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The experimental device and the method for ocean field
experiments on underwater acoustic teremetry
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Ocean field experiments on underwater acoustic communication were implemented. In experiment, multipath or
Doppler shift, as distortion which degrade communication, were added into the received signal. Transmiting and receiv-
ing device were moored or suspended from the ship. Distortions were added with seebed reflection and by winch opera-
tion controll. The band of signal was 20kHz = 4kHz. The signal was received with five hydrophones. Transmitted signal
was previously recorded on PC as digital data, converted to analog signal by D/A converter and transmitted from the
transducer. Received signal was digitized by A/D converter and recorded on PC. The recorded data was demodul ated
with software as off-line processing. In this paper experimental devices and method are described in detail.

Keywords : underwater acoustic communication, multipath, Doppler shift, multichannel, osean field experiment

*1  BEREREATE v 5 — IR R

*2  IEEREEAN L Y Y —  IEEEARIIZEE (B AR

*3 I EEREEAN Y ¥ — BEHIER N Y v T EFsEE S

*4  Marin Technology Department, Japan Marin Science and Technology Center

*5  Marin Technology Department, Japan Marin Science and Technology Center in 2001~2002, (Kawasaki Shipbuilding corporation)
*6  OD21 Program Department, Japan Marin Science and Technology Center

141



1. 1ELoIc

KHPTOTLAN) REBIZED 72D, Ba Kb
WHE OISR SH TV, JAMSTECTL 7 H Y-
7 M7 [ e O BA%S | o K p BT OB IC B
WC, HIKAT — Y ary RE-ERHP OO T —5 |, 8 AHE
EREORESEZBRE LTI TR TWwEYY,

[EREMBM O] kP EEEHVI2T4Y%
VT = FEE D FEHHIRESR 2 T > T &7z EBRTIE, <V
FRARRY T =V T vz, MEOWITICRbEE
AONBEERDEET TOMWBITOWTHARz, FEER
BEEIE, BRBLLUIM ED2SOBY) FIFICE-THREL,
LW ORI LTIV F A%, R EOI4 v F T
TR AR EELIEIIESTRY T I— 7 M M A
2o BEETII20kHZ £ dkHZO T Z A L, %1512
SEONARKT T+ v VTV F F xR 2EY %
110720

ARTIE, EREBRIHW I BEIC LS S5BES
BZEHE, ROER IOV THHT 5,

2. EREE

FEREBEOMEL KR, TA VIV T —F DEH
BE2Ho Lo/~ PCIZitELTHBE, DIATYN—%
WEoTTFurfgoel, RU—=TYTE2KTIIVA
Ta—HICLRFEEIN L, ZREEFTIEINVERRTIVS,
TIVT VT RETAIDIVN—=FIZES>TT1 I MALL,
J—IPCIZRLEREN Lo ZET—FIIEINE Y 7 72T
IO O 24T 5720 F72, 5O NI FE 7512
FoTINF F XV ANZEERAT o720 HZAFEH O T
B ENBE, Fzor/D0M EPSEZFHDONAR
7+ ERYVT, B5%2ZE LA, UTICEEED
A RS

PC PC

v 5

D/A converter

A/D converter

v 1

Bandpassfilter +
Pre-amplifier x 5

v t

=,

P11 SR AR
Fig. 1 General of experimental device

Power amplifier

Transducer Hydrophone x 5

142

21, REEE

PAZEE 70y 7 M % X202, fEHE 2 3R, Rk
DOFT 212, 55, A LTFOL LTS ZEBLTELYZA
IRTY R AT WS FEEITTXTRPICIRD 5729,
M EA BT SN Do LR, BB, EIA,
R =T TRO3IDNG0NTEY, EnENKRFIRS
FIZEoTHIM SN S MEEHIZIZZENENUTOLD
DG S B
< THIVAEIE TR 25 2 (U4 R G L)

P18 7 —FPC(SONY #VAIO PCG-C19)

D/IAZ»/3N—% (ELMECH#EC-2481)

HrEt (7L 7 BFHAC-2)

ERE (7L v 2 B -#ACO0-200)

s, RV 7 — oA (1l L3R

DATAMARKLS-3300PtV)

ZA < [l (i)

L —nl %

DC/DC > /8—% (+15Vout)

DC/DCa > /3 —% (+15Vout)

A< R () F 7 2 B ith2CR5 TR
- TR A A

FIEEH Y F 28t Sy 7 (L5 —= 72 H)

RI—T TR F LB Sy s (L)

R —T7 > FHA 7y MEJ (2CR5 TIEH)

IS8T —T7 T BRI A A T 6% (R L)
C X =7 T ES B

NG =T 0T (F—=T4F T =T T % k)
s NI UAT 2=

TOKINE (= F /3R, Ky 75— 7 hEEH)

Oceano Instruments#PET292 (K 75— 7 b F2EiH)

2.1.1. HIEEER
- 4= [uliEg (XI5)

FERICB VT, EEIZTRTHYL RIS LS THIE
ENbo IARBIARAAYF 2y a—bERDHIEIES
TAZ—FL, R6DEI R A Va— IV TEET S, 7147
25— 5O I B 4G S R IL0~7 505 B o0 fi B TRk
T&(SW202), 2 E B E N % %58 LTy 2 ke
WCEHTED, HIHEGEY» S22 T (EARRISREN TS
BRALZ®ITL720)12, +15VDCE (CN201-1),
+15V . 0" +5VDCE I (CN201-3), F—7 %5 H /—hPC
(VAIO) D A4 F (CN201-5,6% 1B v a—h) 2+ i
T5 HIBMBBO3THEIH15TEICK6(a) DL 7,
DIATZY)N—Z DI H 75V A (CN202-1, HIE B G & 3t
\ZBVEIEAND) Z600m I L, ik D7 VAN B354
WCETORBZEN L, NIFTBRDENEETDN
LB D35E, PCOFEE), [ OF TALER D 728 DI %
EZRELTWD, A< Ar V21— VIZPAL-ICO#H X 2 12
FVEFTE L,

JAMSTECR, 48 (2003)



HIEBARES

| 12V

DC/DCIL/ =%
(12V*5V)

197272457 (0CSV)
45V

L L 2V
B8

DC/DCa
(12v—5V)

Tt AMHERS

HlEsA

it/ vy

N)-7 T BRHERSE

R
[TOKINEY
1 7— |
77

JAMSTECR, 48

2 EEEE

Fig. 2 Block diagram of transmitter

Fig. 4 Photograph of transmitter controler

WP i135‘§

(2003)

o2
anol oo AERBE >
55 NGz 3 3 T x
ey mg;; 5 5 [ i)
anD
woox GND
7 T r
. 3 . Ir
s2vin
oooe
WS oy - 3 2 J—hpo
157
: e
o oV 5
07 sevou [y 7 vt e
m isva £ 2 L83
oo ) 15vn
s 3 oo
o 15
1 : .
a
15
it 15V
oo
2e > oo
T{.12vin  oooo
2 fano x| 2 T
s 4
ocoe 1s ||z}
2472 2 12|z}
15V, £ 15VSW 125
i o>
cnaoy =
= RO sl T
B — IR Keba%7S
o 27 i
77| 1| 1| I 1| —
2 22 4
N20: N e ;g,l;
sc> 2
oA [T}
aw 5] 12112
ez
pe)
|
3
[N NT—T> TR
Kbz
oans: A
s

2CRS (2E8/17)

2CRS (2i58/17)

lll.{iiii—

EyoZ

L 2

EyoR
=g

%

212V
1

|3_3_3_3_}_}_}_}_ .

ELyo2 ELyo2
= =
T T
vroLge 2|2 =
a2 B H
A 3 ==
s|ls
= ¢ e

52
UFOLE GND
sy 82

(xg2v) 82

“5v(sw)
aND

27 Em

kePIAZT5
P

EfEHE

HI

Fig. 3 Schematic of transmitter

143



X5 % A <l

Fig. 5 Timer circuit

- EfEH /7 —hPC

WAE T — ¥ DLk, K UDIAT Y N—F OHITH /N
D) —=FPCTHbo IAINOLDEFTTALYF 2 ANLTZ
W, ALy FEICYE R M L7ze 72, BIED e % Fefd
T 5720, BFIZPCHB O Ny 7)) —%flib3, FLE8ENRE
(+15V) & JHw72,

s DIAZVIN—%

J—FNZAHDODIAT YN —% T, DIASRREL2bit, HI5E
LY x5V, Ik KH v 7)) 7 EIMHzZ, ) F v R
BIOBDOTH 5B, PCIZEoTH U YRk, 7%
T7AN, FIA DRI (N, HE8) 7= & & i S, PC
MORET =5 & GAAATHIIT 5, RN T OYE,
PCHIDNAAZT =4 % K6 (a) DEH R M)AV RIZ

LoTHERIED D, DIAI YN —F I E A2 ICILE S
IR ERZ WL TR A0, BRI S+
15V, +5VEFRBE LTV S, SMHRED Ay =724 A%, &
WH, B5 RN FH, #IZD-SUBIE Y T4 7512 TH
fEL7z0 PCEIZHEH O 7 —7 NI THE S %o

ZDODIAT N —FIZEAFAHE D 5 72 t2+5V OB A
HNENLFFIHSTLEIDT, AV F U 2 HINIIHEA
LACHy 7 Vv 7 e L7z (R3DOFEH TP A 72355 D TOKIN
RN . ZOfRELTar =yl ), $U—7
YT OMBEIRTOINC o720 WO RIS
NTRY, WMEOLBRWIENDLI LTV T U OFEEI/N
ST ELEWIEDED)
- gt

Ffratiddb 20" L LTI DIZ360° &, V=T 120~ +5V
DBEFNERT D, HMFRET7IvIAT = L TDHD
THY, FHOBARDEEE Z T TP EL TS50 T,
PWEAETHALY, BEEHEALLZRETCOXT YT
L— /a/%ﬁoto LLESOMPAN AT S M 7T 7 R

LR % 30° & Al S CTHIE Z T o720 FifEr

@#wm“vm‘/a‘/ui%ﬁﬁ:‘ AT OVEDNH L. B
IIDC/IDCA Y /N—=F H 5+ 15VERE LT A,

- gk

BRFHIER T 5262 22 +70° FTEHIIL, V=
TIZE5VEEELTHT 5, Fath i A%0VEEIZkia
e B E XA DL THRE L, HhiGE, ERlE%
b TSR LTBLZEIZLY, R RDE DT AT
AT WL EMEILENTED, BIIZDC/IDCI I IN—
b 15VEMRBEL TV 5,

0~7.5M5 ] (307 27> 7 Ml 22)

Timer Start e I
........................................... R 3 LSOO 2
— o
4 B 4f — — wr
i 60sec 60sec 60sec 60sec 180
CN201-5, 618V [ short A\ 4

(VAIOSwich ON)

CN201-3 High — CN202-1 Low
4 (+ 15V, +5VDC ON) (@) CN202-1 ,\,I,X,ﬂjj CN201-1 Low
(+15VDC ON) _MAON CN201-3 Low
CN202-1High +5V
(Trigger Pin)
o «—»
1000ms
X6 #A~D AT 2—)v
Fig. 6 Schedule of timer
144 JAMSTECR, 48 (2003)



e |

TRl a0my
a ‘123lim\|'

DIA I v 8—%

Low Battery
Lt

T Eaz0 v
ai12q v

Ny—=T7r 7T

K7 a7 Hif AR ML
Fig. 7 Output signal with condenser inserted

CF—yuah

FHALEE, ERIET O T = OO ID, T—ruk i v
oo T=HUAIIZIARBBENSDO M)AV ABFLERL,
T—EEDIA IV T EDBRD B EINLT. HiEr
Fx v m, @EERF YRV, MIFTF Y ANV DEHF %
AN EFRER LTz, AL, BRI, KONV AD A T)
ZE5VTHY, Tl O AT £2VTH L7720, itz
HMABHETRSD L) B B EIAMR 2 BAEL, £5V—>22VD
BIEIT T AT Lo RIFUSZHIBEH O3y 7 )13 H
7, MR EOwERE vz,
< )L —[n] %

X912V L — [l % 7”3 OMRONHL/ N7 —1J L —G6D

410k Q
Il
&5 2a0ka] |5y
=
)T AJIER
M8 7= T ~D AN LK
Fig. 8 Convertion of Voltage inputed to datal ogger
S EBCN201 &Y :@%« DC-
GND— DCEERENIL—
CN201-944)| o
CN201-144| © AP | :@:
oN201-344] © T L e % DeRmm—
% IND=TP LT 2y F
o +5Vout
GND
. A/DIZ =B
+12Vin g Win +Vout —— +5Vout
GND [ § T DCngVc%*‘vertervseZ_ {_ . GND
~Vout T
[_ﬁ/m NG —‘
J=_ ‘

B9 s ) L — [l K AL iE X
Fig. 9 Relay curcuit for transmiting device

JAMSTECR, 48 (2003)

(+5VDOANIZE->TONER L) ZMHHIL, BFHOHIH %
1T o720 F72HAMICIE, +5VER L LTHIJIDON, OFF2S
WHEZR+12V AT, +5VIiJoDC/DCa v /N —% (TDK#
CCN-1205FS) Z it L7z UL —li, ¥4 <m0 5
DREFICE>Tx15VENR, +15VER O A4y F O E %
W4, F72, +5VERIFIIDIAZ NN —YDEIFETHHE L
2, ST —T Yy THBED 2Ly FOEEDFRATV S,

2.1.2. E(E56
NI =T T
NI —=T 2 FNEA =T HRT =T ¥ T WL
P TEBENTHBZ, MIAVE—F VAR ERTES
INTBLELTH W2, A ¥—F 2 138, 16, 32, 64,
128, 256 QIR ETHIENTE L, BFIT 70V, =82V
WRETH D, TV 774 713H50dBTH %o
- TOKIN#E T Y AT 2—4
WIBIZ6EDIEBRHTHIELTH Y, 25T O &l A
HEbETHIZENTESL, MI0OD# DM, F7213#1, #2%
WA Heste LC R L7235 65 0 3 3 0 JE D BURR 1 & 20kHz
BT AR 2 RI1I1SR T vV F/SADOFEETII#H],
2%, N7 I— 7 NOFEBTII# DA E M L7z,

cold

#1

#2

#3

IR

BI10 TOKINELR 5> 272 — H D FEFBLE
Fig.10 Element array of TOKIN transducer

145



90

155 120 60

150

145
m 140
135
130
125
120
115

————— #, #2 30

| O N L |

KRB

210

270

KR E[dB]

160
155 —===rrm e
r' ‘_——___
150 L4
__h—l
,' _\-\'_"—--_._
145 - - 2
b //,I’-“\nf/
140 4
135 ‘
r #1
130 A #,#2
I
125 /
1}
oy !
120 11
10 15 20 25 30
[ iR 4 [kHzZ]

11 TOKINSL bS5 272 — 4 D P 5k
Fig.11 Transmiting characteristics of the TOKIN transducer

- PET292

W D JE W B, 20kHZIZ BT B I ERE 2 X121
9o PET29213Ff A28t 23/ < (478pF), 160kHzD ¥~
TN TRWEPEATLE). 22T, 7)) 7 1
DEEZ LB E RS % Hy T B8, 30K TH
ATEERGT DPET 29248 FI R DI i A 72 X912, 651
WAy F o eifiALk. TOME, MI3OLIIIEAT
WK ENTWBIED b2 b,

2.1.3. Bk

ZA< HEHEOEFICIZ+6VOAATH ) F v wEill
2CR5 &M ABEMELTHAL, 2EF3IFHTATI SN
(CN203) o

74 < DA O HI SR OB, LS =T 7TH
DOBFINZA VT —= 7 ABO) F LB Sy 7 E iz,
B Sy 7 IV - L =Ny F 3 F o A FE3B36
(EAE3.4V) Z LA PP CTIER Sz, BB +13.6ViE
Sy 213 X14 (8) D XH123B36 % AIEFI4EH] TR E T
bo =TT HEM S 713X 14 (b) D XHI23B36% 21
B+ 21 THEN, £7T1AVERELTHW 2, 72,
N =T THOERELT, £834AVILETH LD T,
2CR5% 2 A8 H (L UF5LHN L7z D% +71.4VE
sy o+, —ficEhEh Efed LT,

R =T T HBEM S 7 OWITRIIE A Ay F Il %
BT BY, NS5V EATITHIELETONER D,
i, H#EFRO UL —mEg 2§ L 72+5VDC/DCa /N —
FIDEIN S,

22. RERE

ZREE Ty X% K152, M EXI6I R, %
FEBEIIDDMEERICETNDLN, LTFOLOH
P S %,

Z12 M /—FPC(SONY #VAIO PCG-C19)

146

A/Da > /3N—% (ELMECHLEC-2380)
gt (7L v 7 BFHAC-2)
ERE (7L v 2 B T-3#ACO-200)
Fifr, R 7 — 5 ah
(AL T35 DATAMARKLS-3300PtV)
A < [l (i)
TIT YT, 740 1l GHE )
YL — gk (X17)
DC/DCa /N —% (+12V—+15V)
&4 < [0l % F B (2CR5 TR
+12V) F I LB Sy 7 (A 05 —= 7 A H)
NART 74> (ITCHITC1032)

c AIDIVIN—%

H—FNAHDAIDILIN—%T, AIDSHEEE12bit, W E
Ly Vx5V, KT I 7 EEIMHZ, AJJF xR
B8DHDTHb, PCICLoTH 7Y 7 HN %, B
F=FORE, Fryy IV, NIAORITEE(NES, T
HEERET D SN T OBA, M6 (@ DEHRMNIH
INVAZE ST T — Y Ot IED, EL RSO T —
5 &R 2 7R PCICRLER T 50 DIAT Y N—5 ERRIZ,
HEAZCINEL IO ERE BIEL 7z, A ED AV —
7z A AL, BHFIHIZD-SUBIY Y, B KO M) A A
D-SUBI3Y Y % w720 PCEREH O — 7 CTHedi
ENb, BFIFZ£15V L F+5VEDC/IDCIY/N—=F 5
BT 5o

AEETH72DIA, AIDI Y3 —F DRIZ13160kHZD
7)) T BRI L, A ISR AHzO T
DIAELT SN, Ry T o= 7L, Bk
FTNELTUINZ VDS, BZEREL WG EHHRATLY
HEHE, BREBTORERT A XR T2 W& X
HELZINE RSO,

JAMSTECR, 48 (2003)



PET292 90

125
30 120
7 / "
g 115 / V/
X
0 hj | PET292 |
=
5 110 /
105
210 330 /
100
14 16 18 20 22 24 26 28 30
240 300 BB % [kHz]
270

X112 PET2920) 3%k 51
Fig.12 Transmiting characteristics of PET292

EFE !ﬂﬂ 25MS /s 20 A(i]s 5y -
S et i |

I—— - Talas2 v
AT TG ] . . afaso v

e

. .M. (e _Ilj'.,r«,\
,ﬁﬂl“;hﬂ : .FJJ i

AT YRR D87 =T 2 T ) AT YHRABRD ST =T 2 T
K13 2 F v AL BT =7 v T %Ak
Fig.13 Change of power amp. output with insertion of condencer
a
IS
< 7
74

@ 214 214

) | axzs

[X14 ) F L& Sy 2
Fig.14 Lithium battery packs

JAMSTECR, 48 (2003) 147



ZIEAMERS
boincass-4| sy

—
S 265 ,_I iz
. ITC1032
HIEEA [ ')sz X
it/ Yo 5 GND DCA/$—5(E15Vout)
517=in A7

+12Vin D i +Vout £3 O | +svout
oo @_lfj [9fe
+Vset O
5Vout ADIZ =4~
/| Ol N vou O
(p'\/ln Nnc O —|
=
5
W) 0 f =) W)
X15 ZfEHE 7Ty 74 17 SASEEE ) L — [l AL E
Fig.15 Block diagram of receiving device Fig.17 Relay cercuit for receiving device
R
wpn wpn
o re— “
— % IN(2ch :: 2: 1Al Y
G HH! e
OND gyt
oA At
345/3 -12V(-15V)
|, ||, |—
] — )
CNW\ *F:fﬂv
o i ITC1032
SH=HH=HE
dope L2
(15V) e
45?/23 CN101 ELyIR Kpaxss  Kpaxss
3> 4 == a4
i : i b
EIEE 1
ocoe 3
2L (+5V) +5Vout 2n
1 |20 F 1
E on »
I oo
p
p Y
son
@it e
& oo i
v Ea
W
e oo b Mrazos
23, o
: 7
GND s

P16 S5 HHE AN
Fig.16 Schematic of receiving device

S FVT YT, T4V HER (1)

TIVTyTETANFIZFEUER EICEEL, v
AN LI ERER L7z TV T4 T T X 08
Z A F (IP103) 12 £ D 20~80dB% 10dB T L IZFE ECT& 5,
TAWFTEINAINATANT EQ—ISATANE T A —R
Bt L7zo NARZAD Ay M7 W BIL 15kHZ T REE,
n—zfxwmw-ﬂﬁiﬂzi&aiu—wzw%(wsml) i
FOBEWHETH Ho £ 1I5VOEJEZDC/IDCIV/N—F LD
/\EE'—a—Z)O
ST =i f

R PE D NA a7+, ITCRITC1032% 51 = L
7l/—l\b-20kH20)10ﬁ§Fﬂ'ﬂm(750m)’6‘ﬂ£’\“((ﬂ19)
ZIRREAT 5720 ITCL032D %45 O 1 W B4 7 2 X120

2R3, 18 7T 7, 747 [l
. B Fig.18 Pre-amp. and filter cercuit

KA EEE TIE+15V, £15VDC/IDCA /N —F % FNZFh

148 JAMSTECR, 48 (2003)



HEL72D, ZREEBICBVWTEHERHED AR=2D
RIS |, £15VDC/IDCI Y N—F DA ZHHL, /—FPC
LE+1VOERVPLERYELIDOILN=F D+15VE
Wz 7z,

K19 7V =20 7oA a7ry
Fig.19 Hydrophones set up in aframe

-180

-185

-190

-195

-200

Z KR [dB]

-205

-210

-215

-220

10 20 25 30

B E [kHz]
20 1TC10320> 52 5 o i e ki
Fig.20 Fregency chracteristics of Rx sensitivity of ITC1032

23. EZZEE

By EE T Oy X E K210, T HE 7S 85 RS % X
2218 F, B MRS, KO Y A7 2—H 13k |k
254000m7 =< —Fr—7NV 74 Y FIZESTHY T2,
TS ZWRHIITOKINE NG U AT 2 —H % Wiz, &
= MR EREBNICE, 77y TERETY 7 7 B
PP ENT WD, 7774 1310~70dB% 10dB Z &I 5%
ETED, HRIEZEEBTHNIZTITY T - 74005 35
WERULDT, 7Ty TR E IR LT TIVT VT
DOHMHIET—<—Fr—7VIZEoTH LRy 7512
ESN, 74VE, VT TEFRETE I ORAa—=FI12E->TH
2EN, F/ADIAVN=FIZESTPCICREE SN S,

2.4. R8E%

FRBE R X 2 (X231 7R §7 1123 (a) I3 RA5 2 E A, (b)
B ZREHEENORERTH D, MEIIIEZEROE L
KNI YARYT &AMl 2, BZEHORELWETED,
23D L) MR T, Fe ARE, DL IEZEI 0 HEL #3% LIRS
110kgf~130kgf O EJJ, L UTIFIIPMH IR ->TH
1, 1000mitts R DIZHhh A IE BB LZ12, 35T
HbHo TR, LUFLEEEIZNL3m/, BiHWRY I
L= a i B RO ;T =N =2 a =D
0.3m&EHHE 3N 7z,

iR EEHEID> T

PC ADIALN—% TVTT TR
EC-2372B ITHCO1201 NFFV-665
4000m
T—<—Kr=7I

A %
TOKIN&!
K21 E=FEETOYIIX

Fig.21 Block diagram of monitoring device

| E- s AMESS

ELyUR Kepaxsz
= S =
3 |[3 217
1 1 2 2 | 7= —=Fr—70N~
2 |l 2 4|l a
CN102
25> e N
]2 oNo1 ELI2 B
ELyUR 2 (B3 owo —4’1:/ 115 T TOKINE
~ CN103| 77 a4
+12V e~ e B8 2 S—IE 4104 2112
2CR5 | IRl [ SV 2 |2 3 |3
GND 2| 2 2 |gg
* % |3 & 13 i
4| a
AN 7< -12V

(22 =5 FEAHHX
Fig.22 Schematic of monitoring device

JAMSTECR, 48 (2003)

149



S JHAUBE7 2 — b
¢ 16PP T —720m

BC12¥ v v oV - A% o

17inch #"5 ZAEK 74 x4
AmF = —

BC12Yy v v o7V -xAEZYY o

17inch #"9 A7 4 x4
AmF = —

BC12¥ v v oV -xAZY o

17inch #"9 A7 4 %3
3mF—V
BCl12Yy ¥ v 27l -RAZ Yo

612514 2 ¥ 2 —730m
b5 Y ARV (Benthos#XT6000)

BC12¥ v v oV -xAZY o

ss101 2 4 X))

R

ss101 A £ X)v
BCI2Y ¥ v o7 N -<AZY VY
A: ¢8r 7 I —ua — 7500m.
B: 91204 7 ¥ ua— F15m.

C: 12441 >u—730m
D: ¢1294 7> a—7100m

BClAY ¥ v 7NV - AZ) V7
Y1) —% (Benthos#865A)
BClA4vx v 7V - AZ Y7
#1294 0> 2 —715m
BCl4vyx v 7l - AZY V7

3V H—300kg

J Y HUBEZ7 u— b
¢ 16PP T —720m
BCI2Y X v 2N -<AFY V2

17inch %75 A7 £ x5
SmF x—v

BC12¥ v v oWV -3RAFY o

17inch %5 A7 4 x4
AmF = — v

BC12¥ v v oV -3A%ZYY o

$12F 4 1 u—730m
b5 ¥ ZAKY ¥ (Benthos#XT6000)

BCl12v v v 7NV - AZY V7
ss101 &2 4 ~Xv

N Fa7xr7L—2A

BC12¥ v v oV 3R o
¢87 4 ¥ a—71m
BC12¥ v v oW -3RA%YY o

¥
al
i
i

ss101&2 4 ~Xv

BC12Yy v vy 7NV - AZ YV
A ¢ 87 7 5 —ua — 7500m.
B: ¢127 4 v v u— 715m.

C: ¢p129 41 vu—730m
D: 12+ 4 1> u—7100m

BCl4vx v 7V -A¥Y VY
Y —4 (Benthos#865A)

BCl4v v v oV =A%y 7

BCl4v v vV =A%y 7

3 ¥ H—300kg

(a) %3 TR E R (b)SZ A5 AR R

23 1/3%77?2
Fig.23 Mooring systems
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Fig.24 Experimental method under the condition with multipath
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Table1 Setting of devicesin experiments (a) with multipath

JHH 1t
o INT—TVTHA Y 51.6dB
B e—y A 1280
TVT VT rAY 60dB
ZW R T4V HPF:15kHz,LPF:24kHz
A/DF T TR 160kHz
BRNTIVTTrAy 40dB
Eo sy W ETVT T A 10f% (20dB)
i L7y HPF:14kHz,LPF:26kHz
A/DF T TR 200kHz

Rt EEHRID > 7 F

FoOzxa-7
PC DAL IN—% NT—FLT TyFLIRNTLR
PCI-6110I Victor#2JM S500MF JMS500MF A
Z4oounT
7—<—K
=7
< A e ]
TOKINEY

25 785 —> (b) R HE T T
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