TEfE+ BArERC

slo] 22 E olgolg o] 43
W U B B

A Study on Ship’s Whistle Sound Tracking
System Using Microphone Array

fRE UK H & f&

20024 2H
LR R RSN -8 P NE- -8
i & iR B2 B

X 23 %



Hol
=
B

% R H

Rl &R fE A

Rl KR £ B H

g% H &K f#H H

20024 2 A

BT RPR KPR

e 25 i R R R

X B K

A fE S



v

Abstract

< VI

Nomenclature

1.1 g_ﬂ_erBH 781

1.2 (?_:]_TTL%.Z;]'

0

uld
A

10

10

2.1 &kl A

19

24

_Z:l

24

AL TN QL e

=
=

3.1 %9 =2 ALY

- 26

o

A

32

39

39

321 =EAIZE



3221 ATAFTE EATH e 41

3222 L&A T AFTF ELATH s A4

3.2.2.3 B coeereeteien e 45

3.3 A A EE O X 22 © K] weeereereesrerseesseiens sttt 48
331 EE A ZFIFL] A2 QR reereeeerresseeensseiseieississississssi s 48

R TR ) = A (=) e R RRS 50

A 4 AR Q] FA v, 61
A1 A B AR Q] TEAI TP Q. weererereereesrenees e 61
42 AR A Gl AT T e s 62
421 N T HEAIEL (it 62

A.2.2 22 A EL it 67

423 PTG 0] Al T H] ] EL o 75

424 22T E 0] AT 2] ] EL e 79
4241 T)A LT E] O] T Q wreereermerresrememsemsneiseieisensssisesisneees 30

A.2.4.2 FIRTZE] Q] AL A| wreeeeereesseseesssesssssssssisssssssssssssssissssseees ]9

4243 TIRZE] Q] AL A| werereereesseeeessessesssisssssisisssissssssssssesseees 36

A.25 AAAFIE AL EL ottt 93

A 54 AALH @ Z T oo 95

_ii_



511 23] 22 AT HFEH 95

512 292 AY#H OB AT HFH s 97

52 AB AT T E A s 102
521 23] 2 AT A T e 102

522 269 AU olE] AT AT i 105
5221 HJ_CH%;@ ..................................................................... 105

5.2.2.2 B ZA orreerrerere 116

5223 TAFA HFQ A A e 122

5224 TEAFA AT A A e 136

;q] 6?§- ZA B s 147
%J——’-‘E‘iﬂ .................................................................................................... 151
J_?!.% P 155
J_?!.% et 157
% :I'L}é] Zjl .................................................................................................... 160

- il -



A Study on Ship’s Whistle Sound Tracking
System Using Microphone Array

Serng-Bae Moon

Department of Maritime Transportation Science,

Graduate School of Korea Maritime University

Abstract

Coastal traffic density has increased recently due to an expansion of the
international sea trade, a growing of the world economy and an
enlargement of the demand to the fishery resource. The steady increase
of marine traffic has often resulted in the cause of marine accidents with
the exorbitant economic loss and the environmental pollution at the sea.
In the last 10 years, the ship’s collision has recorded about 21.8% of the
total marine accidents. More over the most of these collisions have
caused by navigator’'s negligence of watch keeping during works. In
particular, about 25% of the collisions have happened in navigation under
the restricted visibility condition like a foggy weather. In the foggy
condition, navigator must hear the whistle, bell and/or the siren of

lighthouses or ships. The whistle blast is a very important information for
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safety sailing. Even though the navigator can get the brief informations
like the direction and range of a sound source, it is not enough to make
a suitable decision for its relative position. More over the duty officer
cannot hear outside sound signal on the vessel which bridge is totally
enclosed, this causes a significant problem. Therefore IMO(International
Maritime Organization) has adopted the 'Sound Reception System’ as new
navigation equipment which can receive the whistle sound signal and
indicate the approximate direction of incoming signal.

In this study, it is designed to develop a sound source tracking system
that is able to measure the range and relative bearing of sound source by
utilizing the whistle blast when other vessels are not identified on the
radar screen under the foggy weather.

Three microphones receive the whistle sound in the proposed system.
When one microphone is installed as a reference, the others have received
the sound signal with the arriving time delay due to the distance
difference between microphones. It is able to measure the relative position
with range and bearing by considering these amount of time delays
between microphones and the trigonometric relation of microphones array
and source.

This paper focuses on the principal of measuring the time delays and
three calculation methods for finding them between three received digital
data sequences. These are the cross-correlation analysis, fast cross-—
correlation analysis and subtracting method. Two algorithms which
approximates the sound source’s bearing and distance were also su-

—ggested, one could be approximated the gradient of hyperbolic asymptote



as a sound source’s relative bearing, the other could be approximated
under the condition of a long range source relative to the microphones
interval as a source’s range.

In the system three digital filters were designed to develop the optimal
system which could find the time delays between each microphones with
high accuracy and applied to the digital signal processing part. These are
the non-recursive low pass filter using kaiser window method, recursive
inverse chebyshev low pass filter and recursive inverse chebyshev high
pass filter.

Several experiments were carried out to verify the effectiveness of the
sound tracking system. Two sound sources were selected, one was the
metal pipe and the other was the audio generator. And sound source was
arranged within the -90° ~+90° circle and 2,242cm range randomly.

As a result, we have found that the accuracy of measurements were
differentiated by the methods what kind of digital filter were adopted.
And we have confirmed the facts that the digital signal processing
method using IIR HPF together with FIR LPF was suitable for the
positioning of source, where the approximation methods could measure the
bearing and distance with higher accuracy than the method using
trigonometric relation could do.

We have recognized that sound source tracking system is possible to
the sea field with improvement of position error. When source relative
bearing was within -50° ~+50°, the measured bearing was accurate. This
system shall be a very helpful to make a safety navigation and reduce

the marine accidents.
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H(z)

h(k)
h(n)

Nomenclature

Absolute temperature [K]
Angle between sound source and baseline at each sensor[deg.]
Celsius temperature [T]
Function of cross correlation

Chebyshev polynomial

Sound speed [m/s]
Earshot [m]
Average number of excited degrees of freedom per molecule
Expectation or Ensemble average

Discrete fourier transform

Inverse discrete fourier transform

Sampling frequency [Hz]

Stopband edge frequency

Gas constant [J/(kg - K)]
Universal gas constant (8,314 J/(kg - K)]
Height from water level [m]

Transfer function of digital filter

Fraction of air molecules that are H>O molecules
Impulse response coefficient

Ideal impulse response of LPF

Sound intensity [W/m’]
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I(B

Np

Pa
Ps

Do

SPL

Reference sound intensity

Zero—order modified Bessel function of the first kind

Sound intensity level

Sound intensity level at the distance of r.
Time compression

Interval between M; and M;

Microphone sensor

Average molecular weight
Newton, Unit of force
Noise pressure level
Ambient pressure

Pascal, Unit of pressure

Point sound source

Sound pressure

Reference sound pressure

Distance from sound source to each sensor
Ratio of specific heats

Distance from point source

Coefficient of cross correlation

Ratio of specific heats of wet air

Signal sound pressure level

Sound pressure level

- viil -

[W/m?]

[dB]
[dB]

[m]

[kg - m/s]
[dB]

[Pal
[N/m”’]

[N/m’]
[N/m?]

[m]

[m]

[dB]
[dB]



Coefficient of subtraction

Observation time [sec]
Target(sound source)

Relative velocity between sound source and sensor array  [m/s]
Watt, Unit of power [J/s=N-m/s]
Window function

Delay of sample in z-transform

Relative difference of sound intensity level [dB]
Difference between R, and R, [m]
Time delay [sec]
Passband ripple

Density of medium [kg/m”’]
Propagation time from sound source to each sensor [sec]
Time delay between two sensors [sec]

Normalized stopband edge frequency
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(a) Electro-mechanical Bell (b) Electro-mechanical Gong

(c) Air Whistle (d) Piston Horn

Fig.2.3 Ship’s Sound Signal Appliances
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Table2.1 Technical Details

of Whistle by Regulation

Length of Limits of 1/3rd-octave band level | Audibility
vessel in fundamental |at 1 meter in dB referred |range in
meters frequency in Hz | to 2x10 °N/m” nautical miles

200 or more 70 ~ 200 143 2

75 but less

than 200 130 350 138 1.5

20 but less

than 75 250 700 130 1

less than 20 250 ~ 700 120 0.5
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Fig.2.4 Whistle’s Range of Audibility According to Noise
Pressure Level
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Fig.2.5 Bell and Gong’s Range of Audibility According
to Noise Pressure Level
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3.2.2.1 A54# A H(Cross—correlation analysis method)
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Fig.4.3 Filtered Sound Signal of Fig.4.2
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Fig.4.4 Bell Sound Signal
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Fig.4.5 Audio Generator Sound Signal



Fig.4.6 Sound Signal Transmitting Part
Using Audio Generator
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Fig.4.8 Real View of Microphone Sensor
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Fig.4.9 Sound Signal Receiving Part

and Microphones Array

_76_



+15.0[v] DC power supply part

voltage dropping part for Mic.(+4.5[v])

Fig.4.10 Signal Processing Circuit
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Fig.5.2 Filtered Signal by Analog HPF
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Fig.5.5 Filtered Signal by IIR HPF and FIR LPF
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1

RESOLUTION MSC.86(70)

adopted on 8 December 1998

ADOPTION OF NEW AND AMENDED PERFORMANCE
STANDARDS FOR NAVIGATIONAL EQUIPMENT

(SOLAS V)

ANNEX 1

Recommendation on performance standards
for Sound Reception Systems(S 34 A3x])
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