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Abstract For the source depth estimation in shallow water, considering the normal mode theory which indicates the

information of the depth that the depth information of the source and receiving hydrophones is contained in the modal

energy distribution, an approach using a small-aperture horizontal moving array has been proposed. The normal mode

model for the signals received by a horizontal moving array in the shallow water dynamic sound filed has been established

and the real small aperture of array is expanded into a virtual large aperture using synthetic aperture algorithm. The

sparse asymptotic minimum variance criterion was used to estimate the modal energy distribution. The negative index

of Camberra distance was used to calculate the mode matched degree, which indicates the probability distribution of the

source depth. Both simulations and experiments showed, based on the sound field structure of the normal mode theory

wave model, the lower the source frequency, the smaller the synthetic aperture distance required to achieve estimate

the source depth estimation. When the sound source is at a certain angle from the end-fire direction of the array, the

effect on the required synthetic aperture is the same as that when the relative velocity changes. In a typical shallow-

sea stratified waveguide, when the signal-to-noise ratio is 10 dB, the depth of the 200 Hz and 350 Hz sound sources
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is accurately estimated, and the synthetic aperture is required to be greater 12 times and 16 times the depth of the

waveguide, respectively.üþý ÿ
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4ρ(zs)

∑

n

S(Ωn)ϕn(zs)ϕn(zr)
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½ P � e−iΩτ ,

ψm+q(t) = ψm(t+ τ)eiΩτ , (10)
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θ̂ = eiΩτ = E
{
angle

[
ψm+q(t)ψm(t+ τ)

]}
, (11)
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¬ �
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y(t) '
Ñ∑

n=1

√
2π

k′n [r0 + (m− 1)d]
ϕn(zs)ϕn(zr)

eik′

n
[r0+(m−1)d]−i[Ω+kn(vs−vr)]t + em(t),

(12)

\ ¢ √2π/{k′n[r0+(m−1)d]}
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y(t) = Ws(t) + e(t), (13)
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Õ

M×L
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Õ
�
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�
� Ô Ö { W

Õ
M×Ñ

f « Ö � » 	 e {
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n
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n
(M−1)d]T

Õ
�
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Õ
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√
2π
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ik′

n
r0−i[Ω+kn(vs−vr)]t =

Φ∗
ne−iωnt, (14)

Ì ¢ { Φ′
n

l m��
n � © ª « ¬ � f Á l ¯ ½ P§ È { √2π/(k′nr0)
à Ð ` § ¨ o » q r Ê�� ÿ e(t)Õ

M×L
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Ñ���Ý�Þ Õ � c f { �7� e7f f ´ µ a b�¥�¦ §�¨

¢ f ½ e ! # ö 	 ? A � � � ÿ ~ � � f�� � t� Ù���� # ö { # ö�� � ��	 e � E[e(t1)e
H(t2)]=

Diag(σ1, · · ·, σM )δt1,t2 , δt1,t2

Õ
Kronecker

[�Ö [ q �
��?�A�{ s(t)

¯
e(t) � ��� ��{�Ý�Þ E[s(t1)s

H(t2)]=

Diag(p1, · · ·, pN )δt1,t2 [ � p
Õ
l
m"!"# ¬�� o�»�¯

½ e�!�##ö#�#�#f�$ ì � » {
p = [p1, · · ·, pÑ , σ1, · · ·, σM ]T.

é�ê�w�x t�u { ´�µ a�b�¥�¦�§�¨�f ð�ñ �����	#e
R 	#w�� � {

R = A PAH, (15)

Ì ¢ { A = [w1, · · ·,wÑ , I ] = [w1, · · ·,wÑ ,wÑ+1, · · ·,

wÑ+M ], I
Õ

M �� P 	#e { P =diag(p) [ � » ��#��	#e é#ê e���� » Ö ê n ± { R̂=Y Y H/L, Y =

[y(1), · · ·,y(L)] [ ð�ñ ������	�e R
� » v ¸�e�f ðñ �#�#�²� » {

r(p) = vec(R) = A p, (16)

Ì ¢ { A=[w1, · · ·,wÑ+M ], wn =w∗
n⊗wn, n=1, · · ·,

Ñ +M [��u�% e
&(' f t�×�Ø { � } ���������������
(SAMV)

±�� q�r ¬�� m�n {*)�	�w � ��+ ü ª º BÖ ` ±��"� o f
õ
ö [ SAMV
��� ?
A �"�"�����	�e����", ð Ù"��t � {�³ r̂= vec(R̂)∼CN (r, Cr),

Cr =R∗⊗R [ õ ©#ª#«#¬#� m#n y#z ¢ { ¥#¦#§#¨¢ Í�õ f�¬���Ö É
: Ã Õ ¹ Ç ë¤ì f { �
� SAMV��� õ «�Ö t ��- ���(. t
/ Y {kn}N
n=1, N

Õ ã��v�f�«�Ö Ô Ö { s�¶�� ð�ñ ¬���Ö { / Y¿¢Ïf � � �
ã
� «�Ö x
	 o Í�õ�`
� f�©�ª�«�¬�� Ý�Þ o�» Õ0 m#n f { ����$ ì � » p

f�}#Ö �
N +M [ ` �8�W ��� B Ö m�n ��� {j^�S 24 1 ��u p

f m�n �
�#��	#e

Cp

f���� {�³ L
Cp >

(
SHCrS

)−1
, (17)

Ì ¢ { S =dr(p)/dp [ ������������±���2 Õ �#� ám�n ������	�e
Cp

��� { ³�i�f Ì ��� (SHCrS)−1f m#n �#� [À^�S 20 1 ��u �#� ñ#ý ±#� { Ì Ð�i
\ � L

p̂ = argmin f(p),

f(p) = [r̂ − r(p)]
H

C−1
r [r̂ − r(p)] .

(18)

� ñ | } ß à � � Ü�^ p̂ = [p̂1, · · ·, p̂N , σ̂1, · · ·,

σ̂M ]T [�?üAüeüf u p̂
�

i
Ì ß à f ó ô

p̂ (i), A Q3�4 »
r′

n =r − p
(i)
n wn, n=1, · · ·, N+M , p

(i)
n

Õ
p̂ (i)f �

n � B Ö [ _�\ ¢ r
{ d � r′

n + p
(i)
n wn, � Ì

` pn

f��#Ö � � 0, Ý#|#} 	#e²� » v ¯ Kronecker
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è�5 f���6 {�	#w�e�f pn

f �
i+ 1

Ì m#n î {
p(i+1)

n =
wH

nR
−1(i)R̂R−1(i)wn(

wH
nR

−1(i)wn

)2 + p(i)
n −

1

wH
nR

−1(i)wn
, n=1, · · ·, N+M.

(19)

q � � g87 Capon
m�n89 ¢�f D h \ pn =

1/(wH
nR

−1wn), 	�w
e
f 3 � Ã�í���� l f SAMVß#à#�#� {
p(α,i+1)

n =pα(α,i)
n

wH
nR

−1(i)R̂R−1(i)wn(
wH

nR
−1(i)wn

)(2−α)
, α=0, 1, 2.

(20)

¸�¯#É#Ë ï#ð ¾ÏÎ α
Ã#í�:#î�;#æ#f�õ�ö [0 m�n�» f ì ¶�î 	�w�É�Ë
½ ����� o�» f mn ±#� % e#{ <�­ � }�=�H�® � ¡ � \�1 � {

p(0)
n =

wH
n R̂wn

‖wn‖
4 , n = 1, · · ·, N +M. (21)

> � { ë º ñ�ý |�} SA-SAMV
��� ð � » Ö

ê ¢ m�n ¬�� o�» { �
ñ _�É�Ë n ±�¬���ç�è l�qr g i k#l#m#n [
1.4 4�1�?�@Ã�í �7î7ï ¬���ç�è�±�� { ¬��BA�« ¸7e7f �C ê�Ö { Á�î¿¢ l�m gji k�l § È {®½ P ¢ l�m gji
â�ã § È { É�: � } Bartlett

ç�è 9�q�r ¬���ç�è [
õ gji k�l�m�n ¢ { É�Ë SA-SAMV

±�� � : e�f fgji k�l�D � Õ � C�E�F ¬�� o�»�t � f ñ Ö [ A n¬���ç�è 9 � { þ Û � � l�»�m�n f�¬�� o�»�t ��¼Ã�í k�l g�i�f
ò"G�¬�� o�»�t � ½ �"� ¶ ��f
[Ö [ ¡ � Ã�í � ¬���f o�» ��r ��H Î ¶ {£­ ô � }î
ï f"I \�â�ã q�r�l�» { Ã o EBF ¬�� o�» c v¯ `�� ;#æ#f�õ�ö { ����� } ��ñ���J#f Camberra

â�ã f�ä#å�Ö�æ l�» ¬��#ç#è l { Camberra â�ã Õº Ë ¤ l�K�L ¸ f�M ` ��N ¯ { ¤ l�K�L ¸#{ M ` o» ���"O
v �
g"7
u ¬�� `B� f ½�` ��� [ n ± Ìä#å#Ö�� {¸	#w�e�f�P�Q#õ [0, 1] RTS �Ïf�U � v#çè l�V
D(A,B) = exp

(
−
∑

k

|Ak −Bk|

|Ak +Bk|

)
. (22)

2 .XWXYXZ
[ ° ö�ù ¯ UUV

£��7>�� wB\ ö7ã ���7B Ö] � � «
��¬�­ ­
® 2 a
��{ ^"_ 44 m,
ö�ù
= �

^"` �"a �
����� { a !�Ö 12, ½
Ë a !
� â 1 m,ö#ù ¯
UUV

t�$ w vs =0.5 m/s
¯

vr =2 m/s
] �

b ^"`�½ �¤£�� {�ì ¶ â�ã � 2000 m,
ö�ù _ b �

zs =23 m, UUV _ b � zr =11 m
V

c"d ���"]
SA-SAMV egf"_ b"h"i ��� õ ���j�k���ø x�� q�r ¬�� h�i {£~ q�r ¬#��ç�è { ���¬�� h"i ]"l �"m
F�¥
õ
ö egf"_ b"h"i ] ¹ Ç� V ���¿¾ÀÎ�a ��� ±�� ] ¬�� t�×#Ø {�·#¸ t#u  a !
" s §
# ¾ Ú ö�ù�ú Ø wB\ ö�ù ¯ ^B` �"a PQ D h"n ¬�� h"i l � ] õ
ö { � ¸�¾QÎ Ã�í
�7�� ] eof�_ b�h�i l � V

2.1 4�1�ù�ú�p�q
����É�Ë ï�ð ¾¤Î SA-SAMV

¯�Ì�Í"r � ¬��h"i ±�� ] �"s { ���
B Ö ­
® 2 ��{ ö�ù�ú Ø��
289 Hz

V ¾QÎ ] ��� lBt CBF, MUSIC, SPICE [25]¯
Yang

���"] ö�  5 t � [18−19],
�"u { n ¾¤x
¨

1 ��] SAMV
]

3 � å#Ö���ª#ß#à�� \ (SAMV-0,

SAMV-1, SAMV-2)
] ��s#��H V ?�A UUV

� ¯ ��
250 s, é�ê ����j�k ±�� 	 ì { j�k ²�³�� b � öù ¯ ��a ] ½ n £#��� b { �#��j�k ²#³ � 625 m,

Ð
2 vxwxyxzx{x|
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 a !�"�}#§�# ¾ � 10 dB,

¬#� h�i U � v ó#ô ­
® 3 a�� V ö�  5�~ � õ ����j�k � 625 m

¯
1500 m� ] ¬�� h"i U � v ó�ô ­
® 4 a
� V ð ¢��"�"�

� { CBF
] «#Ö ~ ×�� �#�#ÿ ¡ � Ã#í � ¬#��[#ÖN�� ] ½�� � Î T { ��Æ MUSIC

] h�i�ó�ô ��� Î¶ Þ�C � ðT� k���% e ª#Ç ] ¬#��s » ÿ SAMV-0,

(a) CBF (b) MUSIC

(c) SPICE (d) SAMV-0

(e) SAMV-1 (f) SAMV-2Ð
3 �ÓÛx�x�x�x�x����� 10 dB, �ÓÞÓÖÓ×x� 625 m �Óâx{x�x�x�x�x�x�x�x� (�x�x�x�x�x�x  )

(a) �ÓÞÓÖÓ×x� 625 m (b) �ÓÞÓÖÓ×x� 1500 mÐ
4 ¡x¢x£x¤x¥x{x�x�x�x�x�x�x�x� ( �x�x�x�x�x�x  )
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SAMV-1 © SAMV-2
N�ª D h�«�¬�­ ��®�¯�°�±�²

¢�³ ®�´ � ��µ ��¶�·�¸�¹�º ²¼»
½(² SAMV-0
]�¾

¿ ~�À ��Á�Â ² SAMV-2 Ã ��Ä�Å ¶�·�¸ ² SAMV-1Æ"Ç Á ±"È ¾ ¿ ~"À � ©8É�Ê È"ËBÌÎÍB² «"ÏBÐ"ÑÒ È�Ó�Ô�Õ�Ö�×ÙØ�Ú�Û�Ü�Ý�Þ�ß�à Ñ Ò Ï�Ð
áãâ ²Ùä
å"æ"ç Á"è Èêégë"ì"í"î8ï"ð�ñ"òBØ"Ú
Û"ÜB² ó"ô
½�õ"õ"ö"÷"ø ·"¸ È"ùBª"úBûBÍ"üBýBþ"ÿ��"²������� È ¾ ¿�� ½
	�����
"² ³�������� â"Á ¶ Ï"ÐÈ Ç�� Ñ Ò ×
2.2 �����������������¾�� ½�È���� ¾� ¿ ©�!�" ¾ ¿$# Ø�%�&�' ©(�)�*�+�,�- ² ñ�.�¯�/�0

SA-SAMV 1 Ý ��2�3&�'"Ø�%"È Ï"Ð"Ñ Ò ��4 × ç 2�3�5�6�7�8�9B·�:; ©=<=>=?=@ *=+ ü�²BA=� 100 C Monte Carlo D=E��� Ï"Ð"Ñ Ò�F�G�H�I Â�J�K
5 L�M ² Ø�%�&�'"ÜN�O

200 Hz, 25 Hz © 35 Hz, ·�: ;�Ü N�O 10 dB,

5 dB © 0 dB, <�>�?�@ îTï O 500∼ 900 m,
à

2 mO ª=P�×RQ K
5
½(ß�à=S=T�² Ø=%=&='=. -�U ² Ï�Ð

Ñ Ò�I Â ÷ <�>�?�@ È�V�W�X�Y�ZB²\[�]�^ ·�: ;
�=�`_ba=ced=<=>=?=@=f=g=h U ² Ï�Ð�Ñ Ò�I Â 2=iñ�."¯"÷ <�>�?�@ È�V�W�X�Y�Z c\d�<�>�?�@�j"·
: ;b. -=U ² Ï�Ð�Ñ Ò=I Â=k Ø=%�&=' Ç�l ² ��m &Ø�%"È Ï"Ð"Ñ Ò�n�o�p�q\r�s�t�O m &BØ�%�u�v"È�=� ¾= ¿ Á=w q ¾ ¿=x P Á h qzy�{ Ü À=j Ñ Ò ×à�| D�E F�}�~ égë�� { !�"���6���� G á qó"ôêégë"ß � T�� ç���� G á q d é ë G á�k !�"
��6���� G á���� O θr

U�q ��6 È @ á ú ���������O
v′r = vr cos θr, <�>�?�@�� È���� 6�7 x ì d′ =

d cos θr

× @ á ú ������� � È������ > 3 � G�� È
��� q Ü N�s à ��6 O������ È���� ¾ !�" ¾ ¿

k′n = kn(1+vr cos θr/vng),
^�
���� ��� ��� È����¾ &�'

ωn =Ω + kn(vs − vr cos θr)
à�� <�>�?�@ ÈÇ�� � � v′SA =vr cos θr − vs

×\A�� D�E /�0 éoë �� � Ï�Ð�Ñ Ò È ��� q�}�~ UUV
ñ�ò U è

360 s
È

 =¡ qeH=¢=£=¤=¥=¦=q d é ë=§ { !�"=�=6��=� G áU�q <�>�?�@ è ��O 900 m, d éoë�§ { ��� G á à�"È ��� G á U�q ú 3  �¡ U�x ð�È <�>�?�@ è �Y�Z q 3 U ��� 6�7 x ì�Y�Z q©¨ ��� θ
ç

0◦∼60◦î
ï�ð(à
1◦
x P=ª=«=�=¬ q A=�

100 C Monte Carlo

D�E ��� Ï"Ð"Ñ Ò�F�G�H�I Â�J�K 6 L�M ×\Q K ½ß�à�S�T q d éoë G á θr =0◦
U�q Ï�Ð�Ñ Ò�I Â�k

K
5
½Téoë�� { ��� G á ] <�>�?�@ O 900 m

U È
­=® ú 3=ced é ë G áb¯ í �=� G á U=q Ï�Ð�Ñ Ò=IÂ ÷ � �

θr

V�W�X�V h�c A�� k�K 5
; Á v�� q é

ë G á ��¬ � Ï"Ð"Ñ Ò È ��� k <�>�?�@ Y�Z�°�±È ����²�³ q\­�®�´�µ�¶ | ¤ ��� t�· Ü�¸ s < ÓÈ�×e¹=� q d=<=>=?=@ è � k=º=» ì�í ¿ â�¼ ú Â 2
h U égë ¯ í ��6���� G á�� � È�V h q ú �����½ °�±

θs j θr

��¬"È"ÿ�� q J ® 2 W"à�¾�¿ ½ ý
m Ï�Ð�Ñ Ò Í � ×
2.3 À�Á�Â�Ã�����Ä�ÅA�� D�E ´�µ SA-SAMV 1 Ý"Èêégë�Æ � Ñ ÒÍ � ×\Ç�È�/�0 Ï"Ð"Ñ Ò�I Â � égë�Æ � Ñ Ò�I ÂÈ ��� q égë�Æ � Ñ Ò�s ç SA-SAMV 1 Ý ��� ÏÐ�Ñ Ò�­�® È ��É | q\Ê�Ë�Ì (22)

ç 2�3 Æ � | Ò
1 Ï"Ð�Í�Î ��q Í�Î ��Ï h�Ð�� � È�Æ ��Ñ�Ò�-�Oé ë=Æ � ×ÔÓ C ¨ Ï�Ð�Ñ Ò=F=G=H=I Â ε

Õ=Õ O
0.1,

0.2 j 0.4,
Ï�Ð�Í�Î � Ü�Ö J�K

7 L�M q K ½ ¿ Ð OÌ
(22)

Ò 1 È Ï�Ð�Í�Î ��q\×�Ø�O D�E È�Ø�% E óÆ �=q d »`Ù -=U=q D=E È Ï�Ð=Í=Î �=O � � È�Ú=Û

Ü
5 ÝßÞáàãâßäßåßæèçßéáêãëßìßíßîßïßðßñßòßóßôßõßöß÷ßøßù
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Ø È�Ü=Ö�È K=ý ×ÔQ K

7
½(ß�à=S=T q � § { 2=3 Æ� È é ë�ñ�ò Ï�Ð=Í=Î È ­=® Ç a=þ Â=ÿ q ß�à ¨ »

h�� Ü O 3 � é ë ²�� q Ü N=s ! � é ë (0∼6 m) �
!�� éoë (6∼ 40 m) j�!�� éoë (40∼ 44 m)

× ñ�.
� Õ�Õ

3 � Æ � î8ï"ð�Èêégë Ò 1 »�Æ � Ñ Ò�F�GH=I Â q a=M ç K 8
½(×RQ K

8
½(ß�à=S=T q 2�3 Æ�
	�x Èêégë�Æ � Ñ Ò�I Â
� ÷ Ï"Ð"Ñ Ò�I Â V hX=V h=c
����� Ë È Camberra
ì�í���� ¿ Í=Î ��Ò

1 G Ý"ú$; {�(
� È
����ì"í � Ï"Ð"Ñ Ò�I Â n
���q ç Ñ Ò !
� égë j�!�� é ë�Æ ��U
� » _
a ×K
7 j K 8

½ ! � éoë k »�� ²�� éoë�È�Æ � Ñ ÒÍ ��2�3 È
� t�s�q ! � é ë ÏBÐ � â ÷ ÏBÐ� ¿V�W�X 5
� V h q ]
�  BÏ"Ð � â ÷�Æ � V�W�X 5
� V h q !
� égë j�!
� é ë 2 Æ"Ç ¹ Ï"Ð Ü�Ö����q\t ¹ ç K

7
½ ! � égë"È Í�Î"Ï
 
!
" { ! �#�$ Á Z=Æ � î
ï�ð q 2 ½�%�& � »��=Æ � î
ï q ç

Ü
6 ÝßÞáàãâ
'
(ßðßñßòßóßôß÷ßøßù

(a) ε=0.1 (b) ε=0.2

(c) ε=0.4Ü
7 ñßòßóßô
)
*ßðßÝßÞ
+
,áàãâß÷ßñßò
-
.
,
/
0ß÷ßøßù
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K
8
½ � Ë Camberra

ì"í"ß"à a�þ �
6
7 ! � éë�Æ � Ñ Ò
8�� ×:9 < 3 � égë�Æ � Ñ Ò�I Â�;=<ß�à=S=T qeO=¶ �=� ß�>�È é ë=Æ � Ñ Ò=­=®�q Ï�ÐÑ Ò�I Â � Z {
0.15
×

Ï ��D�E�2�3 é ëBØ�%�&�' �\5�6�7�8�9B·�:; j=<=>=?=@=h Z � é ë=Æ � Ñ Ò È �=� q@?=Ë SA-

SAMV 1 Ý ç 2�3 È *�+ ü�ñ�ò 100 C�A�B�C�D�D
E qÙÒ 1�E���F�G ü�È é ë=Æ � Ñ Ò=F=G�H=I Â q JK

9 L�M ×\Q K 9
½ ��y S�T q égë�Æ � Ñ Ò�I Â

÷ <�>�?�@ È�V h
H�5�6�7�8�9"·�: ;�È�V�W�X�YZ c ç é ë�Ø=%=&=' j=5=6=7=8=9�·=: ;b. - È *=+ü qJI ç . � ó=� o=p Ñ Ò È Ï Z <�>=?�@ qJK �=¹
<=>=?=@=� q é ë=Æ � Ñ Ò=I Â�L $ ]=��¬ 2�h=c çú 3�5�6�7�8�9�·�: ; *�+ ü q ��m & (200 Hz)

é
ë�È=Æ � Ñ Ò=I Â Z {�M &

(350 Hz)
é ë c o=p Ñ Ò

m &êégë�Æ � L
N È Ï Z <�>�?�@ Z {
M &êé ë q
d=5=6=7=8=9�·=: ; O 1 dB

U=q o=p Ñ Ò
200 Hz j

350 Hz
éoë�È�Æ ��q Ü N N å 500 m j 700 m

È <
>�?�@ q Ü N�s ¾�� Æ � È 12 O�j 16 O × - Í"Ü¸�� > r .��
P"È
� t�s ¾�� ½ I ç È Ï"Ð ¿ ÷"Ø%�&�'�V�W�X�V�W �\!�" ¾ ¿�x P"÷BØ�%�&�'�V�WX=Y=Z qet ¹ N å n h È ?=@�Q=� o�p Ü�í Ï�Ð × kR Ü=¸ ­=® ²=³ q Bogart

ç ��S 13
½UT=T q ç é ë

Ø�%�&�' f�g�m È F�G ü q !�"�6�?�@�2 Z { 12 O¾�� Æ ��U ��g�V � j
W Æ �
X
Y 6 ú $ Èêégë -� �=4 × N å �=T qJR=­=®�Z=s B -�[�\=*�+ ü�È D
E ­=®=qe(=) Ø�Ú�^ � 
 � [�\=t=· È�]�^ �=� q [] Í�Î G Ý �
_ Þ I ç . - È 2 p�- Í q\t ¹�QBÓ¦ |
` ¡ ó�� 2�3 Úba *�+ ü 8�p Èêégë�Æ � Ñ Ò
L�N È Ï Z <�>�?�@ ì�í N å ñ�. � Æ 9 /�0�×

Ü
8 ÝßÞßñßòßóßô
)
*ßëáàãâ
c
d
+
,ßðáàãâ
+
,ßóßô
)
*ß÷ßøßù

Ü
9 ÝßÞáàãâ
c
dßäßåßæfe
g
h
i
jßçßéáêãëßìßíßîßïßðáàãâ
+
,ßóßô
)
*ß÷ßøßù
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3 kmlmnmomprqó ´ ç�s�t ñBò q Ø ��u ��O�v �bw ��­�x ×
m &"Ø�% Ï �êégë�v � 4 ��5 & ·"¸ q &�'"Ü N�O
256 Hz, 289 Hz, 358 Hz j 400 Hz,

Ø=%=Æ �=O
25 m

×
UUV y�z 12 7�{�|�6 à 1.62 m/s

È � ��} á�~ íØ�% q Æ ��O
13 m,

º�» ì�í O
750 m,

¿�¢ ��� Uè O
300 s, <�>�?�@ è ��O 486 m

× #�{
UUV ���ç ! ü=. - Æ �=qet ¹=^�� � ¹����=� Á Z q ÷��=W

� � ¯"Â"Á Z q ó"ô"ó ´ ½�È
�Bò
�����
� _ ç `~��"¿ j�� �
�
� È ��É | q:� ¡ ��6
��� ¶ Ó"ÔÈ !�"
��� Y < ���
� Ð × J ® ó"ô � Ë ½ ��6 È÷
��W � ��I Â _
a q ßBà ?�Ë��  �� ú [ ��6
�L�� ¿�¢ ñ�ò�`�§�Ó q:��� ú���� � [19]
×

289 Hz j 400 Hz
&='�È=�=��� Ï�Ð�Ñ Ò=­=® J

K
10 L�M qU������  � < O Ó ¦ ��¡���¢�×bQ � ßà�S�T q ÏBÐBÑ Ò Ð k Ó ¦ Ð�£�< ��¤�M�q:�¥� �
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