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Fig.1. Chirp pulse(top) and compressed pulse(bottom).

The compressed pulse is a function sinc(act t).
= texp[j(wot + a.t?)] sinc(actt) (2)
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Fig. 2. Principle of synthesizing aperture.
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Fig. 3. Adaptive beam-focus.
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BB ARETH D, L LEET 256, ZEFROKR
R &N EBNT D72, BEEROBGRICT — 25
AR OIMLERD D, ERRERICTF ¥ —TEEH
WD, ZAFBIVIL sine WIE SV AICEB SN D120,
ZORENEO ' — 7 EOBFFIZT — 7 BAFHE, 372
PHAD A N=ZOEEI vy 7 & LY EEICT 5%
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ky :‘ key=kythe,
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.
2k,
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L=+,

I
i\ VRN

BAVEAVARRERVIOLY.

Fig. 4. Approximation on a sinc waveform. ks is equal to

~

ks+ks in (a). The horizontal distance ki between
the each peaks of the small triangles is equal to
half of the big triangle's base. When we
approximate a sinc pulse to an isosceles triangle,
the amplitude of the pulse peak 1> in (b) which is
shown as a filled circle in (b), is approximated to

the sum of amplitude of the open circles in (c).

Mother ship

- >

Tow-fish(Kyouryuu)

Shock absorber

‘Weight

Fig. 5. A sketch of Kyouryuu system in tow. Upper right:
The neutral buoyancy tow-fish loading the SAS.
Lower left: The depressor with a weight and shock
absorber for cancelling the heave of the mother

ship.
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THEHAFITHY, BHEDEMETT5 V28800
KT REPETH D,

HEHDITZ OREOREIO T DI, PR LA~
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LRI BA ST RRE TRt L, EOZET—4
ERHICEE L, R ECHEEE B AR L2 LB
VP —ICREEEORREEDLFNTE D, UMKRO®R
T 7L yd (BbY) ZROT5ZET, 8o
BRI L D RMBROBENEE 2RI L, B0 LEHE
AUV O LY IZRESELFNTE D (Fig. 5), W
JEATENREIIIC I\ TIE AUV (25 528, ki 7 st
RITBHZRIZB N T AUV IS 80855, 2 DOFEE
DT DIZBAFE LIz R ML RIC SAS ZH# L=
AT L, BEHELIIEE (XX 90w )] EAMITT,
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Table 1 XN L7727 X 7T 4 T E—L 7 3 —Hh A#)
A E AR Lo, 5 5 DRZE L= SAS 3 27 ADf:
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BTG, Fig. 6 12 Y F—n7 vy 7 TH 5, VI —I Ich
DLW E 8ch OZ WA FD, EMEHHEE IMU)
PO OIIREHR EGOETREFTRE Y T —ICRisk L,
ORHINCER T S, RICERE ST — 213, — b
Ny a Bepay ha—7 TREL, 27 HICEEmg
ft+%, Zoar ha—72iF GPS BEHErRET, #
eI O AR ONLE & g2 L 0 EfEICIEIE T 5
FENTED, ariiue—F LW IO T4
VAR LB E T, AR AR E Y TV Z A A
WZFEM L, SR O#%OEERBZELHERT HFNT
&5 (Fig. 7). ZhHI1E3 T 100VAC TEMET 2 Foe
B, —RRM R ARED B S HIUZE A TREChH D, 2
® SAS TIEEZWE A & el U TRz S Wil 2 2
AL TS, IR A i b LB & 2 10
572 CThsd. WURKEIOZEGBEANDH A RAF
Y= L LT, B & REREDS R 40% FREE(X T
L, FrEEEETHEMT 528, L LA ez
L DHARELL L ovkgen LT e g FoIc O Ea T hE
Thd,

3.3 % N RAUA
Table 2 |35k U7z P H RAAOHERTH 5, B

Table 1. Sonar specification.

Frequency 72-80 kHz FM chirp pulse
Operating Ragne Max. 1000 m
. 6 Deg. in horizon
B Width . .
cam 1 70 Deg. in vertical
. 9 cm in both along and across
Resolution
track
Depression Angle 20 — 40 Deg
Pulse Width 10 ms
total 1. 5m in length with 8 Ch.
Hydrophone array
elements
. 0.4m in length with 1 Ch.
Projector
element
Depth rating 4000m
Tow-fish
Receiver array(3ch) I Projector(ich) |
: ‘ T
Onboard system N o |
" E2 EE s

Sonar control FC || Online synthesizing processor
E],mbedded FC

| Rs232C
HUB (LAN)
Power(AC100V)

Fig. 6. Block diagram of Kyouryuu system.

ey - A ” ac]

Fig. 7. Onboard electronics. Left: Sonar control PC shows
sonar status and sonar image before synthesizing,

and an operator can control embedded PC of the

sonar on real time. GPS receiver fixes the position

of sonar on the Earth and necessary for mapping.

Right: Online synthesizing processor for

generating synthesized sonar image on real-time.

Table 2. Towfish specification.

2.3 m in length
Size 1.3 m in width
1.5m in height
100 kg in air

0 kg in water

Depth Rating 100 m

Weight

BEEMZ DD IMTIEERAORIBERO L O % A
WTEY, B ATHEIEEIE 100m TH B, 7l
T BHRMI—T L8 50m T 0, SR O/INVEIA TR
g 2%a 1% 10m LA OBMIRE 2 1878 Lo akGt & /e
STWh, FALyHiEsav s 77V —R"E2HFLTE
v, B B TE R S KD RAER) OS5 8 A IR
DLREBEZR Ff > TV D,

3.4 TE%E | OEEERER

2010 4 1 WD TRk TOEHIE & Tk R EE
ZEiitc (8, 2010), 2010 4F 8 HIZT AT A&KDO#K
GEERGE A B E LT, §hl R ans o F A oAt
i (Fig. 8) Z&RWTHHEHERZ Fhti L7=, KDFR%

Fig. 8. Track of the tow-fish and surveyed area at Sagami
bay. The sonar images and the sonar attitude at
the painted square area are processed and shown

in this paper.
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Fig. 9. The upper graph shows yaw, roll and pitch of the

tow-fish. The lower shows those power spectrum.

Fig. 10. Comparison of the Sonar images in different
sonar signal processing. The left is generated by
conventional process as a side scanning. The right
is by synthetic aperture process with the adaptive

beam-focusing.

ROICHT D 7 4 VM E £ L TRBY, BHEEX
2kt, MUMF L COWRERE LN 80m Th b, B ITE
2V S —ZEE S OB 2 i L2, Moy o
A E U7 Y A RER A B L 72 B oo RAUIR 0 %88 Fig. 9
Thbd, EBENEHIAD Yaw, Roll, Pitch T, TEIZ
ENENDFE T oD, 777205 & UfED
By FRE6 L EL AR L, 0.12Hz JIrfE TRV ALY
MVE—2Z 3525, EOEBIRIBIZE W TEIA L 7= 58
Mg (Fig. 10) # 1.5 L, 8ch ZMmoOZTNETNOF v
VRN E DT —H WHICINE AR (A R AF v
VRO (ko TERLZEE () 1213%
< OREDTUBA-TEY, W{E1SH{L L CHREHIFE O
THEMBEIE LT\ D, — I Z OIRBED B ITA B
A LB 7 2 EVE TR STV R0 s, Loy LEFEA
EAVER 38 A U 7= A B mALER S O () T, T
BR%E LS < ORI OERIELNE X ICko

TW5, ZOEEOBGETS EIORBREEA M TR &
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Fig. 12. Hydro-thermal map at Wakamiko caldera.
Hydro-thermal vents were detected at the ellipse
areas, and Fig. 13 and 14 are sonar images at the

areas A and B respectively.

Fig. 13. Images taken by the sonar at the mound in the
caldera. The left is generated by conventional
process, and right is by synthesizing aperture
process with the adaptive beam-foucus. we can see
the filament-like reflections in the circle at the

right image.



AR - )UK BRBEN Y T — 2 Wi EBUK R i D < » B 7 2817

Fig. 14. Images taken by the sonar at the bottom in the

caldera. The left is generated by conventional
process, and right is by synthesizing aperture
process with the adaptive beam-focus. Unevenness
of the caldera is visible in the circles at the right

image.
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Ocean bottom survey with synthetic aperture sonar around
hydro-thermal vents

Takao Sawa*, Takafumi Kasaya* and Hiroshi Yakihara**

ABSTRACT

A sonar, a kind of remote-sensing device with sonic wave in water, have been used in fishery for over 60
years. Sonars are essential devices to survey ocean bottom and generate the ocean bottom map. A synthetic
aperture sonar has performance over several times higher than conventional sonar, so we expect the synthetic
aperture sonar to be applied in surveying natural resources at ocean bottom.

We developed a neutral buoyancy tow-fish as a stable platform equipped with synthetic aperture sonar for
ocean resource survey. In the system, the synthetic aperture sonar sends wide sonic pulses and receives its
echoes compensating the sonar motion, by changing the array directivity. The phase errors are minimized by
the compensation. And we propose a calculating method to acquire a peak of amplitude in a sinc function from
two sampled data near the peak. It enables a decimation of the recorded data after the pulse compression,
keeping a resolution of sonar image and compensating a sonar motion. Synthetic aperture process can be done
over 100 times faster with this methods than without it. The tow-fish is neutral buoyancy by using floats, and
has a depressor that prevents mother ship's rock propagating to the tow-fish by the tow-line. An Ether line is
within the ROV cable or the towline of the tow-fish. So the sonic signals are transferred to the mother ship
immediately, and we can look ocean bottom on real time. Besides, the sonar conditions are checked and the
sonar parameters are changed at any time. We named the surveying system Kyouryuu.

The survey of 7 km? ocean bottom was conducted in the Wakamiko Caldera in Kagoshima Bay, October.
In the survey, existence of more hydro-thermal vents than we previously confirmed was revealed.
Filament-like reflections of sonar signals were detected in the east side of the 100-m sea mound. The images
depicted rocks and rugged topography which are considered to be suitable for tubeworm habitation. At the
caldera floor, topographic relief patterns apparently distinguishable from the surrounding muddy sediments
were identified even in areas absent of the filament-like reflections. This indicates a possible change of

hydrothermally active sites over the course of time.

Keywords: Hydro-thermal vents, seabed mapping, sonar, synthetic aperture, Wakamiko caldera

Manuscript received September 13, 2011; Accepted November 4, ** Nansei-Toko Observatory for Earthquakes and Volcanoes,
2011. Faculty of Science, Kagoshima University
*  Japan Agency for the Marine-Earth Science and Technology 10861, Yoshino, Kagoshima, Kagoshima 892-0871, Japan

2-15, Natsuhima, Yokosuka, Kanagawa 237-0061, Japan
© 2011 SEGJ




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


