.162/0.8285 Worst performance, local feajtures interfere with
trend prediction

Table 5. Reference Table for Mapping IPC Classifications and Keywords in Cold Chain Transportation Patents

IPC Code | IPC Description Search Target (Boolean Keywords) Representative Keywords
Logistics Data |dispatch OR scheduling OR logistics OR delivery logistics optimization, routing algorithm, order dispatch,
. > . .7 I'scheduling platform, transportation plan, dynamic network,
G06Q 10 Processing system OR transportation OR dynamic planning ; . o I T
S cold chain delivery, logistics visibility, logistics Al,
System OR optimization OR order control .
warehouse scheduling
. . refrigeration OR cold box OR insulated container cold storage unit, refrigeration module, PCM cool.lng
Refrigeration . system, insulated compartment, thermal regulation device,
F25D 3 : OR phase-change material OR thermal control . .
Equipment . . . box temperature control, refrigeration loop, compressor
OR freezing unit OR cooling plate OR compressor | ~ . :
unit, frozen container
Vehicle-mounted | vehicle OR HVAC OR in-vehicle cooling OR |automotive HVAC, vehicle-mounted cooler, heat exchange
B60H 1 Temperature | thermal controller OR temperature regulation OR |pipe, cab refrigeration, on-board thermal unit, fan-driven
Control System |air duct OR automotive refrigeration cooling, truck temperature control, modular cooling system
Remote remote OR monitoring OR femperature sensor temperature monitoring, [oT sensing, carbon tracking,
o OR alert system OR carbon emission OR IoT X . .
G08C 17 Monitoring o . real-time alert, remote sensing module, flexible sensor,
monitoring OR wireless control OR sensor . X .
System data dashboard, wireless signal device
platform
Supply Chain |data acquisition OR sensing node OR supply chain | smart sensor node, multi-source sensing, supply chain data
GO6F 19 |Sensing and Data |sensing OR smart module OR data-driven OR |capture, semantic integration system, real-time feedback
Acquisition  |IoT network OR semantic integration loop, distributed sensing module, IoT edge sensing
ﬁlofi)drmca}tlia(:;l blockchain OR traceability OR logistics tracking | cold chain blockchain, logistics contract system, real-time
G06Q 50 Intearation and OR smart contract OR cold chain map OR digital | traceability, product flow tracking, distributed ledger,
g o log OR transparency system automatic validation, digital token tracing
Traceability
Thermal thermal insulation wall, packaging optimization, container
Packaging packaging OR insulation OR cavity OR thermal . » packagmng op R
h . . |material, foam board, box shell structure, multilayer
B65D 81 | Structures and |container OR multilayer box OR packaging ackaging unit. internal insulation. cavity wall
Insulated material OR sidewall OR foam insulation packaging ’ ’ ¥
. reinforcement
Containers
Temperature temperature sensor OR thermometer OR precision thermometer, digital temperature meter,
Sensor and Heat| ~."" . . embedded sensor, temperature recognition chip, calibration
GOIK 1 . calibration OR heat detection OR thermal probe . X .
Detection . o algorithm, feedback-based sensing, thermal detection
OR sensing layer OR digital temperature S
Technology circuit
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Table 6. Mapping of CTM(XLM-R)-Extracted Topics to Technology Names and IPC Classifications

Topic ID Topic Keywords Technology Name Related IPC Codes
temperature, sensor, control, monitoring, data, system, Temperature Monitoring and
Topic 0 perature ring y peratu & GOIK 1, GOSC 17
device, measurement, detection, thermal Sensing Technology
) logistics, transport, delivery, route, scheduling, Intelligent Scheduling and Logistics
Topic 1 . ) L G06Q 10
optimization, platform, management, vehicle, system Optimization
. refrigeration, cooling, container, insulation, box, unit, Refrigeration Equipment and
Topic 2 . } F25D 3, B65D 81
thermal, energy, system, material Thermal Insulation Technology
) vehicle, system, control, driving, autonomous, Vehicle Control and Onboard
Topic 3 B60H 1
navigation, communication, safety, hvac, power Systems
traceability, blockchain, information, data, management, Information Traceability and
Topic 4 Y, DX : £ . Y G06Q 50, GOGF 19
supply chain, platform, security, product, quality Supply Chain Management
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Table 7. GTM Analysis Results

Yi-Hang Zhao - Chulung Lee

Topic Blank Node Keyword GTM Map
monitoring, Topic 0
1 SenSlng, 1.00r e . . . . .
. 0.75
adaptation, e 2 o o o .
0.50
tracking el® ® e e 3 o
0 preClSlOn, é 0.00f ® . . . . .
2 tracking, & 02
L] L] L] L] .
monitoring -0.50
o eg ege L] L] L] [ ] .
visibility, 07
. . —~1.0041 . ) ) ) .
3 lntegrat10n7 -1.0 -0.5 0.0 0.5 1.0
. . Di 1
monitoring mensen
automation,
. . Topic 1
1 intelligence, toll e e e 4 .
optimization 075
; . L] 3 . . .
real-time, 050
. L]
2 automation, ~oonsf® .
1 intelligence §oore o0 g
“ e 8 -0.25
efficiency, L .
-0.50
3 collaboration, P .
optimization N .
4 collaboration, O s e M
monitoring
insulation, Topic 2
1 efficiency’ 1.00f ® . . . . .
thermal g 3 o e e .
. . 0.50
refrigeration, sl e e e e .
2 2 Stablhty’ % 0.00f ® L] . . . .
rehablhty ‘E -0.25
. L] L] L] . .
3 efficiency -050
- - e o 1 o o .
insulation, 075
-1.00f ® . ° 4 . .
4 energy3 -1.0 -0.5 0.0 0.5 1.0
. Dimension 1
protection
automation, Topie3
1 . A 1.00f1 e o o . .
intelligence
0.75
. L] L] L] L] L] L2
5 automation, 050
stability o 025 D ¢
3 § 0.00r ® L] L] . L] L]
g -0.25
e o o o o .
energy, -0.50
3 ey L] L] . . L]
stability 07
-1.00f ® . . . . 3
-1.0 -0.5 0.0 0.5 1.0
Dimension 1
traceability, Topic 4
1.00r @ L] . . . .
1 accuracy,
0.75
rlt . . . . 3 .
security oo
visibility, wooast® Tt .
4 2 traceability, 2 oofe e e e e .
. E
security S-o2sp .
-0.50
. L] L] . L] .
3 automation, -0.75
ViSibility -1.00f® 1 . . . .
-1.0 -0.5 0.0 0.5 1.0

Dimension 1
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