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I

摘  要 

水声通信技术是当代海洋资源开发和国家安全保障的重要组成部分，也是我

国海洋高技术急待研究开发的项目之一。随着现代海洋资源开发的迅猛发展和国

家海洋安全的迫切需求，水声通信技术的研究越来越受到人们的重视。但是水声

信道是一个十分复杂的时空频变随机多径信道，再加上高噪声、窄带宽、载波频

率低、大起伏、传输时延大等特点，给水声通信带来极大的困难，其中强多径效

应和大幅度起伏是造成水声通信性能较差的主要因素，它会导致信号幅度衰落和

严重的码间干扰。 

近年来实际应用的迫切需求，水声网络通信成为国际水声技术领域研究的热

点课题。而在水声通信网络中，实现可靠、稳健的点对点物理通信是水声网络通

信的前提。本论文选题正是在这样的研究背景下，结合国家 863 专项课题“分布

式海洋水声通信技术研究”而提出的。 

论文查阅了国内外大量水声通信相关文献资料，针对浅海水声信道的物理特

性，基于射线理论建模，采用了 Matlab 对水声信道传输特性进行仿真研究。仿

真结果表明，多途效应会造成接收信号的幅度衰落、频率扩展和码间干扰等，是

影响水声通信有效和可靠性的主要原因，所以在水声通信中必须研究抗强多途径

干扰的各种可能措施。由于扩频技术在抗码间干扰方面具有优良的特性，论文在

分析了各种扩频技术之后，提出了采用跳频技术作为水声通信调制方式。根据水

声信道声传输特点和跳频通信系统中同步信号快速、有效检测的重要性，论文设

计了一种同步字头与频谱估计相结合捕获同步，互相关检测线性调频信号完成同

步跟踪的同步方案。 

由于高速信号处理技术（DSP）的快速发展，论文研究了基于 DSP 硬件的

嵌入式水声跳频通信系统。在对水声信道进行较为深入分析的基础上，采用 DSP

设计并实现了跳频水声通信系统中的编解码与同步技术。通过实验室水池及厦门

港海上测试，系统可在一定传输速率下、实现高可靠性传输，在浅海海域（2～

12m），距离 3km 时，传输速率为 200bit/s，误码率约为 10-3。 

 

关键词：水声信道；跳频通信；DSP；解调
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Abstract 

 
 

II

Abstract 

Underwater acoustic communication (UAC) Technology plays an important role 

in marine resource exploitation and national security etc. With the rapid development 

of marine resource exploitation and urgent demand of National Ocean security, UAC 

Technology has been paid more and more attention. However, underwater acoustic 

(UWA) channel is expressed as a complex channel which is randomly variable in 

time-space-frequency, coupled with its high noise, narrow bandwidth, low carrier 

frequency, large fluctuation, and transmission latency, which bring a great difficult to 

UAC. Strong multi-path effect and large amplitude fluctuation is the main factor that 

it will lead to signal fading and severe inter-symbol interference (ISI). 

Urgent actual demand recently, underwater acoustic network becomes a research 

hotspot, in which a reliable and robust point-to-point communication is the 

precondition. This paper is just put forward in such circumstances, combined with the 

national 863 specific subject “Distribute UAC Technology research in ocean”. 

Consulted abundant domestic and foreign relevant references, according to 

physical characteristics of UWA channel, the paper uses Matlab to make a 

transmission characteristics simulation to UWA channel based on the ray theory. 

Through the simulation results, we can see that multi-path effect will cause receive 

signal fading, frequency spreading and ISI, which are main obstacles for reliable 

high-speed UAC, so all possible anti-strong multi-path interference measures must be 

studied. As spread spectrum (SS) technology in anti-ISI-interference has excellent 

properties, frequency-hopping (FH) technology is proposed as a concrete realization 

of the system through analysis of the various SS technology. 

How to detect synchronized signal quickly, accurately and effectively is one of 

key techniques of FH communication in UWA channel. A synchronized scheme 

suitable for UWA channel is proposed in the paper, which uses Synchronized-head 

method combined with spectrum estimation to capture synchronization, and 

cross-correlation detection chirp signal to complete synchronization tracking.  

According to rapid development of high speed digital signal processing (DSP) 
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technology, this paper concentrates on DSP-based embedded acoustic FH 

communications system, which based on the UWA channel of analysis, focusing on 

decoding and synchronization technology. Through experiments both in the 

laboratory’s pool and in Xiamen Harbor, this system can realize high reliable 

transmission in a certain transmission rate, 3km transmission distance is confined in 

the shallow sea (2~12m), with transfer rate up to 200 bit/s, and the bit error rate (BER) 

is about 10-3.  

Key words: Underwater acoustic channel; frequency-hopping communication; DSP; 

demodulate.
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