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Abstract: To achieve a desired steering direction or beamwidths transmit antennas in so-
nar applications usually apply an optimized amplitude and time-delay or phase shading to
the individual transducers. Modern active sonar Systems usually operate at larger band-
widths using frequency modulated signals and subsequent matched filtering to maximize
the signal to noise ratio. Nevertheless the shading parameters are usually estimated based
on monochromatic evaluations e.g. for center- and edge frequencies due to computational
reasons. Hence to ensure the performance including the undistortedness of the signal a
broadband optimization criterion should be applied.

In this paper the shading parameters for a sonar transducer array are optimized to achieve
a desired transmission pattern at the matched filter output of the consecutive processing
chain. Each transceiver of the antenna is modelled by a single source with an inherent
characteristic to calculate the superposition of the delayed signals at a given range or in the
far field. The shading parameters are obtained by exploiting numerical optimization tech-
niques. Finally, the transmit characteristics obtained by the broadband and the narrowband
optimization are compared by their angular dependent matched filter response.
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1. INTRODUCTION

For sonar transmitters it is often desirable to provide a constant source level over a
wide angular width while transmitting no power elsewhere [1]. The realization is only
possible approximately due to limited antenna lengths and a limited amount of transmit-
ters. Similar to electronic filters this results in degradations like passband ripples, a transi-
tion band with limited steepness and a stopband with finite attenuation.

To achieve a desired steering direction or beam widths optimized amplitude and time-
delay or phase shading are applied to the individual transducers [2] which are mostly cal-
culated by numerical optimization methods.

In the conventional beampattern calculation monochromatic waves are assumed to de-
termine the resulting superposition in a distinct point or in the far field. This simplification
allows a fast computation of the beampattern and therefore a faster optimization which is
one reason for its common use. However, most acoustical active antennas apply frequency
modulated (FM) pulses with broader bandwidths. In order to determine the beampattern
for those pulses a time-signal-based beampattern calculation based on the matched filter
output is introduced.

In this paper the conventional beampattern calculation — based on an infinite continu-
ous wave — and the introduced matched filter beamforming — based on pulses of finite
duration— are investigated and the results are compared. Finally these are used to optimize
the shading coefficients of a linear transmit antenna and the effect of different signal types
and pulse lengths are displayed.

2. CONVENTIONAL BEAMPATTERN CALCULATION

In the conventional beampattern calculation each transducer is modelled as a single
sound source. The superposition of the monochromatic signals emitted by N transducer
elements and observed in point P (¢, 8, R) can be represented by the complex beampatter

1% .
bp(P.f) = 5 ) 0ulP. Pea(P. e (1)

with the normalization constant Q, the complex shading parameters
Qn(P,f) = anejzn%nfr (2)

depending on the amplitude and time-delay parameters a,, and £,, the inherent n-th ele-
ment characteristic ¢, (P, f), the wave number k = 2 f /c and the distance to the obser-

vation point P
le
P — (yn) .
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The logarithm of the squared magnitude of the narrowband complex beampattern given by

T (P) =

€)
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BPy (P, f) = 201g(|bp(P, f)I) (4a)

is denoted as beampattern. For broadband signals the beampattern is integrated over the
bandwidth B, which can be approximated by the Riemann sum

1 I
7 pr(P, mD. (4b)

1
BPy(P,f) =20lg( = fbp(P,f)df z201g<
B

3. BEAMPATTERN CALCULATION IN THE TIME DOMAIN

In contrast to the conventional beampattern determination a beampattern calculation
based on the matched filter correlation between the transmitted signal s;,(t) and the re-
ceived signal sg,(t) on an observation point P is developed, which is the superposition of
N signals shifted by the delay 7,,(P) in the time domain. This allows the use of finite
pulse lengths and different signal types like frequency modulated (FM) signals with arbi-
trary bandwidths. The delay t,,(P) is defined by

Tn(P) = ‘fn + fP,n(P) —Tp = rn(P)/C + fn —Tp (5)

where p,,(P) is the travel time from the n-th transmitter to the observation point P and
7o the minimum mutual time delay which is subtracted to minimize the computational
effort. The n-th delayed transmitted discrete signal with the length of M is given by

sp(m, P) = 1;g7(mTs — 7,(P)) anc(nIEI)’) J(mTs=tn(P)) ©

where T is the pulse length,

1o (©) = {E te[0,T]

elsewhere

denotes the rectangular function of duration T and 1 (t) is the phase argument defined by
the chosen signal type. The received signal at P is now given by the superposition

N

Sem P) = ) 5,(m,P). ™

n=1

The beampattern is then given by the maximum of the cross correlation between the re-
ceived signal sg, (m,Ts, P) and the transmitted signal s, (m,T)

BPyr(P) =20-1g (mnal\x|rsszRx(m | P)|). @)
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4. EXEMPLARY INVESTIGATIONS

In the following section the introduced matched filter based beampattern calculation
BP,,r and the conventional beampattern calculation BPy or BPg with four different pulse
types — CW (continuous waveform), LFM (linear frequency modulated pulse), HFM (hy-
perbolic frequency modulated pulse), and DFM (Doppler sensitive frequency modulated
pulse) [3] are compared. All calculations are based on a linear transmit antenna with N =

36 equispaced elements inherent stave characteristic at pitch of 0.4A4.

Figure 1 shows the beampattern BPy and BPy,; for the aforementioned antenna without

amplitude and phase shading applied for different pulse lengths.
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Figure 1. Comparison between the conventional beampattern calculation BPy or BPz and
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the matched filter base beampattern calculation BP,, for different pulse types and dura-
tions T. The bandwidth for the FM pulsesis set to B = 0.3f,.. The black BPy graphis
masked by the light green BP,,» 5 ms graph.
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In Figure 1a) for a pulse length of T =5 ms the BP,;r matches almost perfectly with
the BPy. For lower pulse durations the notches are less distinct and the sidelobe level is
decreasing. At the lowest investigated pulse length the BP,; matches the shape of the
broadband signals displayed in Figure 1b), ¢) and d) which results from the signal length
induces bandwidth. The BP,; for FM signals is significantly smoothed and also shows
reduced ripples for decreasing pulse lengths. Here the BPg has an equivalent shape but
overestimates the sensitivity for higher incidence angles up to 3 dB for 8 = 90°.

In Figure 2 the degradations due to pulse length or type mismatch are investigated. The
shading parameters a,, and 7,, are optimized by numerical nonlinear optimization tech-
niques [4] using a 5 ms LFM signal to provide a 60° beamwitdh with minimum ripple and
a sidelobe suppression of 20 dB after a transition region of 10°.

a)T=05ms b)T= 1ms

-10 10}

A5 51

|
|
|
_ | -
m @
3 | S,
o ! o
@ 20 b= — i @ 30 p -ﬁ
=251 BPMF.LFM | -25 BPMF.LFM 1
. —" BPMF.HFM i — BpMF.HFM
-30 i BP v orm| 1 301 BP e orm Wi 1
,I P BPMF.CW i — BPMF.CW
a5 i P i i i 35 : h \ i :
-90 -60 -30 ] 30 60 90 -80 60 -30 1] 30 60 90
Elevation # [deg] Elevation # [deg]
d)T= 10 ms
m - m -
=2 =2
o o
o @
Elevation ¢ [deqg] Elevation ¢ [deg]

Figure 2: Beampattern obtained by one set of shading parameters for different calculation
methods, signal types and pulse durations. The parameters result from an optimization
with a5 ms LFM signal. The graphs are normalized to satisfy the stopband restrictions.
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For all pulse durations considered the BPyr calculated with an LFM signal provides
the desired characteristic with a slightly increased passband ripple as indicated in Figure
2a). The BPg also provides a result with low ripple but with 3 dB less sidelobe suppres-
sion for large incidence angles. In addition to an increased ripple of 3 dB in the passband,
the BPy calculated with a CW provides similarly reduced sidelobe suppression as the
BPg. The BPy calculated with an HFM and the DFM are comparable and provide the
largest ripple and the lowest sidelobe suppression. Overall the investigated pulse lengths
have minor influence on the calculated beampattern. Hence optimizing the beampattern
requires separate shading parameter sets for all system pulse types but not necessarily for
different pulse lengths.

5. CONCLUSION

In this paper we introduced a beampattern calculation technique based on the output of
the matched filter of the consecutive signal processing chain and compared this to the
conventional beampattern calculation for narrow and broad band signals. The introduced
technique calculates the response of the antenna for a signal transmitted towards an arbi-
trary point. Nevertheless the computational effort is proportional to the pulse length of the
applied signal being disadvantageous for numerical optimization methods.

The shading parameter optimization of an exemplary antenna using the matched filter
based beampattern calculation technique provided the desired behaviour almost independ-
ent from the signal length. Nevertheless the same set of parameters proved to be unsatis-
factory with other pulse types applied resulting in increased ripples and significantly lower
sidelobe suppression. The conventional beampattern calculation provided a comparable
result only degraded by the overestimated sensitivity at high incidence angles.

Future research should focus on a further adaption of the conventional beampattern cal-
culation to better match with beampattern obtained by the matched filter based calculation
for broadband application to combine processing speed and a better performance estima-
tion.

REFERENCES

[1] Urban, H.G., Handbuch der Wasserschalltechnik, Verlag STN ATLAS Elektronik
GmbH, Bremen,2002

[2] Blondel, P., The Handbook of Sidescan Sonar, Springer, 2009

[3] Rosenbach, K. Ziegenbein, J., About the effective Doppler sensitivity of certain non-
linear chirp signals (NLFM), Low Frequnecy Active Sonar Conference, 1993

[4] Alt, W., Nichtlineare Optimierung, Vieweg, 2002

Page 306



	02
	309_UACE2017
	8.3_UACE2017_236



