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Abstract By analyzing the reconstruction process of the statistically optimized nearfield acoustic holography (SONAH),

it is found that selecting regularization parameter too small is the essential reason for the low accuracy of SONAH when

normal velocity on the surface of noise sources is reconstructed. In order to improve the reconstruction accuracy of

SONAH, a method for optimized selection of elementary planar waves is proposed to guarantee the correct selection of

the regularization parameter, in which all the propagating waves and parts of evanescent waves are retained and parts of

the evanescent waves related to high wave number are eliminated. Moreover the order of the transfer matrix of SONAH

decreases after using the proposed method, consequently the problem that the computational speed will become slow

rapidly as soon as the number of measurement points increase can be solved simultaneously. The numerical simulation

and the experiment are conducted to demonstrate the validity of the proposed method, and the results of which show

that both the reconstruction accuracy and the computational speed of SONAH are improved a lot by the proposed

method.
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� (9) â ã�K à�ì�2 * � � ñ�·�¸�¹�K�z 
�� ��/ �� É79 � * i ñ!r!Ç!z�ô�L�ë�ñ {!| z ¨ ë!øÃÅ ;�<� Æ � û�ê_v � ¹�?�ê�ñ d y_z_´�ñ {_| z ¨ ë_øM ä � ~��!t!u A ñ��!´�ô É	� 0!1 �!: ´ λ ñ!�
��N A ñ�O � � ñ Ý
3 PRQRSRTRUWV

Ó_K ã ��X�Y�Z�ï 
 J å ·_¸_¹_K_z 
_� ��/�!� ñ i � l æ�ç�[ ��Ý Y�Z�ñ�\�]�ï 0.8 m×0.8 m,^ � ï 0.003 m
Ý
_
` 
 Ú � Z�ñ íba ø _ N*c ï

10 N
Ý  �" K�ô ��� K�ñ í$a õ�ô�Z í$a � å ø
D

E�õ�ï 0.8 m×0.8 m,
Û�ò ë�g í '�½�K�E�ñ  �
 ë

±!Ñ!Ò�� Î�Ý ï
"�d � w!x Ñ!Ò!ø å! �" K 
!#�e �� � ë ï 30 dB ñ!0�f�ë!±7g ��h �!
 Ý ��� ø B �

� ; I í .�/ Tikhonov 0�1 � N A���� ; I øn0�1�!: ´!�!� �!� ì�2�ï L =�> � Ý ]!^ A�i SONAH��� (�) ï �

err =

√

√

√

√

M
∑

j=1

∣

∣vartrue
j − varreconstructed

j

∣

∣

2

√

√

√

√

M
∑

j=1

∣

∣vartrue
j

∣

∣

2

× 100%, (11)

� í M ï �!� 
 � ´!ø vartrue
j ô varreconstructed

j ë �����j
j ½ ��� 
 � ë�g Í " ñ ��k ê ¡���� ê Ý]_^ ë_g_ì�2 * � � �_� B � y SONAH

�_�
� � � K ñ � � Ý  " K Ú � B�ClZ � K 0.05 m

� ø��� K Ú � B�C�Z � K 0.02 m
��Ý �  �"�
 ´�� ï

21×21,  �-�ë � ï 200 Hz, 400 Hz ô 600 Hz
b ø .!/

·_¸_¹_K_z 
_� ��/ �_��m_8 SONAH
�_� * , b

¤�ô 
!#!�!�!�!� ñ åïë Ô�� 1
*���Ý ���

1 â ã �ä .!/ 
!� ��/ �!� £ m ø t!u�ñ���´�ï 1681×441,

SONAH
�_� * , b ¤�n�ï 13.2 s;

Û ._/ 
_� ��/�!� £ 8 ø t!u�ñ��!´!v � e�o�ñ�p
ë!£�Æ!øJ� ²!å��� * , b ¤ � 5�5�~���øqn�ï 4.6 s
ÝaB 
�#����

(!) � K!ø .!/ 
!� ��/ �!� £ 8�r�i ~!v�­ j�ñ q.!/ 
!� ��/ �!� £ m ÿ!q!£ 8 ø 
!#!�!� (!) õ j
5 Ý�� Æ�s�t�ô m 2 í � ä ñ_0_1 �_: ´ λ �_� d
v å 
�#�������� ��� j 5�ñ�� k ��u�v Ý�

2
íxw�� ñ!q  !"�
 ´��ßï 31×31,  �-�ë �

ï 200 Hz, 400 Hz ô 600 Hz
b ø .�/ ·�¸�¹�K�z 
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�
1 ���������	� 21×21 
�� SONAH ��
�
�������
��������

�	����� ��������� ���������
200 Hz 400 Hz 600 Hz 200 Hz 400 Hz 600 Hz���

A ����� 1681×441 473×441 481×441 465×441

��
� �!�
�� (s) 13.11 13.23 13.19 4.63 4.65 4.59"�#�$�%�&�'
(%) 3.61 4.22 5.33 3.16 4.06 4.68

�
2 ���������	� 31×31 
�� SONAH ��
�
�������
��������

�	����� ��������� ���������
200 Hz 400 Hz 600 Hz 200 Hz 400 Hz 600 Hz���

A ����� 3721×961 793×961 805×961 793×961

��
� �!�
�� (s) 164.64 165.21 164.77 20.42 21.00 20.34"�#�$�%�&�'
(%) 3.19 3.83 3.23 2.07 2.91 2.15

� � / ��� m�8 SONAH
��� * , b ¤ ô 
�#��� (_) ñ å`ë Ý���� 2 â ã � ä  _"�
 ´ � ��� ä

31×31 £ 8 ø SONAH
�!� * , b ¤���� ä n 165 s

Ý
Û
òc� Æ �c�cb ¤ �cq)( å ·cÆ* *- Û)* ø Ô �)+, ,_- å�5 Æ� �!�æ�ç �_� ø �c�_b ¤cÿ �c¨)- �
� Ý .!/ 
!� ��/ �!� £ 8 ø B!É�� 
!#��!�!��� ñm � Ó�ø ��� * , b ¤�n�ï 
_� ��/�£ m ñ 1/8,

�
5 I�� å � y � ������� Ý
d_Ó�o�ë_g_ì�2 * � � �_� B � y �c
 J � K�`LaN_�_�_�_�_�_� K�ñ_�c� Ý��_Ü  c"�
 ´ � ÉÊ ï 21×21

j_Í ø
 �- B 200 Hz
ä

1500 Hz £_¤Í � ø å ��X�Y�Z � K �ïL�N!� æ�ç �!� øùÅ ¡ ��k
ê�æ�ç å`ë Ý ._/ ì�2 � � ñ_·c¸_¹cKcz 
c� ��/�_��m_8 Z � K �`L7N_� ñ SONAH

�_� (_) ã�F
��� * , b ¤�ñ åMë Ô ) 1 ô ) 2

*���Ý�� )
1 âã � ä B ·_¸_¹_K_z 
_� ��/_£ m ø SONAH ñ �

K �ML?N������ (�)�d 5�ø�¹�? B 40%
ã E�ø 	 y.0/�M ä �

110%
ÝßÛ .!/ 
!� ��/ �!� £ 8 ø �!�(�) â$#�Ó�.�ø �21 È � 20%

Ý�� )
2 â ã � ä B� K �ïL�N!�!�!� ; I í ø .!/ 
!� ��/ �!� Î ³ �

y � SONAH
������� ø * , b ¤ � ¹�? 13 s Ó�.ä � , 4.5 s
Ý

´�ê0304!�!� � â�ø j!ñ q B 
!#!�!� ÿ!q 
 J� K �ïL�N!�!�!� ; I í ø .!/ � � ñ!·!¸!¹!K!z 
� ��/ �!� õ�â ã � 5 I!� E!~�� �!�!b ¤!ø � y ��!�!� ­ .!/ ·!¸!¹!K!z 
!� ��/ �!� £ 8 ø 
�#!�� (!) Í � j 5!øÃÁ!q 
 J�� K �ïL�N!�!�!� (!) �ä � âq#_~_v Ý 354 í e � �_
 ñ � � ë ï 30 dB,��* � ��
 ñ � � ë ï 20 dB ç 40 dB ��Ñ�Ò�Ó�ø
â ã�� ä � Î ñ�´�ê2324���� Ý

6
1 7�8�9�: $�%�&�' ���

6
2 ��
� �!�
������

4 ;=<=<=>
w [ B2?2@ 
2A í æ�ç�ø �2B Ô ) 3

*�� ø * /
 J ï 0.84 m×0.7 m×0.46 m ñ0C 1 ø ï Q235 D��E Û ¨0F C 1 ñ0G�Z ^ � ï 0.03 m, H0I � Z ^ ?�ï
0.02 m

F E � Z ^ � ï 0.003 m
F E � Z�ñ0H0I�ë �
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 � � �

2014 �
/

0.02 m×0.02 m ñ!0 ���!#�� ø $!;�������� ô���
	�� B C 1 H


�_E F C 1 � L°4�� _ N
��� E� Z _�` ø _�` 
 Ú ��� a F

(a)
"�# ���

(b) ��:������6
3 �������.�/M�

13 ½�r 
���� ¨�� >�u���ø B B�C2C 1
E � Z 0.09 m � 0.05 m

� '_½_¹_K_E
 
!  _"��
13×16


�� 
�# ´ H ø  �
 ¤�B�" 0.05 m,
*�# '�½ �" K � D�E�?�" 0.75 m×0.6 m

F f�" ,�- [ � ·
¸_¹_K_z 
_� ��/ �_� B�� K �`LaN_�_�_� �$� �
�_ø *
# ._/ Æ_½�� �_� r�% �  
!  c"�� C 1 E� Z 13×16



(0.75 m×0.6 m)

� � ��� ��� ø?ð ;�_� 8 �
& �`LaN_� F 
c# � ��LaNc�  _" ; I �� : 0 ��� ?�" _ N�� ��'�(����2F��_ N�� '�(������  �-�" 450 Hz
b ø  �" 
# � �ML?N�� � û�) Ô ) 4

*�� F
._/ )

4(a)
*��

0.09 m
�  � �
* 
_# �
"

SONAH
�
'
( �

0.05 m
� � 
_#
+
,_�_� ø �_�

�!� Ô ) 5
*�� FG� )

5 - # � & ø .!/ ·!¸!¹!K!z
!� ��/ �!� £ m �!£ 8 � �!� �!� ë�d d � ø Û�.
õ ¡�) 4(b)

*���/ d  �" )�u�v d�02F�.�/ ·�¸�¹
K�z 
�� ��/ ��� £ m øGt�u A

� ��´�" 775×208,1 � * , b ¤
" 2.22 s,

_#_�_� (_) " 8.33%;

.
/ ·�¸�¹�K�z 
�� ��/ ��� £ 8 ø?t�u A

� ��´�"
177×208,

1 � * , b ¤�" 0.83 s,

c#c�c� (c) "

8.06%
F

(a) 2�3�4�5�6 ��7 0.09 m 8 "�#�9�:

(b) 2�3�4�5�6 ��7 0.05 m 8 "�#�9�:

(c) 4�5�6 ��7 7�8�9�: 9�:6
4
"�# ��4�5�6 ��7 7�8�9�:���� :._/ )

4(b)
*��

0.05 m
�  � �
* 
_# �
"

SONAH
�;';( � C 1 E � K � � LnN!�;+�, �!� ø��� ��� Ô ) 6

*�� F � ë )
6(a) � ) 4(c) - # �& ø .!/ ·!¸!¹!K!z�< � ��/ �!� £ m ø � K �ML�N� � �!� ( ��= ( ø �!� (!) " 105.5%

F � ë )
6(b)

� ) 4(c) - # � & ø .!/ ·!¸!¹!K!z�< � ��/ �!� £8 ø �!� �!� ��& � 5�>�? Û�. ¡  !" )�u�v d�0 ø
� b���� (�) " 12.27%

F ��� ø B C 1 � K �ML?N�!�!� ; I � ø .!/ ·!¸!¹!K!z�< � ��/ ���!8 øùt
u A

� ��´ � 775×208 .�È�" 241×208,
1 � * ,

b ¤ ��� 2.34 s ~���" 1.06 s
F
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� �
450 Hz £ � ø � _�� � '�(����  �-�� �

" 350 Hz, 400 Hz, 500 Hz � 550 Hz
b � ��
��0C 1����� � ��� � � � +
, ���� � SONAH ��� F�

3 � � 4 � ��w�� ��!�" ·�¸�¹ ��# <�����/��
� m�$ 0.05 m % � ��& # F C 1 ����� � �'� � �� ����(�)
� 1���*�+�,�-5F�.�/ 3 - #�0 & ��12�3 ��# <���4�5�6 $�7 ��&�����(�)�8���9�: 7<;1���� ��= *�>�?�@�.�/ 4 - #�0 & ��1 2�3 ��#
<���4�5�A $�7 ��B / � �C� � �
� �D���D��� 1��� ��E�F & =�G�H >�? 7JI # 450 Hz

� "'KML @

;�N�7
350 Hz � 400 Hz

, 7PO�Q ����������R >�?S
13% � 25%,

; !�" 1 2�3 ��# <���4�5�����A$�T (�)�U Q :�V 30%
@�W�X�Y�Z V 1 2�3 ��# <

��4�5���� T G�[�\ �� �]�^�_ T (�)���`�aDb 7c�d�? #�e T�f�g # 7�hDi�TDN ��` Z�? #De�jDkT �� (�) T�l�m @on V ? #�e T�f�g #�p�q�r 7tsu�v �� (�)�w�x 7�y e�zD{�|D}�~ �D (D)��D`Z�? #�e�j�k
[13], � Y���Z 1 2�3 ��#�� ��4�5 T��� _������ i ? #�e f�g # T�l�m @�� Q���� _ ������ �� (�)�9�� N ��` Z�? #�e�j�k T z�{ 7

(a) ����������������������������� (b) ���������������������������� ¡
5 ¢�£�¤�¥�¦�§�� 0.05 m ¨�©�ª�«�¬�­�®

(a) ����������������������������� (b) �������������������������� ¡
6 ¤�¥�¦�§�����¯�°�±�«�¬�­�®

§ 3 «�¬�¢�£�¤�¥�¦�§�� 0.05 m ¨�©�ª�²�³ SONAH ´�µ�²�¶�·�´�µ�¸�¹�º¼»
½�¾

350 Hz 400 Hz 450Hz 500Hz 550Hz¿�À
A Á�Â 775×208

����������� Ã�Ä�²�¶ (s) 2.23 2.23 2.22 2.28 2.19

«�¬�Å�Æ (%) 8.93 9.95 8.33 7.22 6.24¿�À
A Á�Â 173×208 165×208 177×208 177×208 173×208

����������  Ã�Ä�²�¶ (s) 0.79 0.78 0.83 0.83 0.79

«�¬�Å�Æ (%) 10.09 9.89 8.06 5.53 4.89

0.09 m ¨�Ç�È�©�ª�É�Ê�Ë¼» 44.2 dB 63.6 dB 36.4 dB 43.6 dB 45.5 dB
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§ 4 «�¬�¤�¥�¦�§�����¯�°�±�²�³ SONAH ´�µ�²�¶�·�´�µ�¸�¹�º¼»
½�¾

350 Hz 400 Hz 450 Hz 500 Hz 550 Hz¿�À
A Á�Â 775×208

����������� Ã�Ä�²�¶ (s) 2.41 2.41 2.34 2.36 2.38

«�¬�Å�Æ (%) 48.54 55.74 105.5 23.72 21.49¿�À
A Á�Â 241×208 241×208 241×208 241×208 241×208

����������  Ã�Ä�²�¶ (s) 1.10 1.12 1.06 1.11 1.11

«�¬�Å�Æ (%) 35.58 30.03 12.27 18.83 13.64

0.05 m ¨�Ç�È�©�ª�É�Ê�Ë¼» 45.8 dB 65.9 dB 40.2 dB 45.3 dB 48.5 dB

��������	 _
350 Hz 
 400 Hz

, 7�� " 1 2�3�

#���� 4�5�����A�6 ��� (D)���: 7�� " $ ��� (
) O�Q �'KML���� 7�; G�[�9 � 450 Hz

, KML @

5 ����������
SONAH

Z����� �! 
�"�� B / 

�$#�%  �����&�!�'�( � 
�) Z T 9�*�A�%�+�,�-. @ � �/#0%  ��1� (�)1��: T X�Y +1,12131415 7��6 S

SONAH 7�8�9�: T�;�<�= 
�>�? 1 2�3�
@ A - T b�A 7�B�C�D S�E�F SONAH �$#�%  ��� (�)���: T�G�H Y�I N�J�K ��L�e 4�M���N @��� > ��O�P 1 2D3�
 @ ��� 4D5���� 7�Q VR ,�S�T
SONAH

) Z T�U�V '�( 9�* @�W ����XY S
SONAH

* Q�1 2�3�
 @�_ T�Z�[ 7�\ @ 
 [
4 f�g @ 7 c�d S O1] � ?1@ e T�f�g @�^ 4 7 Z q_ 7�8�9�:�` e T�R , ��X�a S J�K ��L�e T�b�C
4�M @�c � e =�d�e 
 ��	�� *D> � TD1 2D3�
 @��� 4�5���� T =�G�f�
 ��Q f�+�, S 	 a 7hg [/ K ��Q W ����i SONAH

T ���� �! 
��$#�%  T ����&�! E�F�j S ��: >�?�@
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