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Abstract This paper introduces an algorithm for target location using three receiver hydrophones. The Hough trans-

form is used to extract the closest point of approach Closest Point of Approach (CPA) of the target trajectory from Low

Frequency Analysis and Recording (LOFAR) spectra received by hydrophones. According to the closest point associa-

tion algorithm proposed in this paper, the moving speed of the target can be determined, and the distance between the

target and each hydrophone can be calculated, so that the target can be located by combining the principle of three-side

positioning. Simulation and sea trial data processing results show that the proposed method can locate the target with

uniform velocity in the absence of environmental parameters.
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f�h�¹ � k
þÿ n ��´
	
� Ê � Û
(1) Þ ¢ K n

� � �   µ��� � �   Ö Ô � �
Ñ ÒäÕ ö�� « õ öäµ � �ä�ä� Ñ Òäk r ±���� K
2n−1

� n
(2)
ï�ð ñ ������ �µ ��ü Ö�Ô�Õ���ö�¥�µ{³��Ñ Ì b
@ ��k�Ò�L á Ë ��. ó µ ��ü Ö�Ô ñ ö�¥�µ áË �
� ó n

(3)
·�î���Ñ�Ò�µ

n
��$�¸�  ñ�ñ Ñ ú µ�� r��ÿ���Ï��

[(n − 1)n]/2
¹ � v n

Ê %�� Ñ+Ò+! �Î�+"+#+Ñ+Ò�����µ í+î <+> ¹
� k�³�¯ S2

¡�µ n Ð�� ë � ����Ñ�Ò Ú �ß������k"�#�Ñ�Ò n ì�² r���ê�ë �í��k�����¹ � n
�
� m 3

������ �$�¸�¥�µ �í������!
3
���

�� �R � k�Ö�¡�L�§�È � 4
� r ± - µ Ê q 6 é � n

r�� f�h Ê � 3
� á Ë Û

r2
12 = v2

12[(τ2 − τ1)
2 + (b2 ± b1)

2],

r2
13 = v2

13[(τ3 − τ1)
2 + (b3 ± b1)

2],

r2
23 = v2

23[(τ2 − τ3)
2 + (b3 ± b2)

2].

(18)
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ü�� õ á Ë�� � “+” ó � « “−” ó ��ô�Ô ñ ���� Ö
Ô�Ñ�Ò�õ�ö�� « Õ�ö n4² ¥ r
� ³� 3
� G Õ
k¹ � v, �
Þ ë k���������!�"�#����
���
¥
µ v12,

v13, v23 ! ² R � ¡��
� n{² ¥�� � ¿�k
"�¿
# Ú ���¹ � k�þ�ÿ�¿ nþ�ÿ
 
$ �í��¹ � v
R æ µ4ý ´ ï Ë (16) r�� �$ �ß��£�¤�õ������� �R � k�£�¤ ri, % Y m ���

ë Ö
&�E�· �í��ö�÷ ë Ö n
2 ')()*)+

��,�- " « � m�. KRAKEN / 	�0 s ö�÷�12 k - " n� m k « Pekeris Ê
3 µ - " ¢ ë �����4 Ú 100 m,
û
5 Ú
6
7 K��
8 20 m 9 k
:�ò
8�k; ü�<�= ��� µ � ¹�>�� Ú�?�� ¹�µ@	�������� Ø 1 nA

1 B�C�D�E�F�G�H�I
t�Jci�K h�L M�N O�Pcì�G Q N

(m/s) (g/cm3) (dB/λ)R a 1500 1.00 0 100S s�J 1600 1.50 0.1 20T�U�V�W�X è 1700 1.50 0.1 —

- "�¥ ¢ ë 3
������ �k���� Ú O1(4000, 2250),

O2(1500, 2250), O3(3000,−1000),
�í��k�����¹ ��Ú

5 m/s, � &
� (0, 0) Y�Z Ï�[
µ]\  ! x ^
» 15◦k
³�Æ`_�¹
�
� n ���
�
��Ñ�Ò�! 3
�
�
�
 �R �Ö�¡�L�§ Ê q 7 é � n �ß����� � &�a 4 ��Ú 25 m,

3
������ +$+¸ 4 ��Ú 5 m, �+ ÿ+��Æ+�+� � Ú

500∼4000 Hz,
¥ � �(� Ú 0∼200 s n]- "����
b
�c � \ c � SNR=20 dB, - "
 
$ 3

������ �$�¸
$

LOFAR ��q µ Ê q 8 é � n· q 8 � 3 d LOFAR q ö
÷ Hough o
p (Ê
q 9), r�� ���
 
$ b

t
τ ,
��� ù % � Ø 2 n

À
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A
2 Hough e�fckcl b g τ ( hcj�i�j�C�k�l )

acbcd 1 acbcd 2 acbcd 3

b (s) 222.2 (227.3) 333.3 (357.1) 344.8 (344.8)

τ (s) 864 (860) 408 (400) 504 (510)

·
Hough

���
k�����Ñ�Ò
CPA

�
� ù % � m
¡
¢
��L�Ð��
´ r
�  �$��Î��k
���+¹ � µ � � ���� Ø 3, üm� ��� 1, 2, 3, 4

k�	������ Ê q 5 é� n ù % Øon ��� 1 Ú ¡ r ±�k
�
� (
³�¯�¡�µ

),
Ç

�í������¹ ��Ú v=5.21 m/s n ´ ï ��� ë Ö
&�E r
� ·���� �í��ö�÷ ë Ö�µ ë Ö ù % Ê q 10 é � n�[� Ø 2 � ��� �ß��Ü�Ý�\�]�k�����µ τ

t
b
k

��� ù % "�!�"�#�¿�$�¢�µp	�K���q�k · ê - n q 10·
�
�����
k ë Ö ù % !
�
�����
k�"�#
Ö+¡
k��� r���r Ï�µ ² ë Ö�³�´ ë Ö�s % �[� · ê µÖ« «�t
 ¥ � k�u���µ ë Ö�k�®�¯�v�w�ò�ó�u�=�µ � �í���

�
12 s Ì ®�¯ ì 53 m

u�=�$
229 m n � � ë Ö
³´
x
y � S�T µ ì�Ë (16)

���
z � ��7�U�V ë Ö
{
� x�w�$ ±
| Ú �í�
x�����¹ �
} Í ì�Ë (18)

z � �� �í������¹ � v · ê !
~���ô�Ô Hough �
� ·
τ � b

x�����x · ê���} ����� Ú ®�¯����
x�& ± «� Y�� Hough ��� ·�����Ñ�Ò CPA
�
��x���� Gñ { ê�3 �
·����
�
��¹ � þ�ÿ�����®+¯�µ � Í+UV . ë Ö
{ �
}

A
3 B�Ccàcá ÝßÞ����c~�����L�N����cucv

��� 1 ��� 2 ��� 3 ��� 4

v12 (m/s) 5.32 5.32 3.48 3.48

v13 (m/s) 5.06 8.94 5.06 8.94

v23 (m/s) 5.23 37.02 37.02 5.23

v (m/s) 5.21 17.10 15.19 5.88���
0.01 200.68 238.78 5.19

À
8 3 þcacbcdcecf��clcmchcicj����cm LOFAR

À

À
9 ��B�C�G��ceck LOFAR

À����
Hough ÁÃÂ�e�fcucv
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À
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3 �)�)�)�)���������
2020 ` 6 � �
�
�
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��ö�÷ . û
 
1 2
¡· �
� ��Ï�x ë Ö
³
´�ö
÷ 2�¢ } # 2 é � ��x �
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Ö�¡�x
�
�
  } 1 2 û���û 4 45 m,

$
¸�����  4 ��Ú 20 m, 3 ª ���� �R
«�£�¤ Ú r12 =

411.60 m, r13 =647.96 m, r23 =532.06 m } 1 2�¬ ï�DE�x�Æ����:� Ú 200∼2000 Hz } \ ó F ��Ú 6 min }�®�¯�°�±�²�³�´�µ�¶�·�¸�¹�º x�»�¼�½ ¬�¾�¹ 5¿
À
Á]¹
Â
Ã
Ä
Á]Å
Æ
Ç
¬
Á]È
É
Ê
Ë
Ì
Í
Î�Ï�Ð�ÑmÒ`Ó

3 ª º�Ô�Õ�Ö�Æ�×�Ø�Ã�Ù�Ú�Û�ÜÝ «�Þmß`à
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Ø�ä�Ý�å�æ�ç�è�é
ê
ë
ì × Ó
í Ø

LOFAR î
ï
ð ¾ ï 11 ñ
ò ÍÓ ï 11
Ò

3 ó LOFAR ï�ô�õ Hough
è�é�ö

Óø÷úù�û�ü�ý�þ Ø�ÿ���Ù���Û�Ü����
(
¾ ï 12),

�
��������	

4
Í


�� 	
4
Ò��� ð]ô
õ�� (18)

ë������������
��± ð ê�ë�ì ¸ ÷ ù�û
ü Ø ý
þ�� 4 ������ð ¾ ï 8

ñ ò Í�� ï 8 ñ ò Ø 4 � ê�� Ø û ü��� Ò ð 3 !

"
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"

"
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º�Ô�Õ�D�D�E�F�G ! �� ê�ë�ì × 3 ! Ä�É ðIH �������	

5
Í
J

4 $%K%&%' Hough =%>%8%/ b L τ

)%*%+ 1 )%*%+ 2 )%*%+ 3

b (s) 42.40 51.55 82.64

τ (s) 96 75 205

J
5 M%NPORQ%S%T%U%V%W%X%Y%Z%[%?%@
V%W 1 V%W 2 V%W 3 V%W 4

v12 (m/s) 8.65 8.65 7.34 7.34

v13 (m/s) 4.37 4.52 4.38 4.52

v23 (m/s) 2.90 4.13 4.13 2.90

v (m/s) 5.31 5.77 5.28 4.92\%]
5.94 4.18 2.14 3.37

^ ��������� ��±�_�` ê�ë�ì ¸ ÷úù�û�ü�ý�þ
à �� 

3,
��a�b
Ä
É

v =5.28 m/s c à ·�d ÷ ù
ûü Ä
É
Í

�� � (16)

ê
ë
ì ×
²�e
Ý�f ÷ ù _�g�h
3 !º�Ô�Õ�i�j�Ø�k�l ð ��	 6

Ím^on�p�®�¯�q�r ê�ë�s®�t���u�v�Ý�jxw ÷úù Ã�y�Ø{z ü�ý�þ ð ^ û�ü Ãy�|
Ø�}�~
Ø
GPS � ¯���� ð ê
ë
ì × ÷ ù Ã�y��u�v�Ý�jxw`Ø���� û�ü�ý�þ Í �{� �{� ë�� û�ü Ø��� ý
þ ¾ ï 13 ñ
ò
ð » û
ü���� à ^����|
Í

J
6 M%NPORQ%�%�%�%�%� 3 (%)%*%+%�%�%0%�%� ( �%�%� m)

t (s) )%*%+ 1 )%*%+ 2 )%*%+ 3

0 422.99 480.52 1142.60

60 100.95 283.47 858.37

120 212.38 361.30 607.30

180 528.47 617.61 448.94

"
13 $%K%&%'PORQ%�%�%M%N%�%��{� Ó �{� ��±�Ø{�{��ö{y�Û�Ü{_{`�ÍI� �{�Ð�ÑmÒ ðI��� ���������{ {��� ��¡{¢{£�¤ �{��¥

¦
Ý�f ð ��� à 350 m,
� Î
Ï ��§
Ý ðI��� ��� à

141 m
Í ��� Ð�Ñ�Ò ñ�õ ×�Ø�¨�©
Ø ��� � ± à n�p

��� ± ð ³�´ õ ×�Ø ½ � à ÷ ù h�º�Ô�Õ{i{j�Ø{kl
r;
� Ó

r
Ø H � Ð
ÑoÒ ð]ñ
õ ×
Ø ½ ��� ÷ ù Øû
ü Ä
É

v,
º
Ô
Õ
Ö
Æ
×
Ø

LOFAR ï�ª Ð Houghè
é���� ì ×
Ø
b « τ ,

» Ò
v ¬ ^ b « τ

Ø� ! �Ñ E
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ö ì ×
Ø ðI® u ð �
± ����¯ É�°�´�±�²Ó
b « τ
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è
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Ø Ð
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Ø�Ï
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è Î
β,
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ý�þ ½ �

b « τ
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Í
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