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Adaptive Beamforming Applied to Bearing Estimation of
DIFAR Signal with Highly Directional Noise
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Conventional beamforming is ineffective in producing directional information in system with sparse degree of the
freedom such as DIFAR (DIrectional Frequency Analysis and Recording) sonobuoy and in the presence of high directional
noise, In this paper, Adaptive beamforming techniques are applied to produce directional spectra from a small number

of sensors in highly directional noise environment, Conventional method as well as minimum variance and eigenvectors

as adaptive method are evaluated via numerical test and real data,
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Fig. 3. According to SNR, the results of bearing estimation for a single source.
(a) SNR: 10 dB, (b) SNR: 0 dB, and (c) SNR: -10 dB, respectively



478  B=SESEX| H30A HB8Z (2011)

Norm. Power

—
100

150 200 250 350
Look Direction (Degree)
(a)

Norm. Power

0 50

100

150 200 250 300 350
Look Direction (Degree)

&

Norm. Power

0 50

O3 4. = S0l et wel 2A 2at

(@) 24 180%= (b) ZH4 135% (c) Z2HH 90=
Fig. 4. The results of bearing estimation for two sources. Source separating space is (a) 180 degree, (b) 135 degree and

(c) 90 degree, respectively.

1300 1400

2 5. 2o
Fig. 5. LOFAR gram.

IV. ¥ MY Holy &Y

100

1500

150 200 250 350
Look Direction (Degree)
(c)

300

Frequency (Hz)
1801

1600 1700 1900 2100

Freauencv (Hz)

1800 2000

1951 Hz L3 o)A & A
ol AA AE7} dEHA] GFo= Qg W

H9IFAS 95 A Akito] Alal 17y Hw ATehe MashA gyt
2, 892 oAoR 4 HH DIFAR k505 714
o2 7124 o] Fsh Aot 17 5& OMNI Hd 41 ¥ 49 24
of that Zut1% (LOFAR gram)S ZAIG Ao B I8 62 YoJof AN BEH B Fukpof ’SHE*
a2 390, 780, 1050, 1182, 1160, 1713, 1801 2 3= CSDM= 74 & 2 WA 719l ot <



=2 Y A3EH0M DIFAR =AM M50l M3 B0l ofst WoIFy 479

Algt Aolt}, 7+ B Fugro] whef Afol= Q1o Tk =AY WY e vebds S0 4 Qi
Aol 49 Bl 10050 Y= AR FHHY

27 B3l 2mo)A] 2413 9 75349} %/\}3}71] i 4.2, BFI (Bearing Frequency Indicator)
FHE AP 71H EY), HaEA A 71 (M. By
Ak A 7| (CB) £ 2.2 9-43}t}, DIFAR 4= /\l/ﬂl Hhol =2 o] AulE H7y}sle WOl BFI (Bearing
A Az o) dRk gy 7MY Aite o] Al A9 Frequency Indicator) 5-42 AA A7k A Fapsof w}
4149 (Cardioid) W E S 24| ==t, A dlo]E oA 2 WY 25 Vet tebA BRI Aok oY

J% 6. & Al ClolE{e] & oiE 2M
Fig. 6. Beampattern analysis of real data.

R L e 1
S B S ] SR R |
ﬁﬁ SRS Bt 1 A

Bearing Angle (Degree)
g

-20

-30

Bearing Angle (Degree)

-40

Frequencv (Hz)
C

Tz 7. A Al H|0|E{e] BFI &AM
(a) LHH Y J|H (b) I oA Y 7| (o) 1RHE WEHY 7Y
Fig. 7. BFI analysis of real data.
(a) Conventional method (b) Minimum variance method (c) Eigen vector method



480 c=2eetER| H30A HI8= (2011)

of A|7eh oA DIFAR 441414 9) 83 4155 o] 5}
of, By a4 thele] 2 e oA CSDME T4
FUEH 89S AMoRN 92 4 ot 1Y 72
SEEREEREERA E R EE TR
o A3e EAF Aol

4.3. BTI (Bearing Time Indicator) 24

BTI (Bearing Time Indicator)« A]7tof whE ®F9]+
o] BES e Aolek, WA 9 Aziat 2%
1014 2] BT 2H& BFIOIA 95 W9l 48] Fjeof
e U3 E8s vsiA Folxin. Fg. 82 7 WA
7] et BII 249 A0S EA Aolth A7 100
500 % 600 sec 2ol 4] A o] o7t 2 A
2 24320]9} Hlole] QSA28 Ao]] FATHo] o
AR EﬂOlEV} Q"”] EH%O]E} Al A3} R
] &

ol

=

o u
S o
1 1

Bearing Angle (Degree)

350

g 89] BTI A7H50] T 2o o
249 A7dg 18T o, o5
A A Ao B0l S B 22 Aol

AFZA 7IYe] $8 AL 9

=
rio
1o
o
4o
T
ol
2,

A

24 glo
{r

|o

X o
Ir

2
oo T

D

o

i

i Xorle
it}
rlo
AL o
rlo

ox
=
o)
> i
o [{d
=2,
o
O

=

oz Hir i
ofh rlo o

tlo B~
olo 1:110
op it
o,
1o
-4
MR
oX,
~N

HE
i ox Mz mE ox o

olr

:?g
oE o
M
1%
e
(
il
Yy
oo ox
o

N

=2 o
o,
T

o o

e
N
=
ol
S
2

_\-1;_!‘

)t

o
N

Y
Hr oo
L

o, Lo
dlo

O e
o 2 T
Fu
i
N
ofr
o,

=
R
k)

oo
it

s
N

1 ore
x2
S

0

N
—

il b caila

T T T T
100 200 300 400

T
500

600

900

T T
700 800

1000

Time(sec)

(a)

T T
200 400

0 1 1 1 1

T
500

600

T T
900 1000

T
800

T
700

Time(sec)

(b)

.'s Wv“f

MMM“WJV I“M

n
d

WWMWWMMWJ

T T T
200 300 400

12 8. A AIF flo|Ee| BTI &4
(a) 2ttt A T8 (b) 2 |
Fig. 8. BTI analysis of real data.

o

WHY IIH (c) 2

500
Time(sec)

(c)

SHIE|

T T T T
600 700 800 900 1000

HEE

(a) Conventional method, (b) Minimum variance method, and (c) Eigen vector method



i

33

bl

MO

. C. R, Greene, Jr,, M, W, McLennan, R, G. Norman, T, L,
McDonald, R, S, Jakubczak and W, J, Richardson, “Directional
frequency and recording (DIFAR) sensors in seafloor recorders
to locate calling bowhead whales during their fall migration,”
J. Acoust, Soc., Am,, vol, 116, no. 2, pp. 799-813, 2004,

2. D. H. Chang, H. B, Park, Y. N, Na, and J. H. Ryu, “Bearing
Estimation of Narrow Band Acoustic Signals Using Cardioid
Beamforming Algorithm in Shallow Water,” J, Acoust. Soc.
Kor,, vol, 21(2E), pp. 71-78, 2002,

3. A. B, Baggeroer, W. A, Kuperman, and P. N, Michalevesky,
“An Overview of Matched Field Methods in Ocean Acoustics,”
IEEE J, Ocean, Eng., vol, 18, pp. 401-424, 1993,

4. J. Capon, “High resolution frequency wavenumber spectrum
analysis,” Proc, of the IEEE, vol, 57, pp. 1408-1418, 1969,

. G. Bienvenu and L. Kopp, ‘Optimality of high resolution
array processing using the eigensystem approach,” /EEE
Trans Acoust Speech Sig, Proc., vol, 31, pp. 1235-1247, 1983,

. H. Cox, R, M, Zeskind, and M, M, Owen, “Robust Adaptive
Beamforming,” /EEE Trans, of Acoust, Speech Signal Processing,
vol, 35, pp. 1365-1376, 1987,

. J. Oltman—Shay and R, T, Guza, ‘A Data—Adaptive Ocean
Wave Directional Spectrum Estimator for Pitch and Roll Type

ASERE0A DIFAR AMIM AlS2| X

0lo

HI%iA{()." _9[

[=R=X=)

™

ey 481

Measurements,” J. Phys. Oceanogr., vol. 14, pp. 18001810,
1984,

8. R. F. Marsden and B.—A, Juszko, “An Eigenvector Method
for the Calculation of Directional Spectra from Heave, Pitch
and Roll Data,” J. Phys. Oceanogr., vol. 17, pp. 2157-2167,
1987,

A} o

Xl 7] A (Keecheol Shin)
199614 28 ot

FHYThm HYBoY (ZaA)
199841 22: BTAY ST AYZ 3T (ZSAA)
: St

[ stut
20034 8&: St=sYrstm UL S st (F
20033 ~ 2004: St2pStR{Tt MEAT Y, BB21
ghAtE IHY





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


