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Abstract For sparse underwater acoustic channels, compressed sensing methods can be adopted to improve the estima-

tion performance. The classic l0 or l1 norm, however, are limited in describing the block sparse distributed characteristics

of the underwater acoustic channel. We introduce the block sparsity identification term, i.e. block sparse approximated

l0 norm (BAL0) to address this problem. By adopting complex projected gradient method and then projecting the

gradient solution to a set of the underwater acoustic channel solution space, an iterative algorithm is derived to solve the

complex-field BAL0 norm channel estimation. Both the numerical simulation and experimental results show that the

proposed algorithm has significant performance improvement compared with classic sparse signal recovery algorithms.

By the derivation of the algorithm, simulations and at-sea experiment, one can conclude that the estimation quality of

underwater acoustic channel can be improved by exploiting its block sparsity in compressed sensing reconstructions.
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 � O<Uýf[ �f��6 p �f�f�f���<� L |�7 ~���� [24] " � 1
7���� / �����������Z� � vMò�E�õMö�- +Z¢�÷ õø�/ 7���� ��K�
 � /�O�U �Z�Z���.� �./ ( $ 2
� o O � ~���� � # ó [25] /
3.1 F�G�D�H- + õMø Y�IKJML�N�O - £ ��K � - £Zx GZ`
9 m / õ�ø x�y�z � � ����� 1

~
4 � � ~�E�F�G$ � 3 m, 4 8�P 2 ��� - � - 8 r c � 1.5 m, Q+ � �
� - 8 c x�R 1 m, � ~
c�H 1 km, S�T
��U

��V�W�X K�i $�Y�Z ��I 6(a) [ I 6(b) \�]�/_^�`
`�a�b�c QPSK d�e�f�g�a�h�i�j 4 kBd, k,l�m�i
16 kHz n�S�Tok,p�q�r�s�`�a�t�`�uov,j 14 dB nw

7 xy]ytyz BOMP {y|y}y~yty�y�ySyT
SIMO ��� 4 ��`���t�`�������n_� w 7(a)(b)(c)(d)

t 4 ��^���t�`�� w������������ `����������������������� f���� ��� ����� �¢¡�f�£�¤�¥�t ���¦�§�¨ ��� f�© � § � t�¤�¥�ª�«�[�£�¤�¥ ��¬ n
3.2 ­�®�¯�°

��c BAL0 {�| � W���� 3 ±�²�³�{�| (AL0 {
|�´ OMP {�|�´ BOMP {�| ) µ�¶�·ov,n¹¸�º�»�¼
S�½�¾Dk�¿�X�`���À�Á�����Â�Ã�Ä�|�Å�Æ�}�Ç�f�ÈÉ b�c CE-DFE Ê�Ë � {�|�t ¬�Ì � W�b�c 1.3 Í
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��� t BER, OSNR [ RPE ��Ã���j�Ê�Ë���	�n
b�c�
�� ¬�
���������� f�����Ã�����£����

160 ����� ����
�� [ 480 ������´ ��!�"�t�`�a 
� n ¿�X�`���#�Ã�$�V�j � `���!�"�%�t�#�Ã n=80;

&�' ¶�Ã m=160; ¤�¥�( κ=12, £�)�(�$�V�j d=

2 n · AL0 [ BAL0 {�|�f ��* ½�+�,�-�Ã J =4, .
)�/�0�1�2 β =0.7, {�|�3�46587 σth =10−4 n�b�c
4 ^ � CE-DFE µ ¶ ` �9!9"9:9;9<9=9>9?9@ fBA

(a) C D E F G H I J K L (b) G H E M N O P Q
R
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(a) T 1 D U (b) T 2 D U

(c) T 3 D U (d) T 4 D U
R
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Ã�t�$���?�z ��� {�| ¬�Ì ��»�����j�����nw

8  �]���!�" § � `�� ! " %���t ? @ %����#�$ i�%�& ������� f OMP
#�$ i�'�(�f � v*)

��f BAL0 ª,+,-,.,/,0�Ã�:�`���£�¤�¥�t ��1 f #$ i���»,�,2�f43�? #,$ i,5, 1 \�]�f ������� f
1 BOMP {�|�6�c�-�`���£�¤�¥�t ��1 f87�~ #�$
i v OMP 9,2�f ��» 0.6723%, :�È É BAL0 {�|,'; ��{�| ¬�Ì 9���f ��» BER t���2�7 0.5836% n

R
8 <>= D U>?>@ V W>A>B _ CE-DFE C>D [ BER E>F

ρOSNR G�H 5�I (12),
w

9  �]���!�" BOMP,

OMP, AL0, BAL0 `�� ! " %���t ? @ %�� � t�`
uov,n ª�+� 1 J � t�3�?�7 ������� f OMP {�|
~�»�t ρOSNR ��2�f¹j 8.5733 dB,

� v*)�� BOMP

{�|�1�b�c�-�`���£�¤�¥�t ��1 f�~�»�t ρOSNR '
OMP 9�(�f�j 9.4029 dB nK: BAL0 {�|�ª�+�-�.
/�0�Ã :�`���£�¤�¥�t ��1 fK7�)�' ; ��{�| ¬�Ì
9���f���» 10.0071 dB n

ρRPE G�H 5�I (13),
w

10 \�]�j�!�" BOMP,

OMP, AL0, BAL0 `���!�"�%,��t,L,M,N,O #,P n ª
+, 1 t,3�?�7 ������� f OMP {�|�~�»�t ρRPE �
( f j 0.0998 dB, : BOMP { | 1 b cQ- ` � £ ¤ ¥
t �,1 f ~�»�t ρRPE ' OMP 9,2�f j 0.0877 dB nR:

BAL0 {�|�ª�+�-�.�/�0�Ã�:�`���£�¤�¥�t ��1 f
7�)�' ; ��{�| ¬�Ì 9���f���» 0.0774 dB nK!�"� {�|�~�»�t�S�T w�U�w 11 \�]�f ����V�W�X�Y��� fK!�" BAL0 {�|�~�»�t�S�T w '�)���� 3 ± ;
��{�|�~�»�t,9,Z,[,\�f]  �¢��!�" ¬�Ì,^,_ 9,`�nw

12(a)(b)(c)(d) a,b�x�],-,c 1 `�� ked,f,g,h,i
0.1 s g�j���f�b�c § � {�|�\�~�»�t�¼�k�Ã���½�¾
��¿,��`���À�Á���� w n�� k ������� f�b�c,-�£�¤
¥�ª�«�t�{�|�lDv ��b�c�£�¤�¥�ª�«�t�{�|�9 Ì !
" � ¿,��`���t,m�Í�f4n���z BAL0 {�|�f4� Ì 9�Å
m Y�o�p���� ��a�q�t�m�Í�r�a�f���: ��^ Y�s (
-�`���!�"�t�Å�(�n

R
9 <>= D U>?>@ V W>A>B _ CE-DFE C>D [ OSNR

R
10 <>= D U>?>@ V W>A>B _ CE-DFE C>D [>t>u>v>w>x>y

z
1 <>= V W>A>{>| BER, OSNR, RPE }

V W>~>� BOMP OMP AL0 BAL0

BER (%) 0.6723 1.2388 0.7098 0.5836

ρOSNR (dB) 9.4029 8.5733 9.4801 10.0071

ρRPE (dB) 0.0877 0.0998 0.0858 0.0774

z
2 BAL0 V W>�><>=>�>� Q d }>A [ BER �>�

� [>� Q 1 2 4 5 8

BER (%) 0.7098 0.5836 0.6989 0.8581 0.9742
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(a) BOMP V W (b) OMP V W

(c) AL0 V W (d) BAL0 V W
R

11 <>= D U>?>@ V W>A>B _ [���� R

(a) BOMP V W (b) OMP V W

(c) AL0 V W (d) BAL0 V W
R
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z
3 4 � V W>B G�� G H�������� [>{>|����

V W���	 BOMP OMP AL0 BAL0

������� (s) 0.0012 0.0015 0.0013 0.0016

¸�º�»�£ ) ( ��Ã d t $�� 
�
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j�¸�f�£���� ) ( ��Ã�· BAL0 {�|�t 
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d�f��
�
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