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            Abstract
          
        

        
          본 연구는 브레이드(매듭) 기반의 이미지 데이터셋(S3braidset)을 구축하고, 이를 활용한 열교환기 적외선(IR) 열영상 분석 가능성을 탐색한다. 총 21종의 브레이드 조합을 기반으로 1500장씩의 증강된 이미지를 생성하였으며, Canny 엣지 검출 기반 전처리와 CNN 기반 학습 모델을 통해 분류 성능을 실험하였다. 특히, 유체 흐름의 시각적 패턴이 브레이드 구조와 유사하다는 점에 착안하여, 해당 데이터셋이 유체 기반 설비의 정체 영역 또는 비정상 흐름 감지에 응용 가능함을 제안한다. 열교환기의 IR 열영상을 분할 및 분석한 결과, S3braidset을 활용한 위상적 이상 패턴 식별이 정량적 진단 도구로서 유의미함을 보였다. 이 데이터셋은 향후 상태기반정비(CBM) 시스템에 통합되어 열 영상 기반 이상 진단의 정확도 향상에 기여할 수 있다.

        

        
          
            초록
          
        

        
          This paper introduces S3braidset, a braid–knot-based image dataset, and explores its use in infrared (IR) thermal image analysis for monitoring heat exchanger conditions. Using 21 braid configurations, we generated 1,500 augmented images per class with geometric transformations and Canny edge-based preprocessing, and trained a CNN to classify the patterns. Motivated by the visual similarity between fluid-flow structures and braided forms, we apply the dataset to detect stagnation zones and flow irregularities in fluid-related equipment. Experiments on segmented heat-exchanger IR images show that S3braidset can identify topological anomalies, providing a quantitative and interpretable basis for thermal diagnostics. The dataset is promising for integration into condition-based maintenance (CBM) systems to improve the accuracy and explainability of thermal anomaly detection.

        

      

      
        Keywords: 
Braid Image, Knot-Based Dataset, Thermal Image Analysis, Fluid Flow Visualization, CBM, Condition-Based Maintenance
키워드: 브레이드 이미지, 매듭 기반 데이터셋, 열영상 분석, 유체 흐름 시각화, 상태기반정비

      

    

    

  
    
      Acknowledgments
      이 논문은 2025년 한화시스템(주)의 재원을 지원 받아 수행된 연구임.

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Shizheng Wen, Michael W. Lee, Kai M. Kruger Bastos, Ian K. Eldridge-Allegra, & Earl H. Dowell, ‘Feature Identification in Complex Fluid Flows by Convolutional Neural Networks,’ Theoretical and Applied Mechanics Letters, VOL. 13, NO. 6, 2023, 100482.
			[https://doi.org/10.1016/j.taml.2023.100482]
		
        

        
          	
            
              2. 
            
          
          	Masaki Morimoto, Kai Fukami, Kai Zhang, Aditya G. Nair, & Koji Fukagata, ‘Convolutional Neural Networks for Fluid Flow Analysis: Toward Effective Metamodeling and Low Dimensionalization,’ Theoretical and Computational Fluid Dynamics, VOL. 35, 2021.
			[https://doi.org/10.1007/s00162-021-00580-0]
		
        

        
          	
            
              3. 
            
          
          	Shizheng Wen, Michael W. Lee, Kai M. Kruger Bastos, Ian K. Eldridge-Allegra, & Earl H. Dowell, ‘Feature Identification In Complex Fluid Flows by Convolutional Neural Networks,’ Theoretical and Applied Mechanics Letters, VOL. 13, NO. 6, 2023.
			[https://doi.org/10.1016/j.taml.2023.100482]
		
        

        
          	
            
              4. 
            
          
          	Natalie Wolchover, ‘Could Knots Unravel Mysteries of Fluid Flow?,’ Quanta Magazine, December 9, 2013. https://www.quantamagazine.org/december-3-2014-learning-to-move-20131209/,  (accessed 2025)
        

        
          	
            
              5. 
            
          
          	Anne Dranowski, Yura Kabkov, & Daniel Tubbenhauer, ‘On Knot Detection via Picture Recognition,’ arXiv:2510.06284, , 2025.
        

        
          	
            
              6. 
            
          
          	Wikipedia, Vortex Ring. (accessed 2025)
        

        
          	
            
              7. 
            
          
          	홍제표, ‘북한판 '괴물 미사일' 첫선…내륙 표적지 정밀타격,’ 노컷뉴스, 2024. 9. 19. https://v.daum.net/v/20240919155702844,  (accessed 2025)
        

        
          	
            
              8. 
            
          
          	Sungbin Lee, Manyul Jeon, Hyungpil Park, Donghyeok Park, Hoonhyuk Park, Jongin Bae, & Heesung Park, ‘A Numerical Investigation on Heat Transfer Enhancement of a Dual-Impeller Heat Exchanger for Electro-Optical Tracking System Cooling via System Structural Modification,’ Journal of KSPE, VOL. 42, NO. 10, 2025, pp. 871-877.
			[https://doi.org/10.7736/JKSPE.025.071]
		
        

        
          	
            
              9. 
            
          
          	A. Grall, C. Bérenguer, & L. Dieulle, ‘A Condition-Based Maintenance Policy for Stochastically Deteriorating Systems,’ Reliability Engineering & System Safety, VOL. 76, NO. 2, 2002, pp. 167–180.
			[https://doi.org/10.1016/S0951-8320(01)00148-X]
		
        

        
          	
            
              10. 
            
          
          	Y. LeCun, L. Bottou, Y. Bengio, & P. Haffner, ‘Gradient-Based Learning Applied to Document Recognition,’ Proceedings of the IEEE, VOL. 86, NO. 11, 1998, pp. 2278–2324.
			[https://doi.org/10.1109/5.726791]
		
        

      

    

    

  OEBPS/images/big_9_1.jpg
155N 2635-1926 Ao 13220258 o8

stxtiZ2aet|sstel x|

L]

T 3 4610) 18 44 BABO| 45 3 A B I HEVY Y5 24
2wz 2 e

T2 291 22 2SN 9/ BHOIN PPO 71 BBI2EE 082 Bl 242
0] 2 A et &P
Y20 899,02, 013, werm. w22, 290

IETE] VR 0|410] S.E 6 % +2E 2sis WHIDSAD 40 X 5 BB WS AT
29, 260,28, 058, 01p%

T 01+ 4730 34 015 B 248 8 U2 22 AWM
usy

ABM AIBAIOINE 282 B1EE| RIS S Bat 4
prigeey

USBEHMENN 719181 Al LA e WE: HR7Hs 2 BAPHS AL Uy
Il gMHos
Foary

T %2 1203} PPO 712t HEHOHE BUS $ENBRSAI| HAAIY 2 Y 0RlS
He
U, 4, oz 28, TYY

T 22 YUE YUF AP KU YRS I USAE AP AT
e, w0z 28, UwH





OEBPS/images/_common/images/crossref.gif





