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YR BE K BERBERTE

P, HOOEOEROGERARETH LD TERTCOBROKREZFTENEL LT
W3, Ok, BERECITFROFIANPLER-TWE, EELXFIRATIHERE
ik, REL AT T, BEMERE. BEEERE. METOREDC=20bH5, Zhb
IXEFHENORZL L HICEEOR ERIINONTERTWS, Z 2Tk, MEFREICH S
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2. ARBAOFELEA LT v— AFEHIR

BE B K WMERET KEBH BEREE LEWEE

TEEAWRE 12kHz O —E—A 2000 </ F ' — AFTEBRIEBOEE L —LDOIERME
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2o MRIEWITBENS 50 0miHAHT v HH, HELERKESLHINERZ LW
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VMIBULEKE - v TSP EBRRICERBLTWE I TR NEKRTH D, v H v
HROBFREFETIE. Z2OPHFRENS 7V —TFNT 5T TV IATF, FLyPy
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BHETIERENPLRREOENRY ITWBTEX IR, Y787 4 —a7 7 —THHEABE
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B, BERKLERRSS 72 MEKORE TIIEDONRESF RNONHEIEETLZENE
BETHHI b, HFEMIT. BM6 0FELVBETRED O OKE (REHAA—
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ML, FROEE LY EERICBWTT XA MRV ELRAESITHOOEALTEE, K
BE T FOKBRIRIZI 1T 2 BIRHEIAZE & F BUS OB >V THHAT 2,

MEw 2

5. MEME. HBRE - FMHEFOFR
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aZ MEPHBRBEORE, AERMORILEI T A Y v FOBZWIEROMEEMB A
BT, LBRAX B TORMBN ARR Y ROICHERCEAER O L RAERR
FRLELERBRENOBAICE > T, BEORRICHLESEESEOBRVAEEL LTHE
VENTEZ, ZOEMIBROEBNLTEBDETIRBRTORR 0V s MIBIA
CEAEN., BIETIBELTERAERE LTHAMEETHLDH D, SO HE~HTA—
F DIKIRMEHU R SF - 2 AT ABRRLERER L I MERRERO=— XL,
T & % (Geotechnical) & #1E i #& (Geophysica) DM A L 2 EREOREELLEL L,
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Wb, KEXTIIIOMEREFEOME L BRAFORELXTT O,
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PEDORHEEOEFIOIETIHERDD, T 7RI AL BB OTEL BHEL TS, HI
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Beamforming Interferometry

Array  Delay
R \ - T ' Two transducers
—
] |
L |
_— |
) frfezE
8 FrpbHEEOTASREX
X3 T OB FROAIE
e Ym.omd'm Angle as & function of raveltime
0P J
o.14f
eo} 4
.12t 1 ot
< o1 4§ =
% 1
#oost 1 ? 2l
0.08 -40t
-0t
0.4} R
................................... —sof
b ) -00 ~40 -20 0 20 © ) ] "o 0.04 0.08 .08 o iz o4 o018 .18
angis (degrees) vavelime (s)
. of angle, catiors. n Angle as & hunchion of travelime, measurement Dcations
208 9 08
208 208
204 204
z 20§ 24 Rt o i
§ | By
198 iV}
19.6] 19.8|
R R N ¢ ) © - % - 0 vt s ™ % 'y
B4 v FE— LI LDREROHRERE2] X5 YA RAF v A RIRO 53 ERE 2]

3D kH72beamformingll S o TIREBXID, AL K150°L725, AIEROBEILF RO L2225,
PEoT, =N FE—LIRT ADOE THLBENSEMIZICC TEADIDIZRIERD S EEREITIE T 9%, YRR
Xy itk HEELE R ORISR F B 3D LS interferometrytZ L AN FEZER B LR D LD, MARELE
B 2T LOE FTEVEFHLDOBBRE WD H M A5 EERT OO TRISOLIIZ2BFRIZARY | B TICiIv  wid
BIETER, AIROBETLEF ZEDMERTRD, LEL2L, B OEEGMAE —OHSILBES
BEEELRETER, (6o T, BAHDLLIRBE ORIEL B H LB T HLH6DIINIRY FARAF YT



imererometry
v T T

beamforming, iransducer angis: 45 degrees H
T T T Y ~— :
i
-2F e 4
-2b E .
E S
A “ 3y
i
" £ ol ¢ /
\. .‘0
N L
b y -} L.
. '
. 2o
7 L
12 N " i i s 2 L " i -2 " A L " " i " i x
[-3 2 ] s s 10 12 14 ki1 k1] x ] 2 4 L] 1] 10 12 14 16 13 20
x{m) xim)

6 v/ FE—LEFARRX v DRRDEE
RELEIE TE2V, 23U, K7TIRT T — EOFEL VO BRI E-SV 2 E B CAATI
(Computed Angle of Arrival Transient Imaging ) 2>5 & # DEIR F M A KDL FE TR AN ATREL25[3], &

OFETHFEOIN—TRRIANTRTIORY AR AF vy L 2T bEREL, EBRL TV,

#£ 1 CAATIV AR AF v

A () 10~500kHz -

EEEE 25~500Vpk \

7V ANE N, /f.; 1=N,<16383 H \Eﬁ

B AR 4. /N : 4=N=65535 %‘—* 7'
Sy AE 14 bits \___,
TVG 120dB (9 bits in dB) \_—j—————‘
277 f 0.225° \_——“
EETL— 1~ 6 \;—
BT — I~ 6 i ] ‘W

815 LTI A D
X7 BELF I ORISR M O5

MM EREY AT MZEWVTIL, BKBEHE (swath width) b EETH A, IVIRERHICLoTRR2-T
BOTTFRTHILIIEBETHS, HHFREL x1" | TREA[-75, +75], 100kHzD =)V FE— L AT LIZEB
THRHL V&Y —F — HFRAEE S TI0dB, KIERIEFBRELKED).5%. Btk E O #EEE%Z10m
(dy). EHFROLFREE10m (dx TN TR ELZEE R ABRAE OB % K851 R T KIERIEHFE
REIC LA B KIBEFBIIINCL TE B3 T LI K> TR ED R KIFEMES R EME DR R4 5 X TV, HiEo



T HBEABEOBHIUSL TR RIEMELEXAVLENRDHD, TEAT LAORIOEOEMATLHHER
DEHITI8D,

Bl O O &R :
1. eAFE—Lbza—YrH Maximum Range (m)
Q 400 800 1200
C LT — L o B — MO K (Max1514) 0 ‘
- SfEEEDR E - SR D AR
dz/H = 0.5% ———
- BEDOHE 100 dy=10m ——
¢ > N dc=10m —8—
2. YARAFp o
< Bl — AXTMVHT
< EREEDR - SR DAL 200
KB DOHE
3. IR LTOTIAT 200 |
- EFALE - Fr—T7E 5 LB OEERFI A Depth
BB OWE (m)
s RIVF LY —DF B 400 -

X8 Ik RIREDE

CDRMNDOSEER EO-OOARBALE, EEOHEERBLUY 7R LT 77 AT DI OWTEIZ
UL IS5,

3. ERRFEOLE
WBERAEEIERLSPICOMBEEM LERAZLIZHTL—REBAERZTHBORSI U LI nITwEEs
RO MEBIINETHD, L —F — L AT LTEUEDN TV S ERE Dz EEFREROY —F—2 2
TLAZEAT VL SRR EABF TELOT, EFHINORFICHEVKEREU, B AZBWTEDR
WBRRNRIEITOILDDHY . FILDFIEDHENO LN TE TS,

e S -

Ce BESAT LA
PLra4&:Lr

A E—LE: 6r=ALr
Sr 5 FORRAHMBREE: S r

iR

‘*EETE’ nE Sr=ROr=AR/ L

Ll - SRRV —F—
BREBAIO [P E — LEE
DOEHIZERE
AN E: Ls=AR/D
H—4LiE: 6s=A_"2L s
DMREE : Ss=R0O s
=D 72

X9 S noRE
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SRR B EIIIL — & CIIL9SSEENSFELN TE = H (6, 71 ThH D, ZOHMAE LI —F —IZiEH
PREETH DI, KPIZEITDFREOGEEENEROEND1/2000008 BN LI E S THENZ RV OFF
M LELL | HEOWLX I DB (ambiguity) BT A LN TERN 0 ZENKRERBATH D, &

A ODOREIL KT EN/NSRERE TV — 2SR ERBH IR0 EZELRIRT LIZLoT
FMATL —RERSTBFIETHD, HIZTRINTWBINT, ZOHET T~ Aoy BEREA TR A FEBEIZ BEGR
BRGERBRBROT VL —ROVUTI2D, UL BEOERT L — CIALIRWFE B F M THEOTIER
<HLRBEENTIIEL[8], B2, A O RISV IRL OEZIERITHo TRE T+ ERHHOED
DTEESR BT A L35, T 0RO —A(TIVFT8—F %) BEXITISIZ T v R EEMNH L4
Do LU, T VAN EREL TR EHEL F I D&V R BEHROM TII— ERHEHE L2tz
ZHUTER B AR OB ENEE DOHIFIN 125 TS, ZHUSK T2 — D OMRIEIL NV F T /38— F 22 THIETH
DM EZHEBEYEOICRTDIERER), TRALETHS[8], R UIAKBEOL —F (SAR) L&
AY—7F— (SAS) Z L& L 726 D TH B,

2 SARESASD L%

Tave Range Az Res Mex Range | Swath Vidth | Platforn| Motion RES Phase | Nusber of | Two-vay ¥ pixels/s
lergth Res | (single look) (single side) | Speed Conp Fluctuations | Beams Absorption | (single side,
Accel Sens single look)
(ca) () () (k») (m) (w/s) | (ws') ™ (deg} (dB)
Seasat 23 20 5. 8 8900 1007454 0. 08 0. 7 1 0. 1 6. 33
(1978
B-ERS-1 5.7 28 8. 38 800 10017461 0. 7 2. 8 1 0.1 3. 18
(1981)
NASA/IPL DC-8 88 3. 8 2 22 18 210 0. 004 0. 4 1 0. 3 0. 50
(P-band wode)
Navy/ERIN P-§ 24 1. & 2. 2 51 48 120 0. 0009 2. 0 i 0. 6 1. 75
(L-band mode)
Hi-Res SAS 1{0. 06 0. 05 0. 8 0. 8 1. 6 0. 00005 150 12 38. 0 0. 18

Zivh, HERITEDLIITR DL A2 1S0kHz D E IR B A A - TR sy AR RE DIRARSASE EH 3 DI F i DAL
FIZHBERITT 77074 — LOBREM B O E. HEOROE OMIENKERMBLL THHILI DD
Bo ZHUL. NG E R OGEHERSEWZLICER 3580 THD, ERIZEDEFREDHE R DOK0.05LL T D
BHERE RN ESREND 1] 2RI I0kHzD BB AAES & £90.75cmITHE S L . BAEDIIN TEI A TH 5.
—H. —EERETT 50N+ — L2 BEEEHDIHFINAREICHB O ROBB TEROI2ZERIUTE
FAUE INEREE OFEEIL. 3ktsTO.0lem/s® AL EIT/2D, 77 A& FLNIEU & EIZE > TI9FEN LK
FAERAOERBOY —F — ORI ThILTEX[12), £1LiXSAMI (Synthetic Aperture Mapping and
Imaging) 70y = 7 hEFEHIN TS, ZOSAMIE Y ARZRX v LD B L7 DRRITHD. 500kHzD 5 /&
¥ E 7 KLEIN DY AR RFv & RIERRBEDOSRENRER TETVDIILA DN D, LA IO HREEN
BB LT —ETHHIENSASORU TH D, SAMITIL, 2DV F T/ 8—F ¥ IZ Lo THfgiEE &
REFEMBRREDO R M AR IEDIIIL TS, (KETRM T DT Iy b7+ — LOREMITFILEFNIRDED
ZLTRDINZLTL TN, 7Ty b7+ — AIZITBMAIEEE S BEEIN TEY, HemOHE THESREL
TV IEZ{T> TV, 3512, B EIMIFBHIIE (autofocusing) 21 To TV 5, ZOT/VTYX AL B KSR ET A



£ 3 SAMIEBUR DY AR AF v & D LB

SAML GLORIA 1 SEAMARC If; TOB! SYS 09 Simrad Klein
Mode ®S 992 liydro Scan
Array length in i 5.33 3.8 3 3.79 0.66 i
meters
frequency in 5-10 6.6 {1/12(cw) |30 9'10 120330 500
Ktz
Pulse repetition 0.7 20-40 118 4 0.16-19 0.78 25
interval in typical
seconds
Survey speed in 3(typical) | 12(max) 9(max) 1.5-2.5 8. 5(max) 25 16(max)
knots
Beamvidth in 0. 094 0. 043 0. 036 0. 018 0. 044 0.01370.005 | 0.003
radians & (5.377 ) (2.44° ) (2.06° ) €0.95" > 2.5" ) €0.75° 0.2 )
degrees (-3d8) 70.297 )
Depth range in 100-500 200-11. 000 100-11. 006 | 10. 000 60-10. 000 | 1.000 12, 000
metres (mux) (max)
Swath width in 500 60. 000(max) | 10. 000 3, 000 20. 000 500/200 100
meters 30. 000

(typically)

Area coverage 1500 360. 000 80, 000 6. 000 17. 000 1250500 1800
rate(m’/s)
Resolution at far | 1-0.5 1296 180 28.5 880 7:0.7 0.3
range in meters all ranges

, R Unprocesse

o
p=_N
8 _
i =
m -
- &
g 2
» 3
8

! g ro 1 i
£ i =
|
F !
[l
D 1
+
A
3 _

slart range 450 m — . 170 siant *ange W
K10 £ Db AUEIE DT B 511 Multi-pinglZ JA1FHEE OF EUE


Yamazaki
画像


IRV T RTA—FE R | FIUTR LT v M7 +— LD LB ENEE THE T HIICERIN TS,

H10.11ILSAMITE i EREDFITHD, 1 1L F Y DEChoSRDHANI T VLV AL 4R L TIRIBIESY
BRILIZZBITHD, ALY TI0 T+ — LD RMEELE X DL/ LIT3Kks TRAL TR E OB
REICIRDZENEIETED, I, vV FE— LJIRZ ATREIC A7 I — EORIBRIZIE N2 0T L —%4F
AU TR NS E I OBPR F A& EIE TEDITIITL TV,

4.

EEOHE, 4T RLTTT 745

BRI ABECTEAHETHIFELL T Z2DOFERDD, —DILTHROE FBREEENSHEETHH
ETh5, B O%FRELREIIEEROMMN, EEEBY OB E R, HEY T OSEHLEKOETEL
Lo TEDD, BEOK FHELEEL AFEAOBEEEL TEXONDTT VA JacksonZ L > T2k

® NS e W

10.
11
12,
13.

o ] 4

L3 1 T T 1 i
— o Faimouth Site 1 (Medium Sand) Kirchhoff
= -iok e Falmouth Site 2 (Fine Sand) + Voiume °* A
-~ Frequency = 30 kHz .
T Composite Roughness
5 as + Volume
= _ | a hd ~
W -20 ° Kirchhoff
&
2 -30 o’
= ~°Ur ¥ Composite - .
& // Roughness A - 2'3035
- / o=2.0
— =
< a0k / P .
3 40 / Criticat v=1.2 R
/ Angle =34° o,/ay= 0.004
!
~50 { 1 1 1 1 1 1 i 1
o} 10 20 30 40 50 60 70 80 0
GRAZING ANGLE (degq)
12 EHO%FEETT )V
R4 Y ARAF YU U RT LOEWRO% FH BELEE O HE]
Step: Value at Deliverry Cumulative
Output power per side 5 kW=37 dBW +37 dBW (10 1og5000=37)
Transmit sensitivity of array 172 dB re 1pPa/W +209 dBuPa (+37+172=209)
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1. Iz

SRIEFEL. B 50 F£E (1975) »LERBEOHMERAE YT L T, MNREMT
RIBEIZ3M5~ o A FHASEIR. BEFL KRBT IR L S o7 KESHOW LW ERICRE T
AEBKEEECEILOE E»SHEIIAT T MIBLeE ke « < o H AL h Rk
IERLTWB 2 7R MEIKTHD (F—1),

®—1 RBEEVMRBROFESCRIFAE

ITUHUEAR

5 B RUH (%) & (%) R (%) EvZIL(%)T/NLE(%)
ItEAFEC-CI—2 254 6.9 102 1.28 0.24
hRA¥BRILER 19.8 10.2 0.60 0.70 0.25
TR AL EEBREL 237 11.1 0.80 1.07 0.18
EATEERE 173 16.1 022 0.43 0.42
PR -NEREE 16.6 180 0.08 0.33 0.30
AF¥D T 15.1 14.7 0.29 048 0.23
Kfu¥$is 15.8 20.8 0.12 0.33 0.32

(HH#) Cronan, D. S. :Underwater Minerals, p.362, Academic Press (1980),IFH

X H D FREb

B THABY B (%) [|FE (B[=urIL(%]|asXILE (%)
NIAL—3IvEH Al 24 16 1.1 0.45 0.91
SAVHES 27 16 1.1 0.51 1.10
FILN—rER 29 18 12 0.63 0.99
T—v L3R 21 13 09 0.45 0.74
RUF TR 12 16 — 0.13 0.09
LERIRLT 23 12 10 0.60 1.20
M- SF B 13 13 - 0.34 0.13
NEREERDEE 21 13 0.7 0.55 0.41

(HB) Manheim, F.: Science, 232 (1986) ; Hein, J. et al. : Cobalt-rich Ferromanganese crusts
from the EEZ of the United Stata and Nodules from the Oceanic Pacific (1987)

B oK Rt BR (B8 4K B At B S ER)
5 5

; M (%) B SR 88 (%) & (%) 8 (ppm) & (ppm)
HSNTABRE 45 40 0.04 326 46 0.34
B EE (L2 E) 0.8 323 0.32 19.2 159 0.08
BEAE¥EE (AL RI3E) 7.9 10.8 0.07 239 62 0.31
27T I7HEE/EE 15 38.6 0.14 16.9 182 <0.10
TP F DB #/ Megaplume 0.2 113 " 0.75 19.6 436 0.30
27T 2088/ Pl 09 24.3 0.18 3.9 207 2.50
IHZXTO—S5B® 36 5.0 0.06 30.0 99 0.63
JILY B 10 233 7.40 24.6 401 <0.2
T7ARABH 0.2 14 052 7.8 74 0.14
XEETAGHES 0.1~2.7 11~45 0.10 17~36 21~150 1.6~4
PN IJURPER BTV 47 26.4 15.30 55 1645 490
t 8B M S5 (EARE) 2.1 36.6 6.08 25 260 1.62
tR-FREESROKIESL) 12.6 20.8 0.84 15.7 203 28.90

(H B )Koski, R. A.: Polmetallic Sulfides in the Pacific Ocean (1990)
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