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ABSTRACT

The ship radiated noise level fluctuates by the interference between direct and reflected paths. The
effect of sea surface reflection path on interference depends strongly on sea surface roughness. This
paper describes error characteristics of ship acoustic signature estimation by sea surface scattering
effect. The coherent reflection coefficient which explains a magnitude of sea surface scattering and

its resultant interference acoustic field is analyzed quantitatively as a function of a grazing angle, ef-

fective surface height, frequency, source-receiver range and depths of source and receiver. Theoretical

interference acoustic field is compared with experimental result for two different sea surfaces and

five different frequencies by changing source-receiver range. It is found that both matches well each
other and a magnitude of interference acoustic field is decreasing by increasing a grazing angle, ef-
fective surface height, frequency, and depths of source and receiver and decreasing source-receiver

range. For given experimental conditions, the transmission anomaly which is a bias error of ship

acoustic signature estimation, is about a range of 1~3 dB. The bias error of an existing ship radiated

noise measurement system is also analyzed considering wind speed, source depth and frequency.
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Fig. 3 Sea trial configuration using continuous sinus-
oidal signals

Table 2 |R

coh

transmitter-receiver(Tx-Rx) range and Rx depth.

o 332 Fax7F 0.3 me 0.6 me! 3fi
e, 5047 A = 2R

Table 1 Environmental conditions of sea trial

2012. 2012.
08. 18 08. 21 | Remarks
Depth(m) 900 900
Bottom Sandy mud | Sandy mud
Critical angle
of bottom(°) ~15 ~15
Wind
Wind 4 8 meter
speed(m/s) height:
15m
RMS wave
height(m) 0.3 0.6
Tx-Rx
horizontal 30-266 12-403 GPS
used
range(m)
Tx. depth(m) 10/17 14
5, 15, 25, 5, 15, 25,
Rx. depth(m) 35, 45 35, 45
Source 1.5, 2, 5, 1.5, 2, 5,
frequency(kHz) 10, 15 10, 15

| variations with respect to sea surface grazing angle and frequency at each source depth,

Tx Tl‘)l(l-tf{a)l( Grazing angle range of each Rx. |Rwh| range of each frequency
o dfrﬁt)h rg%eg RX'(rfSpth Grarfli;‘gge?)‘gle 15kHz | 2kHz | 5kHz | 10kHz | 15kHz
5 37-5 .32-97 .13-95 .00-.74 .00-.30 .00-.06
15 47-7 .20-.95 .06-.91 .00-.56 .00-.09 .00-.00
1;1;“ 08.18 | 17 30-266 25 55-9 .15-91 .03-.86 .00-.40 .00-.02 .00-.00
35 60-11 .13-.88 .02-.80 .00-.24 .00-.00 .00-.00
45 65-13 .11-.84 .02-.73 .00-.14 .00-.00 .00-.00
5 16-5 77-97 .63-.95 .05-.74 .00-.03 .00-.00
15 26-8 .53-93 .32-.89 .00-.47 .00-.05 .00-.00
R#; 08.18 | 10 52-187 25 34-11 .37-.88 .17-.80 .00-.24 .00-.00 .00-.00
35 41-14 27-.82 .10-.70 .00-.10 .00-.00 .00-.00
45 47-16 21-77 .06-.63 .00-.05 .00-.00 .00-.00
5 42-3 .25-99 .09-.98 .00-.90 .00-.64 .00-.38
15 54-4 .16-.98 .04-97 .00-.82 .00-.46 .00-.17
R#; 08.21 | 14 403-21 25 62-6 .12-.96 .02-.93 .00-.65 .00-.18 .00-.02
35 67-7 11-.94 .02-91 .00-.56 .00-.10 .00-.00
45 70-8 .10-.93 .02-.89 .00-.47 .00-.05 .00-.00
5 58-3 .14-99 .03-.98 .00-.89 .00-.64 .00-.37
15 68-4 .10-.98 .01-97 .00-.83 .00-.46 .00-.18
liin 08.21 | 14 12-401 25 73-6 .09-.96 .01-.93 .00-.65 .00-.18 .00-.02
35 76-7 .09-.94 .01-91 .00-.56 .00-.10 .00-.00
45 78-8 .09-.93 .01-.88 .00-.47 .00-.05 .00-.00
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Table3 |R,,
source-receiver range and receiver depth: wind speed = 5 m/s

| variations with respect to sea surface grazing angle and frequency at each source depth,

Source-rec| Grazing angle range of each |R,,| range of each frequency: wind speed=5 m/s, h=.36 m
Source _el_v_er receiver
Source | depth méﬁ:i Recei depth | Grazi )
= eceiver dep razing angle
(m) | e (m) range() 1.5 kHz 2 kHz 5 kHz 10 kHz 15 kHz
(m)
30 8-7 .82-.85 .70-.76 11-.18 0 0
50 13-11 .59-.68 40-.51 .00-.02 0 0
Sl;{lfizce 2 | 225-260 70 18-15 37-50 17-29 0 0 0
100 24-21 .18-.27 .05-.09 0 0 0
110 26-23 14-21 .03-.06 0 0
30 43-39 .00-.20 0 0 0 0
50 53-50 0 0 0 0 0
Submer
ged 15 48~55 70 61-57 0 0 0 0 0
vehicle
100 67-64 0 0 0 0 0
110 69-66 0 0 0 0 0
Table4 |R,,| variations with respect to sea surface grazing angle and frequency at each source depth,
source-receiver range and receiver depth: wind speed = 2.5 m/s
Source-rec| Grazing angle range of each — - _
e civer receiver |R,,| range of each frequency: wind speed=2.5 m/s, h=.18 m
Source | depth Tﬁiﬁ ) )
M) | nee | RECCIVEr depth | Grazing angle |y sy, | 5y, 5kHz | 10kHz | 15kHz
8 (m) range(")
(m)
30 8-7 .95-.96 91-.93 .57-.66 11-.18 .01-.02
50 13-11 .87-91 .79-.85 .24-36 .00-.02 0
Surface
ship 2 295260 70 18-15 .78-.84 .64-.74 .07-.15 0 0
100 24-21 .65-72 47-.56 .01-.03 0 0
110 26-23 .61-.67 41-.50 .00-.01 0 0
30 43-39 .30-.36 12-17 0 0 0
50 53-50 .19-22 .06-.06 0 0 0
Submer
ged 15 48-55 70 61-57 .14-.16 .03-.04 0 0 0
vehicle
100 67-64 A1-.12 .02-.02 0 0 0
110 69-66 .10-.12 .02-.02 0 0 0
547 02k 4ol FFsdh, £ o 225msh o 48mE /1EoE Stk A
wbLst ek FAg,
3.2 7|&E YMLE 5F MLHS 2% Table 37} 4% F% Sm/set 2.5 m/s %H*“*EHOHH

SA e 2 AN ANE 1R FPEA R Mol B |k, Aol B4 Sms,
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s A g9 211013 2m§ 7PgataL wA} 7%7}
°F 5m/so 2.5 mis® TGS SFA7] A E 0.6 o3 mf o FA7]¢] npojo]~ 9 AHE 3 dB,

4 1

X

570 | Transactions of the KSNVE, 23(6) : 563~573, 2013



Kyu-Chil Park et al; Error Characteristics of Ship Radiated Noise Estimation by Sea Surface Scattering Effect

Table 5 Bias errors of radiated noise estimation

Source Bias error
1.5 kHz: ~2 dB

Wind

speed: 2..0kHz: ~1dB

5m/s L .

Above 5.0 kHz: 0| Omnidirectional
point source:
Surf_ace 1.5 kHz: ~3 dB 2 m depth
ship

Source-receiver

Wind 2.0kHz: ~2dB range: 225~260m

speed:
2.5m/s 5.0kHz: ~1 dB
Above 10 kHz: 0 dB

Wind Omnidirectional

Und speed: | Above 1.5kHz: 0dB| point source:
naer-| - 5 mys 15m depth

water -
vehicle Wind

speed: |Above 1.5kHz: 0dB| Source-receiver
2.5 m/s range: 48~55m
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