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Modulation Recognition Method of Underwater Acoustic Communication Signal

Based on Transfer Learning

LIU Lanjun'?, WU Kunyu', CHEN Jialin'?, LI Ming"?
(1. College of Engineering, Ocean University of China, Qingdao 266100, China;
2. Shandong Provincial Engineering Research Center for Marine Intelligent Equipment Technology, Qingdao 266100, China)

Abstract: Multi-system adaptive underwater acoustic communication supporting multiple carrier modulation modes can make efficient use
of the communication bandwidth of time -varying, frequency varying and space -varying underwater acoustic channels. It is one of the
development trends of underwater acoustic communication technology. Aiming at the requirement of automatic recognition of signal carrier
modulation mode in multi-system adaptive underwater acoustic communication, an underwater acoustic communication signal carrier
modulation recognition based on transfer learning (UACCMR/TL) is proposed. Through multi-system underwater acoustic communication
system modeling and underwater acoustic channel modeling, the time series data sets of four typical underwater acoustic communication
carrier modulation signals are generated, including single carrier time domain spread spectrum (SC-TDSS), single carrier frequency domain
equalization (SC-FDE), orthogonal frequency division multiplexing (OFDM) and multicarrier frequency domain spread spectrum (MC-
FDSS). The time series signal data sets are converted into time-frequency image data sets by time-frequency analysis method, and the deep
learning model VGG16 in the field of image recognition is applied to the recognition of carrier modulation mode of underwater acoustic
communication signal by transfer learning. Simulation results show that the proposed UACCMR/TL method has good classification effect on
SC-TDSS, SC-FDE, OFDM and MC-FDSS signals. When the SNR is more than 5dB, the classification accuracy of the four signals remains
above 90%. When the SNR is 15dB, the classification accuracy of the four signals is close to 100% . At the same time, the proposed
UACCMR/TL method can achieve good recognition performance and good channel generalization performance in small data sample model
fine tuning of different channels.

Key words: underwater acoustic communication; modulation recognition; time-frequency analysis; transfer learning; adaptive communica-

tion



