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            Abstract
          
        

        
          천해 능동소나는 해수면·해저면에 의한 다중경로와 표적 및 플랫폼의 상대운동에 따른 광대역 도플러 효과로 인해 탐지 성능이 저하된다. 본 논문에서는 이를 개선하기 위해 광대역 도플러 스케일 보상과 희소 다중경로 등화를 결합한 능동소나 신호처리 기법을 제안한다. FFT 기반 단계적 정밀 탐색으로 도플러 스케일을 추정·보상하고, OMP 기반 희소 채널 추정과 iterative sparse-MMSE 등화를 수행한 후 펄스압축과 CA-CFAR를 적용하여 표적을 검출한다. MATLAB Monte Carlo 시뮬레이션 결과, 제안 기법은 −30~0 dB SNR 범위에서 안정적인 탐지 성능을 보였으며, 평균 gate false alarm probability는 0.0118로 목표값 0.01에 근접하였다. 또한 SNR 증가에 따라 도플러 추정 오차가 감소하였으며, ROC 분석에서도 낮은 오경보율 영역에서 높은 탐지확률을 유지하여 제안 기법의 유효성을 확인하였다.

        

        
          
            초록
          
        

        
          Shallow-water active sonar is degraded by multipath propagation and wideband Doppler effects. This paper proposes a signal-processing method that combines wideband Doppler-scale compensation and sparse multipath equalization. Doppler compensation, OMP-based channel estimation, Sparse-MMSE equalization, pulse compression, and CA-CFAR detection were sequentially applied. Monte Carlo simulations demonstrated stable detection over −30 to 0 dB SNR, with a gate false-alarm probability of 0.0118. ROC results also confirmed improved detection performance at low false-alarm rates.

        

      

      
        Keywords: 
Active Sonar, Wideband Doppler, Sparse Multipath, OMP
키워드: 능동소나, 광대역 도플러, 희소 다중경로, 직교 정합 추구

      

    

    

  
    
      Acknowledgments
      이 논문은 2026년 해군사관학교 해양연구소 학술연구과제 연구비의 지원으로 수행된 연구임.

    

    

  
    
      References
      
        
          	
          	
        

        
          	
            
              1. 
            
          
          	Xavier Lurton, An Introduction to Underwater Acoustics: Principles and Applications (2nd ed.), Springer, 2010.
			[https://doi.org/10.1007/978-3-642-13835-5]
		
        

        
          	
            
              2. 
            
          
          	Mandar Chitre, ‘A High-Frequency Warm Shallow Water Acoustic Communications Channel Model and Measurements,’ Journal of the Acoustical Society of America, VOL. 122, NO. 5, 2007, pp. 2580-2586.
			[https://doi.org/10.1121/1.2782884]
		
        

        
          	
            
              3. 
            
          
          	Yaojun Jia, Pingbo Wang, Hongkai Wei, Qiang Chen, & Yunhua Hu, ‘Research on High-Resolution Processing of Frequency Modulation Combined Signal for Active Sonar Detection,’ Frontiers in Physics, VOL. 13, 2025, Article 1542037, 2025.
			[https://doi.org/10.3389/fphy.2025.1542037]
		
        

        
          	
            
              4. 
            
          
          	P. A. Bello, ‘Characterization of Randomly Time-Variant Linear Channels,’ IEEE Transactions on Communication Systems, VOL. 11, NO. 4, 1963, pp. 360-393.
			[https://doi.org/10.1109/TCOM.1963.1088793]
		
        

        
          	
            
              5. 
            
          
          	J. A. Tropp & A. C. Gilbert, ‘Signal Recovery from Random Measurements via Orthogonal Matching Pursuit,’ IEEE Transactions on Information Theory, VOL. 53, NO. 12, 2007, pp. 4655-4666.
			[https://doi.org/10.1109/TIT.2007.909108]
		
        

        
          	
            
              6. 
            
          
          	B. Liu, N. Jia, J. Huang, D. Xiao, Y. Jia, S. Guo, & M. Li, ‘An Improved Underwater Acoustic Communication Channel Estimation Based on A* Orthogonal Matching Pursuit Algorithm,’ Acta Acustica, VOL. 47, NO. 3, 2022, pp. 321-328.
			[https://doi.org/10.15949/j.cnki.0371-0025.2022.03.006]
		
        

        
          	
            
              7. 
            
          
          	Xueru Hu, Lanyue Zhang, Di Wu, & Jia Wang, ‘Underwater Acoustic Channel Estimation via an Orthogonal Matching Pursuit Algorithm Based on the Modified Phase-Transform-Weighted Function,’ Journal of Marine Science and Engineering, VOL. 11, NO. 7, 2023, Article 1397.
			[https://doi.org/10.3390/jmse11071397]
		
        

        
          	
            
              8. 
            
          
          	Chuanxi Xing, Yanling Ran, Mao Lu, Guangzhi Tan, & Qiang Meng, ‘A TMSBL Underwater Acoustic Channel Estimation Method Based on Dictionary Learning Denoising,’ Frontiers in Marine Science, VOL. 11, 2024, Article 1362416.
			[https://doi.org/10.3389/fmars.2024.1362416]
		
        

        
          	
            
              9. 
            
          
          	Zhen Wang, Maofa Wang, Yangzhen Wang, Zhenjing Zhu, Guanagtao Shang, Jiabao Zhao, & Ning Hu, ‘Based on the N2N-SAMP for Sparse Underwater Acoustic Channel Estimation,’ Frontiers in Physics, VOL. 12, 2024, Article 1460388.
			[https://doi.org/10.3389/fphy.2024.1460388]
		
        

      

    

    

  OEBPS/images/big_9_3.jpg
el B 19 ESltel N

B

T U §37] B0 BREIAAY AYAF TIE B
B

IEEE] 2016-20251 S-S5 H{o10] AV W4 424 71424 201 vl 4
a0y 292 82 A3 ns

SHY REHA THSt 2B R 918 RS-422 X WL E{HO|A Ethernet W2 3|
A2 e
el

K-SRhartt Wi oI8h S A1 et % U A2t
iy

] 37 YOIE 9/ S CHERAIMS EO/R UM 2871 N 81y B 22422

us u sam, 7

S 201 A Y4 FUE B CIE OIOIUE FHAS

T RFSOCE %88 2HOICHS HBXRIN RUAIZ DEE §B A
uye.enn.ome. 8k

RCM 712t CBM+ ZHIR2) 48yt 617 ulyer 3 B2
e uns, 282 dey

T 7 U ARS0 6 222 AF 121 017|F LA System of
System 7] ot
preopttR )





OEBPS/images/_common/images/crossref.gif





