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ò�(ÅlN	à��£�«, ¦Ù§Ý3á�m
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Ó�ÝÚNÈ���¬5?1£�, õ�:(à�
�����
�Uì'ü�:gà�ª�Uìä
k��`³. 8cIS	k'��
�O�ïÄ
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Ú
��� �Ý, B�¼����Ý?��NÈ
¬5�K [9].
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�m(|¥z�:�(Ø p �d Rayleigh-
Sommerfeld È©�Ñ, Ù/ªL«�

p =
jρck

2π

∫
s

u
e−(α+jk)r

r
ds, (1)

Ù¥ j =
√
−1, ρ Ú c ©O�x���ÝÚÅ�, α

�x��(áÂXê, u L«
�L¡��:�Ä
�Ý, k = ω/c �Åê, ω L«�ªÇ, ds ´
�L
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¡È, r ´*	: (�:) ���

�¥%�ål.
e(d N �
�|¤, K M ��:�(Ø�±
L«�

pm =
jρck

2π

N∑
n=1

un

∫
sn

e−(α+jk)rmn

rmn
dsn, (2)

ª¥ m = 1, 2, 3, · · · ,M , M ´(|¥�:��ê;
n = 1, 2, · · · , N , N ´��
¥
���ê; rmn �
1 m ��:�éu1 n ���

�¥%�ål,
�L«�

rmn =
√

(xn − xm)2 + (yn − ym)2 + (zn − zm)2,
(3)

pm L«1 m ��:?�(Ø. �_�{¥éc�
DÂ�f H ½Â�

H(m,n) =
jρck

2π

∫
sn

e−(a+jk)rmn

rmn
dsn, (4)

Kc�DÑ�f H ¤�¤Ý
�

H =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

h11, h12, h13, · · ·h1N

h21, h22, h23, · · ·h2N

h31, h32, h33, · · ·h3N

...

hM1, hM2, hM3, · · ·hMN

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
. (5)

¤k�:?�(Ø P ^Ý
/ªL«�

P = [p1, p2, · · · , pM ]T. (6)

æ^�_�{¦)
�°Ä�þ�, ýk�½¤k
*	:?�(Ø, 2^ (7) ª?1O�.

U = H+P , (7)

Ù¥, H+ � H Ý
��_.
l (2), (4), (6) 9 (7) ª�±í��Ñ:

P = HU , (8)

ª¥ U = [u1, u2, · · · , uN ]T ´
��-yEÜ�
�Ý
, P ´EÜ(ØÝ
. (rL�ª�

I =
PP ∗

2ρc
. (9)
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�(£���(I�²LØÓx�?\�
¾G«�, ¤±A�ÄØÓ)Ô|��A5é�
(�ò���^. ã 1 £ã�´V�)Ôx�

(�, �(3V�x�¥ DÂ�Ï"(å à�
� P3 :, du�(Å3ØÓx�DÂ�¬u)
ò��A [10], ¢S(å�Uà�u P2 :, �
5Ï"à�� P2 :�U¢Sà�u P1 :, Ï
d3O�
���:�ål��ÏLO\�A
� O þ ∆d 5 Ö � ò � Ú å �   �, ¿ Ï L N
� ∆d �¦Ï"�:�¢S:�C. O�ã 1 V

�x�¥(Ø��ò (2) ª¥�
e−(a+jk)rmn

rmn
U�:

e−(α1r1+α2r2+j(k1r1+k2(r2+∆d)))

rmn
, Ù¥ r1 ��(3

1��x�¥�DÂål, r2 ��(31��x�
¥�DÂål.� �� � � � � �� �� �� � � � � �

ã 1 �(Å3V�x�¥ò��DÂ

2.3 ¢¢¢DDD���{{{`̀̀zzzõõõ���xxx���¥¥¥õõõ���:::(((|||
���������ªªª

¢D�{ (genetic algorithm, GA) ´�«/�
)Ô.g,ÀJÚ¢DÅ�?1�Å|¢�`z
�{ [11], U
3
�!E,�|¢�mSÏé�
`). �©æ^¢D�{5`z�m(|, ^(r
�OÃ����(|`z8I¼ê, T8I¼ê�

G = P ∗T
M PM/(P ∗T

M (HH∗T)−1PM ),

Ù¥ PM = [P1eiθ1, P2eiθ2, · · · , PMeiθM ].
`z�k�½��:?�(ØÌ�, ÏL¢D

�{éÙ� ?1Ï`, ±¦(rOÃ��.

3 ê��ý�©Û

3.1 ÔÔÔnnn���...999ëëëêêê

O�Å�ý��O
��d 16×16 ��Ó�
�/
��¤���²¡ (x-y ²¡) �(��
,
Xã 2 ¤«. z�
�>�� 2.5 mm, ��
�>
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må´ 1.5 mm. �ýé��o�x��., Xã 3
¤«. b�¾C|� u1o�, ���ÔnA5
ëêXL 1 ¤«.

��
ã 2 16×16 ��
�.

� ��� � � � � � �� � � 	
 � 
 � 
  
 �
ã 3 o�x��.

L 1 o�x��ÔnA5ëê

Y (Ω1) �Ç (Ω2) �� (Ω3) *S (Ω4)

áÂX α/Nep ·m−1 0 12 4 5

�Ý c/m·s−1 1524 1610 1478 1547

�Ý ρ/kg·m−3 993 1200 950 1050

9D�Ç k/Wm−1·K−1 0.63 0.50 0.21 0.64

°Ý/mm 20 14 36 60

3.2 ���   ÖÖÖ���ÏÏÏfff������^̂̂

b��: u z ¶ 110 mm ?, |^þã�.
Úëê�O�Ñ z ¶(DÂ���(r©ÙXã 4
¤«. (JL²(r�O(/à�3¾G«�. ©
Oæ^ ∆d = 0 mm, 5 mm ?1�ý, z ¶þ�(

r©ÙXã 5 ¤«. (JL²�æ^ò� £O
þ ∆d �, �: �c£, ÏLN�Oþ ∆d ��,
�¦�:�¢S ��C.

�� ��� �� � ���
�

� � � � � � � � � �� � 	 
�� �
ã 4 y-z ²¡þ�((r©Ù� � � ��� � �� � �� � � � �� �

� � �
� � � � � � � � �� � 	 	


 � �  	 	
 � � � 	 	
ã 5 ØÓ £Oþ� z ¶þ(r�é�©Ù

3.3 ÓÓÓ«««xxx������õõõ���xxx���¥¥¥���(((ààà������JJJ

©Oæ^{z��_�{ [12] Ú¢D�{é
��
3Ó«x�Úo�x�¥�(|Ü¤?1
�ý, �²¡ u z ¶ 110 mm ?, �:�Iü 
� mm, �:�I� (–15, 0), (15, 0), (0, 15), (0, –15),
(0, 0), (15, 15), (–15, 15), (15, –15) Ú (–15, –15). l
ã 6 Úã 8 ¥�±wÑ: ��æ^�_�{?1(
|Ü¤�, 3Ì�±�¬Ñy�
��. lã 7(b)
Úã 9(b) ¥�±wÑ: ÏL�©�{N� ∆d Oþ,
2(Ü¢D�{?1(|Ü¤, Ø=UéÐ/�Ø
��, �Ué(|�ª?1`z, Or(|OÃ. �
^ HIFU £��¾G«��, �
 á£��m, J
p�Ç, �·�O\�:ê!N��:�m�ål,
/¤�����NÈ.
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ã 6 Ó«x�¥�_�{Ê�:���ª (a) z = 110 mm ?¶�¡þ(r©Ù; (b) z = 110 mm, y = 0 mm ? x ¶��(
r©Ù

�� �� � �� � � � �� �� �� �� � � � � � � � � 	
 � � 	�� ����� � �� �� �� �� � �� �� �� �� � � � ���� ���� ! " # $% & ' % ( '
ã 7 Ó«x�¥¢D�{Ê�:���ª (a) z = 110 mm ?¶�¡þ(r©Ù; (b) z = 110 mm, y = 0 mm ? x ¶��(
r©Ù

�� �� � �� � � � �� �� �� �� � � � � � � � � 	
 � � 	�� ����� � �� �� �� �� � �� �� �� �� � � � ���� ����� �  ! "# $ % # & %
ã 8 o�x�¥�_�{Ê�:���ª (a) z = 110 mm ?¶�¡þ(r©Ù; (b) z = 110 mm, y = 0 mm ? x ¶��(
r©Ù
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�� �� � �� � � � �� �� �� �� � � � � � � � � 	
 � � 	�� ����� � �� �� �� �� � �� �� �� �� � � � ���� ����� �  ! "# $ % # & %
ã 9 o�x�¥¢D�{Ê�:���ª (a) z = 110 mm ?¶�¡þ(r©Ù; (b) z = 110 mm, y = 0 mm ? x ¶��(
r©Ù

3.4 xxx���ëëëêêêééé(((ààà������KKK���

3Ù¦ëê�Ó��¹e, 1��x�þÝ©
Oæ^ 14 mm Ú 24 mm ?1(|Ü¤�ý, ÷ z

¶��(r©ÙXã 10(a) ¤«. T(r©ÙL²,
3Ù¦ëê�Ó��¹e, ex��þÝØÓ, Ï
L¢D�{(ÜN� ∆d Oþ���{?1(|Ü

¤, �¦(|�: �ØC, ��(r��k¤Ø
Ó, (r�O(/à�3¾G«�.

3Ù¦ëê�Ó��¹e, e1��x��á
ÂXê α ©Oæ^ 5 Ú 12 Nep· m−1, |^�©�
{?1(|Ü¤, ÷ z ¶��(r©ÙXã 10(b)
¤«. �ý(JL², �: �ØC, Ù(r��k
¤ØÓ.� � � ��� � �� � �� � � � �� �

� � �
� � � � � � � � �� � 	 	
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� � � � � � � � � � �� � � � � � � � � � � � � � �

ã 10 ØÓáÂXê÷ z ¶��(r�é�©Ù (a) �þØÓ�÷ z ¶��(r�é�©Ù; (b) x�áÂXêØÓ�÷ z

¶��(r�é�©Ù

4 ( Ø
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A5, JÑ
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Abstract

According to the ultrasonic propagation characteristics in the multi-medium, a control method of ultrasonic focus in the multi-

medium is presented through introducing the phase compensation factors and using genetic algorithm. The patterns of multi-focus

ultrasonic field generated by two-dimensional phased array consisting of 16×16 elements are simulated in multi-biological tissue, and

the ultrasonic fields are calculated under the various thicknesses and the various absorption coefficients of medium layer. The results

show that this approach can optimize the patterns of multi-focus ultrasonic field and restrain side-lobe, which can improve the ultrasonic

intensity gain and make the maximal ultrasonic intensity focus on the target area. When the thickness and the absorption coefficient of

biological tissue are changed, the focus position remains unchanged, but the ultrasonic intensity of the focus area will change relatively.

Keywords: phased array, multi-layer medium, sound field optimization, genetic algorithm
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