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3 Sonar Antenna Design
The characteristic features of a sonar transmitting/receiving 
antenna are mainly determined by the 
 geometry and shading of the antenna aperture 
 properties of the individual transducers.

3.1 Design of the Antenna Aperture
3.1.1 Basic principles

Without loss of generality only transmitting antennas are 
considered in the sequel. 
The aperture of an extended sound source can be understood 
as an arrangement of finite or infinite many point sources.
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Finite or countable infinite many point sources
Let Qn denote the amplitude of the n-th point source with n = 
1,…,N. The amplitude of the sound generated by the array of 
point sources at a particular point P in the three dimensional 
space is given by
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where

can be determined either by

or with the law of cosine by
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Assuming, that                           for all n =1,…,N (far-field), i.e. 
the vectors     are nearly parallel, we obtain approximately

and with

finally
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and in the denominator by

leads to

After normalization by

we obtain

( )cos ( , )n n nr r r′′ ′ ′≈ − r r

( )n nr r r r′′ ′≈ 

( )
( )

cos ( , )

1
( , ) .n n

j t kr N
j k r

n
n

ep t Q e
r

ω −
′ ′

=

= ∑ r rr 

1

ˆ ˆ ˆ, where for 1, , ,n

N
j

n n n
n

Q Q Q Q e n Nα

=

= = =∑ 

( )
ˆ

( , ) ( , ) ,j t krQp t b e
r

ωϕ θ −=r 



I N S T I T U T E   O F 
W A T E R A C O U S T I C S, 

S O N A R   E N G I N E E R I N G   A N D
S I G N A L   T H E O R Y 

Chapter 3 / Sonar Antenna Design / Prof. Dr.-Ing. Dieter Kraus 7

where 

denotes the complex beam pattern with

The squared magnitude in dB

is called beam pattern.
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Continuous apertures

The amplitude at a particular point P in the 3-dimensional 
space is given by
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where                      represents the amplitude of the k-th subap-
erture. For the far-field, i.e.                                , the expression 
simplifies to

Now, taking the limit                         , the sum turns over into a 
surface integral

where  qs dS can be understood as the amplitude of a transmit-
ter of infinitesimal aperture dS. 
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3.1.2 Continuous Apertures

Rectangular Aperture
For a 2-dimensional continuous aperture of rectangular shape 
and an coordinate system defined as depicted below,

we obtain
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Using the wave number vector representation given by

the pressure can be expressed in spherical coordinates by

After introducing  
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we can define the complex beam pattern

so that the pressure can be represented by

Moreover, the complex beam pattern can be interpreted as 2-
dimensional Fourier Transform from the spatial (normalized 
aperture function) into the wave-number domain 
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Assuming qs(y, z) to be constant over the entire rectangular 
aperture the complex beam pattern becomes

or as function of azimuth φ and elevation θ finally
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Typical beam pattern of a quadratic aperture 
with qs( y, z) = const.
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Linear Aperture
The aperture function of a continuous line shaped aperture can 
be expressed by

Choosing the coordinate system as depicted below 

the pressure becomes
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Moreover, exploiting                             the pressure can be 
written in spherical coordinates as

After employing the complex beam pattern 

we obtain 
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where

The complex beam pattern can be again interpreted as Fourier 
Transform from the spatial into the wave-number domain

which for ql ( y) = const. simplifies to

or as function of azimuth φ and elevation θ to
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Typical beam pattern of a linear aperture 
with ql ( y) = const.
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Typical beam pattern of a linear aperture 
with ql ( y) = exp( j k sin(π/9)y)
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Circular Aperture
Now, we consider a circular disc shaped continuous aperture. 
With an coordinate system as introduced below,

we can derive for the pressure the expression
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which by employing                                   

can be reformulated in spherical coordinates to

To simplify the evaluation of the integral the following sub-
stitution (polar coordinates) is introduced.
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with

Hence, we obtain
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and

with

If the aperture function possesses circular symmetry, i.e.

the complex beam pattern can be written as

where β denotes the angle between the vector r and the x-axis. 
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For                  we obtain
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Typical beam pattern of a circular aperture 
with qs= const.
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3.1.3 Discrete Apertures

Dipole
A dipole consists of two in phase opposition working point 
sources of equal strength and displaced by d which is small 
compared to the wave length, i.e. 2 1.kd dπ λ= 
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Supposing                        the pressure can be determined by

or in polar coordinates by

Since              we can approximately write  
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Hence, after introducing the 
beam pattern 

the pressure can approximately
be calculated by 

The beam pattern of a dipole 
which possesses an "eight cha-
racteristic" is shown in the dia-
gram on the right side. 
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Linear Array
The aperture function for a discrete linear array can be inter-
preted as a sampled version of a corresponding continuous

linear aperture function, i.e.

d
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Hence, the pressure wave field can be described by

or in polar coordinates by  
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Moreover, after introducing the complex beam pattern 

the wave field can be written as

For                                  , i.e.                     , and                 the 
complex beam pattern simplifies to

Furthermore, exploiting the well know result
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the complex beam pattern can be written in closed form as

By taking the magnitude of          we obtain
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Assignment 7:
Develop a Matlab program that determines         

with

for the following parameters. 
1)                            element spacing 
2) Amplitude shading, e.g. chebwin
3) Linear phase shading, i.e. electronic steering
4) Parabolic phase shading, i.e. beam shaping
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Typical beam pattern of a linear array with Qn = const.( )B β



I N S T I T U T E   O F 
W A T E R A C O U S T I C S, 

S O N A R   E N G I N E E R I N G   A N D
S I G N A L   T H E O R Y 

Chapter 3 / Sonar Antenna Design / Prof. Dr.-Ing. Dieter Kraus 35

Planar Array
The aperture function for a discrete planar array can be also 
thought of as a sampled version of a continuous planar aper-
ture function, i.e. 1 1

,
0 0
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Thus, the pressure wave field can be written as

which by employing
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can be reformulated in spherical coordinates to

where              denotes the complex beam pattern defined by 

with
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For                                                 the beam pattern simplifies to

Exploiting again the closed form representation for finite geo-
metric series we can state
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Finally, after some reformulations

the magnitude of              can be expressed by

and in decibels by
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Chapter 3 / Sonar Antenna Design / Prof. Dr.-Ing. Dieter Kraus 40



I N S T I T U T E   O F 
W A T E R A C O U S T I C S, 

S O N A R   E N G I N E E R I N G   A N D
S I G N A L   T H E O R Y 

Chapter 3 / Sonar Antenna Design / Prof. Dr.-Ing. Dieter Kraus 41

Analogy of transmitter/receiver characteristics
The laws of the sound radiation treated before can be transfer-
red to the sound reception. 
That is, a sound wave emitted at a point P and measured via 
an arrangement of sound-sensitive sensors, e.g. an array of hy-
drophones, provides a superimposed signal that possesses the 
same location (direction and range) dependence on P as the 
sound pressure in the case of sound radiation. 
In particular the same principles for the near-field and far-field 
transition as well as for the beam pattern apply, cf. to this also 
Chapter 5. 
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3.1.4 Array Gain and Directivity Index

When projectors resp. hydrophones are assembled in arrays the 
transmission power can be focused resp. the signal-to-noise 
ratio can be improved.

Transmitting Array Gain
Let S(φ,θ ) denote the angular characteristic of the sound field 
emitted by each individual projector of an array and let     
represent the beam pattern of the array if omnidirectional pro-
jectors would be used, the array gain (AG) is defined as

2
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Receiving Array Gain
Now, N(φ,θ) represents the angular distribution of the noise
field and             the spatial filter characteristic of an array of  
omnidirectional hydrophones. Hence, the array gain (AG) is 
defined as

Directivity Index (receive and transmit)
If S(φ,θ) is omnidirectional resp. N(φ,θ) is isotropic the array 
gain simplifies to the so-called directivity index 
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