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Single parameter inversion using transmission loss in shallow water
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Abstract According to the fact that inversion complexity decreased with the number of parameters, a single parameter

inversion scheme which conveniently obtains seabed property from range-intensity relation was proposed. Considering

bottom impedance, the slope of bottom loss versus grazing angle F was established by fitting sound speed, density

and attenuation. The acoustic field expression, described by F , was deduced based on the normal mode approach.

Accordingly, an inversion scheme using a least-squares fitting to transmission loss was designed. Due to reducing

the number of parameters to one, this method only requires single hydrophone and avoids complex measurement and

optimization algorithm. Experimental data in East China Sea were inverted. The applications of F for transmission

loss prediction and seabed property estimation were described. Both results were compared with the results from multi-

parameter hybrid inversion and measurement, and the agreement evaluated the validity of inversion.
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é D)g)_k)� Øl ÷ Ý*8)" ����	 õ ö
 Ï

Å �)� ñ�m è é `n Ð Æ ÿ Ë Ì è é Ï Å m* _ _ Ý
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ÍÏ Å õÍö�$�%ÍÝ ���#p�q �ßÎ�rßØßäÍås�t íÇî ùs.�
ÇÏ Å Ø�uÇñ ÿ 2001 � M�v�w¾Ës^s_GÇÚ

(ASIAEX 2001) Å�x m�*sT�G i õÇöÇÝ�y{z ÿËÍÌ èÍé üÍý�m�* _ _�eÍõÍöÍØ�
ÍÏ Å ��� Ð�| 
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Chapman ç [11] � �^f� Æ õ ö 	 ()g ` � Ø��ÍÏ Å ôÍÎ�$�%��Í×�QÍÎ�������m�*����ßØ�������ÍïÍðÍÝ¾òÍøÍÎÍÒ M�����T j ð j b�@#cÍÎ#�ÍØÛ Ü ñ # k þ õ Ý j�W� ã Ø��� �� Ø Î Ò è

éN�P� b@c Ø Ë Ì¾õ@ Î� ` q Ý 	 ( | 
 Ø��
' Ë Ì)$)%�)x ,� Î ÒsB ü ñ������ Ý�Q����� ' ËßÌ�$�% è#� � _ _ èßé ÎßûßÏ Å Ý �?¡ßËßÌõ�@ÍüÍý / ÓÍÿ j���W�� ãÍËÍÌÍüÍý�m�*ÍõßöÍØ��� Ð )�*ÍØÍÝ¾ù�.ÍØ�g�h�0#)�x#¢��#£���G i & �Ø��Ç×Çñ
1.1 ¤�¥�¦�§�¨�©�ª

j ð#«#¬ Y ï Å#x#, z Æ�� b#@#c#ßõ#@ �#	
BL(Bottom loss) ® b�@�cs��¯��Çü�°�±ÇÝ���� 	 (²�³�´ = î ��A Å ñ � +#µ#��2#�#cÍØßõ�@ßÎßäÍåHA% Ý 	 C��= ÿ Ñ Ë Î ÒÇØ)E)F�))x¶sp ÝoÎÒ�· × �P� b@c Ø õ@ Î¸¹ ñoò óÇÝwCº � b@c�ÍËÍÌÍõ�@ ��	�® cßã ³ : < Fdb

ø�
ÍÏ Å (
x

�cÇã�»Çø � b�@�c ϕ � 1
Ø�¼�½

),
m # � àÇËÇÌõ�@ ��	 BL

!�b�@�c
ϕ
[Çæ Æ

BL = Fdb ϕ. (1)õ@ �	 0))x �¾ Å¿À,- Ý õ@= Îr I

#�Á @ÇÎ�r I0

[ÇæÇø�Â
I = I0 exp(−Fϕ). (2)

V Á Ë Ì õ@ �	)#Á @)�= Îr Ø[ æ BL =

10log10(I0/I),
.���Ãs] ,�Ä�Å [�Æ�Ç�Â

Fdb = 10 log10 e F (3)È#É#Ê#Ë#Ì »#Í Å#Î#Ï �#�#Ð#Ñ#Ò�Ó Ê#Ë#Ô#ÕÖ�×�Ø�ÒÚÙ Ê�Ë�Û�Ü�Ý�Þ�ß
ρ1 à Ô Ï c1 àÚá�â Æ�ã

α ä�å Þ�ß ρ æ Ô Ï c
Ê�ç Å�è�é Æ�ã V ê�ë�ì�íî ã

Fdb
[9]:

Fdb =
10

ϕ
log10 |V |

2
=

40 log10 e

(

c

c1

)2
ρ1

ρ

β

(1 − (c/c1)2)3/2
.

(4)

ï�ð�ñ�ò
β ó Ê�Ë á�â Æ�ã α( ô�õ / ö�÷ ) Åø�Æ Ì Â

β =
α

40π log10 e
. (5)

1.2 ù�ú�û�ü�ý�þ�ÿ�þ��
���

Weston Å���� [7], � Ê á�â�����	�
����Ó
4  áâ���� Ò ô�� Ì Â�������� (r−2) à�� �����

(r−1) à “ ��ô������ ” ��������ö� �!�" (r−3/2) àí�������ö � ����� á�â (r−1e−Fr) #$ Ù&%&'&(&)�Í&*&+ Ê#Ë&,.- Ò0/&132 Ê�Ë#Ê
ç�Ô Ï Ò04 �&5�í î ã è&6 ,&-&7&8:9 [10], ;=< />�?�@�A

4  á�â���� Å�í î ã�B Ä�À�C B 1 #
D

1 EGFGHGIGJGKGLGM DGN

EGFGOGP EGFGQGR EGFGHGI
SGTGUGV

0 ∼

H

2
I =

I0

r2

WGTGUGV H

2
∼

2H

F
I =

2I0

Hr

XGYGZG[G\G]G^ Q H

2
∼

9H3

Fλ3
I =

√

2π

FHr3
I0erf

(

√

Fr

2H

)

K YGZG[G\ EGFGQ 9H3

Fλ3
∼ ∞ I =

λI0

H2r
exp

(

−

λ2rF

8H3

)
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	&g&h&i '�Ò04 ÷ �&	�á�â 9=j @&k&l # 4 r � H

Å ��	 erf m ãonqp�r j /�s Fr/2H � 1, �������
ö� �!�"�Å á�â�t�u í î ã F Å�v�w j @ 2�x�B Ä
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I =

√

2π

FHr3
I0. (6)

� Ù��  � 	 A Ô�� á â Å ã � æ á â B ÄÀ (6), � j @	�	
	�	� × Ê�Ë è�é ï	 �	� é	� p���
F #�����è�6�å������ � Ù í�� ç������ r������� ��	 r  Ô�� I , !�" Ê�# H ,

% ��$�%�&�'( Ò Ì*)  � r �*+*,*- ã��  ����íÅè�6��*.�#
2 /1012131465
2.1 7�8�9�:

2001 � 9<;�=�>�ç�Ô���? 4�@ 9<>�Ê�A�B�C ?) � � Ê�ç�Ô�D�E (ASIAEX2001), F�G B�C ?�H�IÔ	J �	� _	K #�L 1
Ç&_	K å	� 9NM	O Å	P	Q&# 
R�S 4

M T�U�V Ò?Ø é S�W L 9�X<Y�Z ��[ FH \C # Ø é S \ C 9<M�]�# 50 m Å 38 gTNT
H	I Ô

J�^ !�" = S G � æ Ê�# #Ô Ï`_ � C`L 2, a`b`c`d Ê � t`e`f i`g ÎÔ Ïih Ò j 2.xijik f.iil Ô Ïim#ë Ò �inio f.ipiq Å`rtsiu#éiviw Ò�x � ? Ê#Ë è#éiw Ñiy Ôiz
Å�v�w�#|{*}è�6Å MG ~�5 30.5 km

j @ 2�x*j*k

�
1 �����GQ��������������������������������

�
2 ����� T

l Ô Ï çi� � p m#ë Ò�ã.� j @ Ùi� �i� è.6i���
30 km � � Ê	#	� x	�	��Ò��&4	K	� �i� ïi n Ùk î�D #
2.2 ù�ú� �¡D£¢ � � � � æ � � � � " A Ò�¤ Ù 4 u
30.5 km ¥N¦	§ 9 �	T�Å �&	 ó Ô	� Ç )	¨ �	� ã�#Ò �i
 � Ùi©iª �i«i. Ói¬ (6)

9 �i� × í î ã
F #� � $ Ù Å Ì H*I Ô*J Ò _*K*®*¯ Ì <�å 1/3 °± � � ) Å*m*²�# h ±*� Ç 100 Hz,

Ê�Ë èé ï* �
� é�� p ��� Ç 0.5541 dB/rad # ��³ Å�´�. Ò è�6×

300 Hz í î ã Fdb

Ç
3.0170 dB/rad #`� ��µ à9N±

(1000 Hz
@ s ) � Ê �	�	¶	· t&u Ê�Ë è�é ï v&w Ò � Ê�Ô	¸ 9N¹ (	º ô�Å	» r	¯	¼ Ê�Ëi½	)

i ï	¾&�	¿�ð ? Ò�Ó » r á�âiÀiÁ Ê#Ë è#é ï	 íî ã	Â � Ô	�	Ã � Ò ,	s �	Ä#Ó è&6im	²#èiÅ Ê#Ë
w Ñ Å _�`�Æ ² A K���Ç ��.�Å i Æ w�#
3 È1É14151Ê6Ë62ÍÌ6Î6ÏÍÐ6ÑÍÒ

4 ç s Ô	z ' ( 9 Ò Ê�Ë è#é	w Ñ	©iÓ · ÅiÔÙ ��Õ � ��� ï� #È�É�Ê�#
H
��p�Ò ö�÷ λ Å )�Í � Ê���Ö�� )z��

I
j @ B�×�Ç

[10]:

I =
λI0

H2r

N
∑

l=1

exp

(

−
l2λ2rF

8H3

)

. (7)

Ø�Ù i Æ ����ö ã N = 2H/λ, � j @ ' ( ��	
r  Ò Ô�J�z�� I0 Å ��� ï� #ä�å�í î ã è&6	m	²�Å �	� ï	 Õ � ® ó _&`Ú � ® Z�Û�Ü è�6���.�m�² [4] Ý<Þ Ò���� j @ �àß
í î ã è&6	m	² j @ i Æ Õ � �i� ï	#Ò ,i- j @B�)�á K���Ç ��.�â � ��w�# (

@ s�' ( 9 Ò í î ã/ 5*}�è�6*m*² Ò _*K 9ã� > Ê*# 105 m à 1�2 ÊË
 �â Ê�ç�Ô Ï 1519 m/s à Ê�ç�Þ�ß 1.025 g/cm3) #

100 Hz
��� ï� C�L 3 ä × # @�å Ç�æ�y�_�K

�
3 100 Hz ç�è�é�ê�ë�ì�í�î�ï�ð



4 F � � l�� � Ù ��� ï� è�6 Ê�Ë í î ã 475

m�² ¶�· Ó @ s���T�ô�� �
(1) í î ã è&6	m	² (0.5541 dB/rad) ó	}�� 4

â è 6 ��. ��³ » C _ è�Å Ê Ë â	� _�
	� � 5
30.5 km

Ê�Ë� { ç�� Ò Õ � ® ó Ú � ®�Â � Þ�� #
��� 30.5 km

@ � Ê*# p � Ò �*Â � ç*�ÊËÈÉ Ò
Õ � ® ó Ú � ® i���� # ½�� Ó è ���i� ? í î ãè�6�» Þ���� è�Å Ê�Ë w Ñ #

(2)
D�¢ ©�� â ��� æ � ����� " A Ò���� â����� â	Õ � ®&_&`�Ç�� [	�i� â	mi² Ò ä @ ó ÝNÞ

â&�	. i )	] ��� ��, _.` A� Ê�ç#Ô Ï l Î � ÊË  ( L 2),
Ê�ç�Ô Ï�! ß�"�#�$ l q âàr<s�u�é Ò½ x&( ? Ê�Ë y Ô	z â á�â k#Ù�Ò&%�'�( �&	 â �� ï	 Ú � ® Ý Õ � ®�)�* � (�Ò ��� ó&�.�iÕ	'

g Â #
(3)
Ç ?�+�, ��� ï��y è�6�m�²�â�-�.�w Ò /

è�6�m�²�â���ô�� ) (0.2800 dB/rad)
B�C ? ��� ï

 â*Õ � # m*² B ß � � ��� âè�6*m�² � »�/ ���
â*Õ � Ò ó Ú � ®  { �*Â # ñ å � � è�6 ÊË èéï	 �	� é	�	â p �	� Fdb

y	� �	� ï	 â	Õ ��0ø�Ó · #
(4) 1*� ±*� â �*� ï* ��� ® ó _*K*® ÝãÞ C

L 4,
ç���Ê�Ë " A Â ��2�3 � Ò��àß � Ù í î ã è

6ê*Õ � �*� ï* ��� i ÆÒ B ß è�6*m*²*»�� � B4 Ê�Ë w Ñ #

�
4 100 Hz 5 300 Hz ç�è�é�ê�ë�ì�í�î�ï�ðGJ7698

4 È1É1Ê1Ë12;:;<>=;?>@;A;B>C
}�� 12 D × í  ÊËÈÉ sè�6 Ô Ï ®�E�4 �±	� â � x , â ª â�F�G Ò ,�1i� î ã G E.4�H �ø�IÒ�ñ å ��J i Æ�K � ]� { Ô�î ã â � )�® #MLÌ Ò ��� ( ��	 �*� Ë â kÙ â�N Ò }�� 3 æ 4

½
O� � í  Ê�Ë&,&- â�è&6&�	.�P > â l Æ m	²�Q

R Ì i _�Ù §�S	â&#�{�T Ä í î ã�U ' Ê#Ë#Û�Ü m
²ó�� ÝãÞ # � ß è�6��í*â �*n Ò è�6*m�² ��� è
Å ? Ê�Ë�Û�Ü�Ý â Ý ��w Ñ #

í î ã�V�W ÊË n ÒYX l �����ö*{ 4 Ô [�@ �é�� ϕl


�Z Ê�Ë Ò Ê�Ë è�é ï��I�ã E � ¬ (2):

E = exp(−Fϕl). (8)

4 ��	�[ r  Ò Ô [ ó Ê�Ë 
�Z � ã n:

n =
rϕl

2H
. (9)

D*¢ ¶*·*�*� ï* ÌÊË èé ï*Ò 4 ��	�[ r

 �â ��� ï��I�ã Er

j @�\ k �
Er = exp

(

−
Fr

2H
ϕ2

l

)

. (10)

� � i í î ã ,�- 4�ª���]�¾ � ϕc

n�^�_�` (
��]	¾ �	â Ô [ ¯�a�b á�â # ñ å ] S ) ��c � �
	 r0:

r0 =
2H

Fϕ2
c

. (11)

4&(	�
r0 â �&	�[ D ã á�â (

Ù ô�õ B	× [ [
w á�â ), , ª�� r0 â ��	�[ (���]�¾ ��â á�â ` ÝD ã áâ�d � #�äå Ú E�e K T*â á�â���� ` j @*�Ú�f�g

r0 â /�® ` � ¬ (11)
U ( ×�]�¾ ��# � Ù�]¾ ��ó�h ç�i b c â ø�I �

cosϕc =
c

c1
. (12)

P > h�j i b c1,
R � � Hamilton < K � ¬ [13]:

c1

c
= 1.631− 1.78np + 1.2n2

p, (13)

ρ1 = 2.6 − 1.6np. (14)kmlmnmo �
np � j P > Û Ü Þ ß ρ1 #&p Ù¬

(4) � j P > i á�â I�ã â U ' ® #
L 5
� Ù

100 Hz
_*Kã�� �*�*�*[ U '�h�j iî ã # L 5

9 � [ [ � Ù í î ã Õ � â �*� ï* ` �[ [ � Ù [ w á�â " ¥�ó	Õ � ®	Â � Þ�� â��i� _

�
5 qsrGKGLGMstsusvsw��GLGM
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K T ã&� �	��� â [ w á�â �	[ # j @	� Ú >�� r0

 � 13.5 km � 2 ` � ¬ (11) � > ] ¾ ��� 20.15◦,
�

� ¬
(12)

ø�I >���	 i b
1618 m/s #�
 ��� Hamil-

ton < K � ¬ > u Þ�ß � 1.82 g/cm3 #B
2 [ 4 � ) _ K B C â =  � $ è 6 �

. [3−4] ó#í î ã è.6 U ' ®iy Ý #�mi² B ß í î ã
è 6�» 4 Þ � í�â è 6 å���s�P > Ý Þ j� â�m
²�# ���*¬ (13) ' (�n�o*� � 0.48,

y Ô ��	 O�- [������� ` ó�L 1
9

M T�� 2 h�j $ ³ m�² ) ' #
D

2 ���������������7698
��� (m/s) ��� (g/cm3)���
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