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Abstract A novel noise background normalization algorithm is proposed to deal with the multi-target signal detection

problem of passive sonar. The key of the proposed algorithm is composed of three main parts, Dilation operator,

Erosion operator and polynomial fitting method. The Dilation operator and Erosion operator are commonly used in

Mathematical Morphology signal processing, and the polynomial fitting method is used to evaluate the mean value of the

data. By using these three basic methods, the threshold of the noise is estimated accurately, and the proposed algorithm

performs well in noise suppressing while preserving as much signal information as possible. Performance comparisons are

given through computer simulations with the Split Three-Pass Mean (S3PM) algorithm and the Order Truncate Average

(OTA) algorithm. Results showed that the proposed noise background normalization algorithm could depress the false

alarm rate substantially when the cost of the detection probability is slightly. Real Bearing-Time Record (BTR) data

of passive sonar is also used to check the capability of three algorithms mentioned above. The novel proposed algorithm

presents a better performance than the other two methods in practical applications too.
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2013 �þ������ Ï I�J�K $�% Ñ [�\���� ú�3 ù å
(Beam-

domain broadband Peak Energy Detection, BPED)VBW  KÇÌ	�	
ÇúB3	�	�		�ÇÌ �B2
[2];
� >ÇÏ��

)7879 Ì��=� Þ ÌÝÏ�)7J7K��Ýà	���	� �	� Ì �72
���ÝÈÝÉ������Ýà7!Ýì��7.������7.ÝÌ� 	!�"�#�$ô õÛ÷7� ( ù åÝÌ�%�&ÇÏ�'	(Ýü � õø÷Çù åÇúÇûÝÏêÀì�)��������ÀÏ I

Two-Pass Mean (TPM) * 2�+
Split Three-Pass Mean (S3PM) * 2,+ Order Truncate

Average (OTA) * 2,-,. 1�C�/ * 2,+"-,/,0,1���22
[3−10]

� .�3�>ÀÕ ��2 !Àü � ßÀÓÀàÀá õ ÷Àù å��
��.,4 ï,5,6 �,7,8�KÿÏ:9,( × � � >ÿÕ ��2 ú�
��;,�,�,�ÿà,<,=,>,?ÿÌ,%,&ÿÏ@)�� ù åÿÌ������ � �
 Ï:�ÿà,�,�,� �,����2 Ì����,A,B,CEDGF�/�0E� �
 ï,H @ õ�÷ÿù åÿÏ:I,J,�ÿà,�,�,� �,� * 2 Ì,?ÿúôÿßÿÓÿàÿá Þ õ�÷�� ( ù åÿÌ,?ÿú��,�,�,%,& � î���Ýà������ ���7�72�K 97� � ��;�LÝü �Ýý õÛ÷7�
( ù åÿÌ����ÿÏ:M,N,9,O�!ÿô,�ÿàÿÌ,�,�ÿúÿû, ,PÿÏ�ÿà ù å * 2 ������� � Ì,Q,RÿÏSI,JÿÏS',T,U U KV�W Ï�	�/ ��X ä�Y���;�)��������ÀÌ ��2��

Z\[ ü í ý;� Õ\];6 ¾ �;?\^\�\_ $ (Mathe-

matical Morphology Filter, MMF)
Ì	�Çà	�	�	� �

����2
( `,a MMF * 2 ), U K�6ÿßÀÓÿàÿá õ�÷�� (ù åÝì ï ��;�L������	���ÇàÇÏ�!�b	c � CÇÌ ù å

�7�ÝÌ�dÝü�e D�f )7� ù å * 2 ÌB�B�7�ÇÏ�g *�hi�j T�k���T�UÀàÀá ¾�l !�k�m ý�n * 2 Ì�?Àú �
1 oqpqrqsqtvuvw
1.1 x�y�z�{�|�}ôB6ÇßÇÓÇàÇáÇÌ Þöõø÷B� ( ù å 0	1 Ï�1	] Z
~ , I -

1 � `7� ������� 4��������ÝÌ � ( !ÝÊ��� D + _ $ +���� 2�� 8��7^ 6��
M ò ��� Ntò ��� ì����7@ÝÌ ��� ��� ¾�l SM×Nt

;
n ¾�l ��

NF � FFT
�

(
 X�� RTS7U )

$7% ?7@����7@
�,�,�

P ò � M . � ( ���,#,$ÿÌ ¾,l HP×NF
;
ô

1�/�0�� \ ú�3���ÀÏ�^ 6 � ò P � MO3 Y (θ), �) �7*7+7,7- !���dÝì	�ÝÌB�B� � Ê � �Ýà	�	���
��� ��^ 6�� Ì'MO3

Y
′(θ); ��� A�B�CÀÌ�D�F DT/�0��O�ÀÏ � 6�D�FÀÌ � MO.Àß�� � � õ ÷ �

�ÿà,�,�,� �,� Ì �,����2 ) ¿@�,  Ï@¡ l,¢ 01 ¾	l	£	¤ � CÇÌ	¥	¦ (
I ¾	l ! �	§	- B	CÇÌÇâ¾ [3]) ¨ g	�Çà©DªF ��« K ¢ 0	1 ¾	l H	¬	�Çà©DFÿÏ® �,� ��P�6 0

Ì ¾,l,¯ 0
� I�J Ï®¥,° ¨ g,�à�D�F�)��Àà������ ��� Ì�±�²�³�´ �
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0
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1.2 Ä�Å�Æ�Ç�Å�È�É�Ê¾ ��?�^�� (Mathematical Morphology)
)�#�Ë

Ì,Í ?,Î,���,ÏÿÌ ¾ � ��2 Ï �,Ð,Ñ ! <,Ò�V ¾ Ì,]Ó .ÝÏ�)7K <�Ò�Ô7�72 C73�Õ�3 <�Ò ��ÏÇÌ��	Ö �
1985 ×�� �ÀÏ ¾ ��?�^���Ø�Ù�@ � #�Ë -�/�Ì�Í�ÚÛÀÌ�Ü�Ý

[11−12]
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(Dilation)
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(Erosion)
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A ⊕ B =
{
z|

(
B̂

)
z
∩ A = ∅

}
, (1)

1'& ¿ A
�

B
)

Z2
& Ì <�Ò Ï

A ∩ B è ` A
A

BÌ�é < Ï
B̂ = {w|w = −b, b ∈ B} è ` B

Ì ��ê Ï
(A)z = {c|c = a + z, a ∈ A} è ` A

=�ë 6 � z
�ê � Ï�K

B
ô

A
/�0�å�æÀÏ�C�ç � ¿

AΘB = {z|(B)z ⊆ A} , (2)

1'& ¿ B ⊆ A è ` B
)

A
Ì á <��ô�6 �,ì M 3ÿÏíå,æ *,á,î �,� N�P � _ $ 4ÿÏï -,ï ^,ð l,ñ e,Þ,ò,ó@ô,õ ñ,ö â�ä,÷ á�î,ø�ù,úû,ü,ý,þ,ÿ ö���� ï�� ð�� ñ�� Þ,ò ö���� 2 	�
������������ ñ����������������������,ñ ð�� Y (θ),��� � −86.04◦ � −71.64◦ ���µñ! !"!# ü!$ 
!%
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1.3 ������������������������� �! ð�"�#�$�" ý�þ ñ!*!+�%�&('!�	ø�)*,+.- ù [13]:

Yt(θ) = Ymean(θ) +
Ymax(θ) − Ymin(θ)

2
, (3)

Ymean(θ) = c0 + c1θ + · · · + cNθN , (4)
� � � Ymax(θ) ��/�0 2)3 ÷)1 ��1 ñ ð!� Y (θ) ñ
��8 ò,ó Ymin(θ) �2/20�/�0 ÷�1 �21 ñ ð�� Y (θ) ñ3 8 ò,ó Ymean(θ) �2420252627 �28 �2� �21 ñ ð��
Y (θ) ñ�9 ü ó c = (c0, c1, · · · , cN ) � ��8�: ð �

*)+�%�&�')��ø�) *�; ñ ð)� ù��
Y

′(θ) =

{
Y (θ) − Yt(θ), Y (θ) > Yt(θ),

0, else.
(5)

2 <>=>?>@>ACBCD
2.1 E���F�G�H�I�J�K

L(M "ONQP(R(S(T(U ô(V �	öW5ONQP  �(�(�X�Y �!��î�ø�ù!� � ð!��Z\[�] ñ�^_N`P  �����X2Y öaU2b��2c2d,öae2f2g2%2&�*�+�h2i 3 � �)�kj�ml�n(o ^!"_N`P�ñ�h�&(p�q(r ÷(s(t�u ö ((v�wx 	�0�ñ  �! ð�"�#�$�" ý�þ ñ!*!+�%�&�' ��ø!�
�)�yNzP )����� � ñ�d�{)�|�} ].~ ; ñ�^)")� �)�.j�����ù 2001 ��ö�eõ !

[−180◦, 180◦]
Z\[�] ñ !� {�j�öW) *�� ����

21 �,ö�e [−30 dB, 5 dB]
] ñ2��"  *��kp2q 200�2�2�2�2� ö ù��2�2e��Gö � ô2�2�2� 3 e S3PM

÷
� � OTA

÷ �2p2q�7 t2u �2� ö �2����� 0 ���2�
� Pd

� �2�2��� Pf p2q2�2j,ö ��� 3 � � 4 	�
��� � 3 �!�!-!.�ö w x�� .�ñ MMF
÷ � o��

,ñ2�2�2�,ö ô e ! S3PM
÷ � � OTA

÷ � o��k�
ñ�����ö MMF

÷ ��ñ���9������\�m ! �� ÷ ��¡
 0.1 ���,öa¢�� �2� ñ  *�� Z�[2]k£  *���ñ2¤¥ ö§¦2�2�2¨��2© û � L  *��Gù 5 dB �,ö MMF

÷
�,ñ2�2�2��� S3PM

÷ � � OTA
÷ � (2ª  0.1254

� 0.1186 � ��«�ö w x�� .�ñ MMF
÷ �!�!� û�¬ �® o���� ����ñ������)�

� 4 	 
Eñ ��¯�� ���Eñ ����� �Eñ�e°�2h
i,ö ����-�.,ö MMF

÷ �,ñ �2� d2{ l �  *��k±!
−26 dB

;�²  !)��³  ��)����öz´)��öz¯�� ÷ �
ñ �2� d2{292µ2¶ 3  öa· 4 µ2b�¸ óa¹ e !� *��
f ! −26 dB ñ2h2i,öº¯2� ÷ �292{2»2¼2½2¾ �2� ö
¢�d�{�¿ � �

9
3 ÀÂÁÂÃÂÄÆÅ�ÇÂÈÂÉÂÊÂËÂÌÂÍ

9
4 ÀÂÁÂÃÂÄÆÅ�ÇÂÈÂÉÂÊÂÎÂÏÂÐÂÍ� ��Ñ (�v �!�!-!.�ö MMF

÷ � l ��d�{�µ
¶�Ò�ø�ñ  *\�mÓ�Ô ]ÖÕ b � �(�(��� �	ö ¹ �(1
��×!" ���! *\� Z\[(] ñ(���(� û�¬( �öWe !Ø�Ù�õ 0�Ú�Û)�)��Ü�Ý�ñ)�
2.2 Þ�ß�à�á�â�ã�I�J�K

4�0!��ä�å�æ�7�ç�è�é!+�
 Ø�Ù(ê �(��ë(ì �í ù�e w x ��� ÷ ��ñ ë�î ö � �!� �!� ��ñ ' (ì � �)� 5 	)
)�W¦ ì � �.n�o ¯)"yNzP � �)"�ï

9
5 ðÂñÂòÂóÂôÂõÂö 9 ( ÷Âø )

�úùÂûýüÂþ ÊÂËÂÌÂÍÂÿ��ÂÀÂÁ��<:��<F������ÂÄ��ÂÇÂÈÂÉ��ÂËÂÌÂÍÂÊ�	Âÿ�
�������������ÂÊ��������ÂÃ������ÂÉÂÊÂÎÂÏ�����
����ÿ��ÂÊ����������ÂÃ������ÂÉÂÊÂËÂÌÂÍ�
! ���"�#ÂÃ���$�%���&ÂÊ<=�'ÂÊÂËÂÌ�����(�)�	Âÿ�*!+ ü 
 ÃÂÄÆÅ����ÂËÂÌÂÍÂÊ<C<D���,�-�*
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+�� !� öW¯!"_N`P�ñ����!����� (�ª ù 77◦, 90◦,

110◦, +�� !����	 0.125 h 
��!.�®�ö ���µù 61◦,

S�� 11 s ��)�
e�¦!�!�!�!�!� ì � (�ª 4�0! ���) *�� ��p

q!*!+�%�&�'!��ø�ö ���() *�� ��± ! N`P  � ñ����� ��ö��!����) *�� � û�! N`P  � ñ �����
��ö ��� e S3PM

÷ ��� OTA
÷ � � MMF

÷ ��ñ
d�{�p�q,� � öW) * ��� �)� 6 — � 11 	)
)�

� 6 — � 8 	)
�ñ)��) *�� ��± !))� �����
��h�i 3 ñ!*!+�%�&�' ��ø() *�; ñ ��� � � �!-

.�ö S3PM
÷ � � OTA

÷ �!�� ���h�i 3�� .�®
“ NzP )�)(�� ” ñ�h�i�ö����)���)�)"yNzP�ñ !���� ù! !" V�� N`P�ñ !� ö ¹ MMF

÷ ��·�U �
��2 2�2h2i,ö �2/2) *2� � � ±,ö �21 ñyN P ��!�"�# ×)�

� 9 — � 11 	�
,ñ��2) *2� � û2!��� �����
�2h2i 3 ñ�*�+2%2&2'��,ø2) *2; ñ �2� �a´���öa¯
� ÷ �292{�$2¾,ñ �2� . �� ö %���ö & }�' ^�e��
������2®,ö S3PM

÷ � � OTA
÷ � �21 ñ°N P � ñ2{2j �)( ��*2U�+�.,öa·2¢ ��� � � ö �2³ ��*

9
6 S3PM �-, þ-.-/-0-1 �ÂÃ��-2-3-4-5ÂÊ þ-. ��� 9

9 S3PM �-, þ-.-/-0-6 � Ã��-2-3-4-5ÂÊ þ-. ���

9
7 OTA �-, þ-.-/-0-1 �ÂÃ��-2-3-4-5ÂÊ þ-. ��� 9

10 OTA �-, þ-.-/-0-6 �ÂÃ!�-2-3-4-5ÂÊ þ-. ���

9
8 MMF �-, þ-.-/-0-1 �ÂÃ��-2-3-4-5ÂÊ þ-. ��� 9

11 MMF �-, þ-.-/-0-6 �ÂÃ!�-2-3-4-5ÂÊ þ-. ���
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!�" o�� 5!*!+!%!� ó MMF
÷ ��) * ��1 ñ_N`P!����� ¢�{�j�� � ö �(³ ��*��!* +�� l(o�� j�	� � ´�
�ö e ! +�� )� ö OTA

÷ ��� (�� {�
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÷ ��� (�� {�,ú 5 ö<����½2¾�� �ª .��)� � ��)�
e,� � 8 � � 11 �)�)-).�ö £�� ) *�� ����¤¥ ö MMF

÷ �2) * �21 � �� {2j��,ù�� � ö *�+�	� ��� � �� ��Ñ (�v �!�!-!.�ö MMF
÷ �!��e Ø�Ù �

	!+�
!�!�!�!�!���!*!+�%�&�'!��ø�) * � $ ®!.
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