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Analyzing System of Underwater Sound Waves Using
a Linear Array of Hydrophones

Seo Du—ok* Chang Jee-won**

Summary

The linear array of hydrophones has been employed in the passive system to determine the
direction and spectra of the underwater sound sources. In this system the amplitude and the phase
of the signals were conveniently changed by controlling each hydrophone separately. For the
reduction of the resonance frequency of the hydrophone, an appropriate aluminum diaphragm was
attached to each ceramic bimorph plate of the hydrophone. These hydrophones were tested in the
anechoic water tank to measure its frequency response for the underwater sound waves. From the
test results it was found that the responsivities of the hydrophones in the frequency range from
0.9KHz to 50KHz were good enough to be used in the array device. By taking a circular
convolution of the output signals from the hydrophones and the rectangular weighting coefficients
assigned to each hydrophone, a sharp single lobe directivity of the system and the time averaged
spectra of the underwater sound source were obtained.

In the computer simulation 25 hydrophones were used in the array of 10 spacing. The received
power level from the array direction(zero degree direction) were higher than those from the other
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directions. The power levels were at least 16dB higher for the rectangular distribution of weighting

coefficients, 8dB higher for the rectangular signal and rectangular distribution weighting coefficients

and 16dB higher for the sinusoidal distribution of weighting coefficients. The results of the com-

puter simulation were in good agreement with the measured values from the water tank

experiments, From these results it was possible to use simple rectangular distribution of weighting

coefficients to obtain the same directivity obtainable from the use of sinusoidal distribution of

weighting coefficients. In addition, the analyzing time could be reduced dramatically by the use of

the simple weighting coefficients,
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Fig.1. Arrival time delay of underwater sound wave front at each array element.
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Table 1. The Minimum difference of the relative power level between the direction of array of

0’ and the other direction vs. the number of hydrophone on the arrary

Number of 10 10 19 19 20

hydrophone
Distribution of

weighting S R R S R

coefficients

Kind of filter L L L L L

Power level(dB) 8.8 7.9 11.1 13.2 13.1

20 20 21 21 22 22 22 23

S R R S R S R R

L NONE L L L L NONE L

14.9 58 14.9 169 16.7 19.9 16.6 17.9

Number of 23 24 24 25 25

hydrophone
Distribution of

weighting S R S R S

coefficients

Kind of filter L L L L L

Power level(dB) 18.1 16.7 18.1 16.7 16.6

25 30 40 40 50 60 80 100

8.3 183 181 9.4 17.2 17.5 17.9 19.0

R Rectangular distribution of weightings
S : Sinusoidal distribution of weightings

RR : Rectangular signal and rectangular distribution of weightings

L : Low pass filter
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H : Number of the hydrophone

R ! Rectangular distribution of weightings
F : Kind of filter

on,
W : Weighting coefficients
S : Sinusoidal distribution of weightings
L.P: Low pass filter



8 Cheju National Universily Jowrnal Vol. 28, Nalural Sciences (1989)

8] #+ 0.6KHz, 1KHz, 1.5KHz, 2KHz, weightingtRlt 2ol AoiA KebpZEeke] #7)
3KHz, 4KHz, 5KHzsl 7% %% 16.9dB, faNE 3118, 35, 40M8, 5048, 60M@, 80, 10
16.2dB, 14.4dB, 12.2dB, 15.0dB, 7.8dB, 13. 0= ulFolA MM simulation L=
2dBol R, Fum¥s weighting{Rly ol E Table 29} 7o} EHEEEF Kh2EH% B 31
0.6KHz, 1KHz, 1.5KHz, 2KHz, 3KHz, 4KHz, f8 Llbolw 2% AME Mkt & <43
5KHzel A% =% 13.2dBolslcl. = HERHE <€ =Xz} gkoket
0
H:25
F:LP
-10 W:R
Si:R
i% -20
.
&
[¢3]
— _30 L L 1 L
a4
@ 0 1 2 3 4
@ 5
o
T
E 0
E H: 40
&J F:LP
-10 W:R
Si:R
_20 -
-30 \ ) 1L A L ) )
0 1 2 3 4 5

FREQUENCY (KHz)

Fig.5 The results of computer simulation.

H : Number of the hydrophone . W : Weighting coefficients
R : Rectangular distribution of weightings F :Kind of filter
S : Signal L.P:Low pass filter
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Table 2. The angle of the main lobe with the power level higher than that of the first side

lobe
Number of A B C Number of A B C
hydrophone (KHz) {(dB) (degree) hydrophone (KHz) (dB)  (degree)

0.6 16.9 81 " 3 13.5 35
1 16.2 63 ® 4 13.1 31
" 1.5 14.4 50 5 13.4 81
® 2 12.2 3 0.6 17.6 84
3 15.0 35 1 15.0 62
4 7.8 28 " 1.5 13.7 50
5 13.2 28 ® 2 13.4 3
0.6 13.2 81 3 13.6 35
! 13 2 59 4 13.1 3]
2 1.5 13.2 a7 5 13.1 a7
) 2 13.2 41 0.6 17.5 82
3 13.2 33 1 15.1 63
4 13.2 29 1.5 13.6 50
5 13.2 25 gf) 2 14.4 3
0.6 18.5 85 3 18.4 35
. 62 6 4 13.5 31
) Ls 132 o 5 13.2 27
® 2 14.5 3 0.6 17.5 84
3 16.6 36 1 15.0 62
4 14.7 31 1.5 13.5 50
5 1.3 27 (‘:3) 2 13.5 3
0.6 18. 4 85 8 13.4 35
X 68 62 : 13.3 3]
1.5 4.1 50 5 13.2 T

35 2 4.1 3
®) 2 135 25 0.6 17. 4 85
4 13.6 31 1 15.0 61
5 hg 8 100 1.5 13.4 50
2 13.6 43
e " 2 By
(R) L5 13.8 50 : - -
: : 5 13.1 27

2 13.2 43

: Frequency of receiving signal

: The difference of power level between the main lobe and the first side lobe
: Angle of the main lobe higher than the power level of the first side lobe

: Rectangular distribution of weightings

: Sinusoidal distribution of weightings

nw | Ow »
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Table 3. Specifications of the ultrasonic ceramic bimorph microphone

Item Specification Item Specification
Central frequency 40KHz+ 1KHz Temperature -20C-60C+3KHz

e Insulated 100M QO at 100V DC
Sensibility -65dB/V/uBar resistance

Capacitance 1700pF £25% at

Band pass width -73dB/V/pBar more

1KHz than 4KHz(at 25C)
Directive -7.5dB, between Humidity 40C, 90-94% R.H.
characteristic 0’ and 30° characteristic 100hours, *3.0dB
BD !
e 1
i =]
1 U
tC
L ' )
0 Smm

Fig.8. A schematic drawing of watertight ultrasonic

A : Diaphragm

C : Ceramic

ceramic bimorph microphone.
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Table 4. Specifications of the diaphragm attached to the ultrasonic ceramic bimorph

microphone
w A B c D E F G H I J
Item
Material None Al Al Al Br Pl Al Al Al Al
Diameter

None 12 19 26
(mn)

Thickness

None (.85 0.85 0.85
(ax)

Weight(g) None 0.30 o0.76 1.43

26 26 26 29 38 50

0.3 1.5 1.7 1.2 0.85 0.85

0.47 0.41 2.86 2.58 3.06 5.29

Al : Aluminum, Br: Brass, Pl : Plastics

oA MY 4 2ASR polymasolZ MY Kk
EAHA s

2. kpREFHRA REH MEXAN
®

AebgEst FkE RiEdE A+ AEK
o2 Mkt Kbi2E#Cl FHE RE3dT
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S3ted o] T o) mME KMS 175130k o] K
ol AT BNKE(180mx 1200w X 120m) =
ki SIe s AR g3 Al A4y
¥ R 717 BEER el

Kol AT Kh2FEE Table 46§ Bol:
vho} 2L REMRS €< A 10 BESET R
MRS golxl 4L H IMEF MM K
KBRERS KRN Fig. 9% A oo 2FH
9} BE®Alole ML 1molsich XKPbFHET
sine random generator(Bruel & Kjaer, 1027)
9 HhE BFB v BEAIR, THE
BER ANTY 2 BES RESd WX
.

Kp2E®e] HNHREL band pass filter
(Bruel & Kjaer, 1617)% HMg¥< filtering
Al A measuring amplifier (Bruel & Kjaer, 1

602) 2 RISt A2 Eie] =P 2l

[ pfieniaataihatdabndiat e a3
: \
Sine : : Band
Amperemeter ' {Trans{ |Hydrot+ —Measuring
Random E t |Pass B
Voltmat ! |mitter| [phonel—+ —| Amplifier
— Voltmeter — P
Generaor : : Filter
‘Water Tank

Fig.9. Block diagram of the experimental set up.



14 Cheju National Universily Jourmal Vol. 28, Natural Sciences (1989)
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Fig. 14. Circuit diagram of the multiplier(a),
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Fig. 15. The output voltage of hydrophones vs.  the sound frequency in water.

Table 5. The frequencies of transmitting sound waves and their powers

Frequency Power Frequency Power

0. 6KHz IX10°W S50KHz 10. 5X 107w
1KHz 9X10"°W 70KHz 11.2X107*W
5KHz 8.2X10°*W 90KHz 11.7X10°*W
10KHz 9.5X10°*W 110KHz 12.5X10°*W
15KHz 9. 7X10"°W 130KHz 13.2X107°W
20KHz 9.8X107°W 150KHz 14.0X10°W
30KHz 10. 0X10°*W 160KHz 15.0X10"*W
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Fig. 16(a). The output voltage of hydrophone of hydrophones vs.
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the sound frequency in air.
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Fig.16(b). The output voltage of hydrophone vs. the sound frequency in air.

PR

0.6



AKp2EHie EMAFl Y R A2¥ 19

& Kb S8 Fmez ¥& A4+ Figl
T(a) st F=, S8 Hmez sgl§ A€ Fig
17(b) st ek ¥ A9 KhuHE FRsel 2F
A7+ o9 &2 Fig. 1834 kel Fig. 18(a)
T MY KhRERRS] 0CHEE KPFR

o3 malA W& oA Kkelz, Fig.18(b)+
ol A% KPHM S8 Hmez mHA HE
#H¥oltt. MEMKME 0.5KHzol 4 SKHzA A
ME s

o)
O

° /L ®
) o)
3 o \o /
E ool o/ \o o
3 ?,°~o/
e 30 /x X X

W /

;E . / X \x/x/x | \x

©

& A I 1 " 1 M 1

Q5 | 2 3 4 5

55

FREQUENCY (KHz)
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Fig. 18(a). Analyzed spectra by two sound sources when the array was set in the
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Fig. 18(b}. Analyzed spectra by two sound sources when the array was set in the
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direction of the sound source S,.
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Fig. 19. Minimun difference of the relative power level between the direction of

array zero degree and the other directions.
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