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Abstract: To solve the problem of the severe inter-symbol interference of orthogonal frequency division multiplexing 

(OFDM) communication caused by underwater acoustic multipath channel, a virtual time reversal channel equalization 

scheme was proposed. VTRM was able to shorten the channel impulse response and alleviate the phase distortion caused 

by the acoustic channel for its characteristic of the temporal compression and phase conjugation in frequency domain. 

The matching pursuit (MP) algorithm was applied to estimate the channel impulse response which could estimate the 

channel amplitude, time delay and phase accurately. It provided the channel information for the VTRM channel equaliza-

tion. It also improved a lot compared to the traditional matching correlation channel estimation method which couldn’t 

estimate the channel phase and the estimation precision was low. The simulation, pool trail and Songhua lake experiment 

show that the performance of VTRM channel equalization is better than that of the PTRM and LS channel equalization in 

the OFDM underwater acoustic communication. 
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3  ��������	
� 

3.1  ���� 

��º» VTRM�)*+�lR!>�Matlab

úû�²³!²³uw��� VTRM�)*+�

LS �)*+eµ PTRM �)*+�jk·8l

RV²³¥´��>�?� 48 kHz!jk�;�

¶� 4~8 kHz!FFT ¤´� 8 192!�� ;·�

5.86 Hz!>� QPSK ¡V¨�!VTRM�)*+

>� OFDM��¢�ÇÈ��!ÇÈ��	��³

�;·��Ñ���ý!LS�)*+>�¸¹®�

µ¶�)!¸¹®���� 3!PTRM �)*+>

� LFM��¢�ÇÈ��!LFM��	��³�

20 ms!;·�jk²³;·�ý!̄ °±²,̄ °

Î²eµ
ð��í�����*N`²³�

)�	N��	
�³V 

²³�)>� BELLHOP

[30]

ìù��º»¶è

ãF!²³¥´���D¼ª�½¾¿ 9ÀÁrÈ

�3×!�õ 4ö÷!Â³N` 8 mÃÄ	�DÅ

s�ÆÇ�ÈÉ³!Â³¿` 8 mÃÄ	�DÅ

s�ÊË�ÈÉ³!¨8²³¥´��|ì�R

ÌÂ³� 6 m!~{�RÌÂ³� 5.8 m!�ÍÎ

K� 2 kmV¶èãF���)ÌÍ£(�õ 5 ö

÷!�U�Z��)�Ï¬Uë³���V 

 

� 4  ������� 

 

� 5  	
������ 

õ 6�Z��õ 5ö÷��)O!Qý*+a

Á	·8?°�Ë�TUÐùV¨�!�U���

LS �)*+,PTRM �)*+,á¯°Î²	

VTRM �)*+,¯°Î²N`�)��	
	

VTRM �)*+eµ�p�)ÌÍ£(		�]

^�)*+�jklRV½õ 6deFZ!VTRM

�)*+� PTRM�)*+*w` LS�)*+!

P VTRM �)*+Ð~2`�p�)�Ñ	�	

]�)*+lRV��	]�)*+de´�M�

���Ñ!Yi~{�Ë�!BC��;<� ISI!

ý	 VTRM �)*+deéêµ¶Z�)ÌÍ£

(!9: PTRM�)*+�ÇÈ���¢£!�W

deú¬þYi�Ë�!2P~2�p�)�Ñ	

*+�jklRV 

½õ 6�ý	deFZ!0Q�Æ¯°Î²!

VTRM�)*+�·8lR~2` LS�)*+!

¥�Æ¯°Î²Î!VTRM�)*+·8lR9:

w` LS �)*+!»9�¯°Î²de9:¼$
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¡	]�);<� ISI!2P»9��`�	¿�

��)¯°Î²�twlV 

 

� 6  ��������� !"#$ 

3.2  ����	
�� 

�ª�%²³�®����)O!LS �)*

+,PTRM �)*+� VTRM �)*+�·8l

R!��ú¬þº» VTRM�)*+�"fl�d

Ñl!��Òrº�¿Ó3×úû��®��!�

î�Z�Òrº�3×V 

|ì��;·� 6~12 kHz!¨8¥´�²³

¥´�ýVrº%Ã�>�õÔ¢�´��Õ!õ

Ö! 80 000 bit!D�¬×ØÙX��Úý	{|

��!P�Ò�X�ÛÜ�!W	��)de23

�	QT�)V�% ÝÈ7ÞNÌ7ÃßT|ì

��à?!½¥ãFQý�~{�Ë�VD� LFM

��ÛÜ�Ó�D�ÇÈ��>� MP èbµ¶

��)ÌÍ£(�áâ�õ 7ö÷!½õ�deF

F!X¡µ¶�3×�^~2!�)�����ã!

>�MPèbµ¶�KL��)ë³����õ 8

ö÷!deFF!�`Qý��ù!I�Qý��

�g!0c~�ë³�Ñ!HI���;<���

%TV 

õ 9�Z�Qý�Ë�O!LS�)*+,PTRM

�)*+� VTRM�)*+�·8?Ðù!½õ�

deFF!	]�)*+9:w` LS �)*+!

P VTRM�)*+w` PTRM�)*+!d9MP

èbde�Õ¼µ¶Z�)�Ñ!äå� PTRM�

)*+�ÇÈ��;<���!Q%�)��æ�

ã!MP èbç��´æ�!¶è7æN!QM`

r	rsV 

 

� 7  %&��'()* 

 

� 8  MP+,-./������ 

 

� 9  ���0#1 !"#$ 

�Òrºº»�	QT�)O!VTRM�)*

+�lRw` PTRM�)*+eµtk� LS�)

*+!��º»I�����èéO!VTRM�)
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*+�lR!Oª�Z¿Ó�3×V 

¿Ó¼¤�êëìêëí½¾¿!rº	��

2011î 9À!rºÏ�Âï 30 m!|ì�RÌð

ÞÂ³� 6 m!~{�RÌðÞÂ³� 3 m!§¡

�Îï 1.89 km!~{ñ�|ìñ*Ï`&eòó

¹ô!e`õö/�¢£!§ñI�÷ø���)

vVe�D¼ªùÈã��DÉ³�õ 4ö÷!e

|ì���óýþ� LFM ���%ÛÜ�ÓÈã

�	T�)ÌÍ£(�õ 10(a)ö÷!̈ �;¬	ú

��)ÌÍ£(�õ 10(b)ö÷!½õ�deFF!

" 4k9:�MN!P�Në³��N!	N��

	
ï� 5 ms!�)	TQ9:V 

rº�|ì��>�8?� 1/2 �ÉÊ78!

78Î�´òúû�°�û!̧ ¹®���� 2!

¨8¥´²³¥´�ý!~{�ü�õ 2ö÷ýÃ

úûÏqVÏq3×�( 1ö÷!�Z�µ¶�~

{�Ë�

[31]

,§ñí����)vD³eµ LS *

+,PTRM*+� VTRM*+�8±Î�·8?!

§ñ���)vD³e|ï����Ì��µ¶

ãFV 

½( 1�deFZ!e`õö�¢£!§ñí

�I���)v!P)vD³2Q*þ!LS�8±

·8?��i!�%�ÉÊ78��8�ß!<�

´ò�8Î·8?]¥��!¥#% PTRM�)*

+Î!�8±·8?� LS �)*+��!"¬ü

�OB!b�#%�8Î!·8?OB��9:!

¥#% VTRM�)*+�Î�·8?ú¬þBC!

9:w` LS �)*+�f×!º»�GD�	T

�)O!VTRM�)*+01HÂde�Õ�µ¶

�)�Ñ!́ �M��)���Ñ!âã����!

YijklRV 

 

(a)�@��'()* 

 

(b)AB�C��'()* 

� 10  �����'()* 

4  �� 

X#uw��� VTRM01�` OFDM�)

*+�dûl�dÑl!YZ�'4���ó3ô

eµ	T�)O~{�3ô!>��MPèbµ¶

� 1 ������� 

-.�0#/dB 

-.��

/(m·s

−1

) 

LSD!E 

!"/% 

LSD!F 

!"/% 

PTRMD!E

 !"/% 

PTRMD!F

 !"/% 

VTRMD!

E !"/% 

VTRMD!

F !"/% 

21.7 0.45 10.04 6.77 8.50 5.35 6.92 2.67 

20.6 0.41 8.58 4.39 7.26 0.4 6.92 0.59 

21.1 0.37 10.67 13.98 7.95 4.46 8.57 3.86 

21.4 0.39 10.11 9.23 8.58 2.60 7.44 1.19 

23.1 0.48 7.66 2.16 7.07 1.78 5.27 0 

22.5 0.35 8.50 5.88 8.02 4.31 7.77 3.57 

22.7 0.37 8.42 6.28 7.07 3.83 7.71 2.22 

22.1 0.29 8.65 4.53 8.72 3.79 7.47 2.08 
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�)*+� PTRM �)*+,LS �)*+�·8

lR!²³3×(9!á©��q�)O!VTRM

�)*+�lR	Õ!����	]�);<�

ISI!�w�ÆN`�)	N��	
�¯°Î²V

½�Òrºeµ¿Ó3×deFZ!�i�Ë�

O!MP èbdeéê¼µ¶Z�)�Ñ!½¥´

�M����Ñ!DlRw` PTRM�)*+V 
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