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Fueled by international efforts towards Al standardization, including those by the European Commission, the United States,
and international organizations, this study introduces a Al-driven framework for analyzing advancements in drone technology.
Utilizing project data retrieved from the NTIS DB via the “drone” keyword, the framework employs a diverse toolkit of supervised
learning methods (Keras MLP, XGboost, LightGBM, and CatBoost) enhanced by BERTopic (natural language analysis tool).
This multifaceted approach ensures both comprehensive data quality evaluation and in-depth structural analysis of documents.
Furthermore, a 6T-based classification method refines non-applicable data for year-on-year Al analysis, demonstrably improving
accuracy as measured by accuracy metric. Utilizing Al’s power, including GPT-4, this research unveils year-on-year trends in
emerging keywords and employs them to generate detailed summaries, enabling efficient processing of large text datasets and
offering an Al analysis system applicable to policy domains. Notably, this study not only advances methodologies aligned with
Al Act standards but also lays the groundwork for responsible Al implementation through analysis of government research and
development investments.
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Analysis Procedures Aligned with the US NIST Al Risk Management Frame [25]

. MAP " [Is it appropriate to use year labels for text-based Al analysis?]
(Risk Identified)

[ Evaluating machine learning performance J
Measure using the accuracy metric
(Assess Risk) {

No

{— Enhance Accuracy —
i by Management
i Managing risk by incorporating an
Manage i additional 6T Label
(Reduce Risk | l
Through Management)

Suggested in <Figure 2> | |

[ Follow Procedures ]

< The Primary Focus of This Study >

<Figure 1> Diagram of Integrating Al Standardization and Analysis Issues: A Case Study on Applying NIST Al Risk
Management Framework to Drone Technology Analysis in NTIS DB
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National NTIS DB (with query of “drone”)
+ Natural Language Analyses with
“Main(Year) / Supplementary(6T)” Labels

+ SBERT Embedding(768 Dimensions)
- Apply Various Machine Learning Models

Classification with
Main Label(Year)

‘Poor Label Quality Identified Classification with
Supplementary Label(6T)
<Table 1> <Table 2>

- Accuracy

‘ + Bag-of-Word

- Hierarchical Clustering with Labels <Figure 3>
- Keyword Extraction with Labels

<Table 3> }

. 4

{- Re-construct Tables Interconnecting Year-6T Keywords ]

4

[- Summarizing Results of Each Year with GPT-4 ]

<Table 4-5>

<Figure 2> Flowchart Depicting the Sequential Data Analysis Process for Drone Technology Analysis in the NTIS DB
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<Table 1> Validation Results of Machine Learning Models
with Year and 6T as Labels: Accuracy Metrics

Label Type ML Models Accuracy
MLP 0.25
XGB 0.11
Year -
LightGBM 0.11
CatBoost 0.13
MLP 0.85
XGB 0.85
6T -
LightGBM 0.82
CatBoost 0.83

<Table 2> 6T Mediated Validation of Machine Learning
Performance by Year

Year (6T Mediated) Accuracy (MLP)
2023 0.82
2022 0.85
2021 0.91
2020 0.91
2019 0.90
2018 0.90
2017 0.85
2016 0.78
2015 0.72

|—M——Agriculture_Crops_Pesticide_Research_Spectroscopy (BT)
L—Technology_Drone_System_Smart_Innovation

—Technology _Drone_System_Smart_Innovation

| —M—Drone_Software_Content_Learning_Virtual_Reality (CT)
L—Technology_Drone_System_Smart_Innovation

—Drone_Technology _System_Smart_Innovation

| —M——Drone_Flight_Technology_Development_System (ST)

| —Technology_Drone_System_Smart_Sensors

| —M——Technology_Drone_System_Smart_Sensors (IT)

L—M—Fuel_Cells_Energy_Renewable_Energy_Solar (ET)
—M—Materials_Nano_Sensors_Fibers (NT)

<Figure 3> 6T Mediated Hierarchical Structural Analysis
of the Drone Field in 2022
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<Table 3> Top N-grams Selected by C-TF-IDF for Each 6T Classification Criterion in 2022

6T_Class N_grams Selected by C-TF-IDF

(Basic Research Promotion Fund), (Start-up Growth Technology Development), (SME Technology Innovation Development), (Engineering
Research Center), (SME Commercialization Technology Development), (Ministry of Trade, Industry and Energy), (Smart Farming),
(Short-term Advanced Technology Development for Smart Farming), (Growth Technology Development Drone), (Disaster Response
Technology Development)

(Basic Research Promotion Fund), (Personal Basic Research), (Renewable Energy Core Technology), (Power Core Technology
Development), (Engineering Research Center), (Start-up Growth Technology Development), (Satellite Science Survey and Prediction
Technology Development), (Practical Geostationary Orbit Satellite Technology Development), (Geostationary Orbit Satellite Technology
Development Algorithm), (Ocean Science Survey and Prediction Technology Development)

ET

(Ministry of Trade, Industry and Energy), (Ministry of Trade, Industry and Energy Cooperation), (Basic Research Promotion Fund),
(SME Commercialization Technology Development), (Start-up Growth Technology Development), (Industry-Academia Cooperation Hub
Platform), (Drone Technology Development), (Regional Industry Development), (Innovation Procurement Unmanned Body), (Urban Air
Mobility)

ST

(Open-field Digital Farming), (Short-term Advanced Technology Development for Open-field Digital Farming), (Short-term Advanced
Technology Development Drone), (Apple Mechanization Variety Drone), (Agricultural Policy Support Technology Development), (Crop
Testing Research), (Image Efficacy Pesticide Residue Analysis), (Spectral Image Efficacy), (Spectral Image Efficacy for Disease
Diagnosis), (Spectral Image Efficacy Pesticide Residue Analysis)

BT

(Basic Research Promotion Fund), (Basic Technology Research Bongsan), (Technology Research Bongsan Pupa), (Pupa Pot Food), (Pupa
NT Pot Food Gobu), (Science-based Technology Research Bongsan), (Agricultural Science-based Technology Research), (Nanomaterials
Technology Development), (Basic Research Promotion Fund Carbon Nanotube), (Research Saemangeum Reclaimed Land)

(Basic Research Promotion Fund), (Information and Broadcasting Innovation), (Broadcasting Innovation Convergence), (Industrial
Technology Development), (Basic Research Promotion Fund Virtual Reality Augmented Reality), (Geostationary Orbit Integrated

cT Communication Satellite), (Innovation Situation Business), (Engineering Research Center), (Scanner Exploration Tourism VR Technology

Development), (Scanner Exploration Tourism Technology Development), (Tourism VR Video)
<Table 4> 6T Summary Results of Information from <Figure 3> and <Table 3> using GPT-4
Summary

T It focuses on drones and smart sensor systems, emphasizing innovation in data collection, processing through information technology,
and system management.

BT It focuses on biotechnology related to agriculture, especially research on crops and pesticides, reflecting the development of digital
agricultural technology.

NT It applies nano-technology to materials, sensors, fibers, etc., contributing to innovation in industrial and consumer goods.

ET It focuses on renewable energy technologies, particularly solar and fuel cell technologies.

ST It emphasizes drone flight and control technology, exploring new forms of drone applications through the advancement of science and
technology.

T It focuses on .droqe technology, software, content creation, virtual reality, and augmented reality, signifying innovation in the culture
and broadcasting industry.

{Table 5> GPT 4.0-based Summary Results of Drone Technology Advancement from 2015 to 2023
Summary

2015 Initial Research & Technology Fusion: Integration of multi-copter and unmanned aerial vehicle technology

2016 Industry—A.cademia Collaboration & Creative Technology Development: Exploring various technological applications, industry-academia
collaborations

2017 Systematic Approach: Drone and unmanned aerial vehicle system technology

2018 Control Technology Development: Drone development and unmanned vehicle control technology

2019 Technology Growth & Control Technology: Focused investment in nuanced control technology

2020 Focus on Unmanned Technology: Unmanned development control technology of drones

2021 Expansion in Flight Area: Utilization of drones and development of unmanned technology in the flight area

2022 Integration of System & Operation: Flight systems and unmanned operation of drone technology

2023 Innovative Progress & Diverse Actor Participation: Development of drones progress innovatively, with a variety of actors getting involved
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