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M easurement of internal acoustic reflectionsin AUV" URASHIMA™
using M -sequence signals
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We investigated internal acoustic reflections nearby an acoustic telemetry receiver in AUV"URASHIMA" using M-
sequence signals, and discussed about position where acoustic telemetry receiver is mounted.

M-sequence, standing for Maximum length sequence, is a pseudo-random noise based on arithmetic rules. It shows a
very sharp peak in auto-correlation of a M-sequence signal, and extraordinary low values in correlation with other sig-
nals. We investigated internal acoustic reflections in AUV"URASHIMA" by using that characteristic. We transmitted
M-sequence signals from a hull projector on YOKOSUKA to three hydrophones set specialy for this experience on
AUV"URASHIMA". Signals received with those hydrophones were correlated with replica signals of M-sequence, and
detected peaks appeared in correlation between direct waves and reflected waves. We measured intensity and delay time
of reflected waves. After that, we discussed about place where acoustic telemetry receiver should be installed. As a
result, peaks appeared after correlation in any case that we couldn't distinguish direct waves and reflected waves from
ambient noise. And there is obvious difference with mounted position of hydrophones.

Keywords : M-sequence signal, Acoustic reflection, Acoustic telemetry, Underwater communication, AUV"URASHIMA"
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Tablel Specifications of AUV"URASHIMA"

Length 9.7m
Width 1.3m
Height 1.5m
Weight in air 6.0ton (Li-ion)

7.5ton (Fuel cell)
3,500m

100km (Li-ion)
300km (Fuel-cell)
3kt

4kt

Operating Depth

Cruising range

Crusing Speed
Maximum Speed
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Fig. 1 General arrangement of AUV"URASHIMA"
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Fig. 2 Transmitting response of projector installed on
M/V"Y OKOSUKA"
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Fig. 3 Transmitting directivity at 9.5kHz of projector
installed on M/V"Y OKOSUKA"
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Table3 Apparatuson M/V"Y OKOSUKA"

M-sequence generator Windows PC

M-sequence decoder Windows PC with Matlab

D/A converter 10.5 ps/sample

Hull mounted projector Response: Fig.1a

Directivity: Fig.1b

Table4 Apparatuson AUV"URASHIMA"

Hydrophone Response: Fig.4a

Directivity: Fig.4b

High-pass filter 1kHz High Pass

Amplifier 0 or 20dB

Recorder 48kHz sampling rate, 2chDAT

Fig. 7 Experimental areain Suruga Bay
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Table5 Experimental conditions

3 sea trial 4" sea trial
Date 15 October 2000 29 November 2000
Area SURUGA Bay SURUGA Bay
Weather Cloudy Sunny
Sea state Wave:1 Swell:1 Wave:2 Swell:1
Wind N, 2m/s NNE, 4m/s
Depth of water Max. 850m Max. 845m
Depth of URASIMA approx. 800m approx. 800m
3;”:;1;; [::;ar;cg;g:f:; less than 400m less than 200m

Point B Point C ustia

ustic
‘l:f?gmelr? (3rd and 4th Trial)  (4thTrial) ‘Eﬁemet
cei

onesrc# ﬁal oneﬁﬁ*?gl
—— S

Point A
(3rdTrial)

Fig. 8 Apparatus and position of three hydrophones on AUV"URASHIMA"

177



SSBL Array j Pogerfor

Homing Sonar
TV Camera & Light S===
Point A
Obstacle Avoidance Il
Sonar
Photo 2 Hydrophone at point A on 3 trial
Acoustic Telemetry

Receiver

Point B

Point B

Acoustic Telemetry
Receiver installed
here on 3rd trial

Photo4 Hydrophone at point B on 4* trial

3.2 fER
PTIC, EBRICK>THRIMBE T2 R 7, Fig.9ix
Point B (3ffi) TZE L7 —% T, MR&H—EY >y H 70k
W2, 4, 6 THEZFE LT —FeHEAQTTay LT
%o Fig.1013 3511231 A Point A& Point BA. i O %45 7 —
%, Fig.11134H512B\F % Point B& Point CiZiE THD %48 7 —
5 Tdhbho Figl2i33ti L4fioPoint BTZAZ L7127 —%, 2
FNF ) o Z WO B L DPoint BOT—5 T bo
FEERTIIRSEF U 8Y — > DF—F %25 % AT 57208, %
DIBLILRNEE L TZIETELDDERATT I 7IZLT
Wb BEINERE T, BEEOE— #2008 E L7z, it
HHIABIE T, 2 UMBRH 7= B3 %45 TE2 T
L, ZoMEIEBBLZF1ER D,
‘7570511,
CEDTITICHEER - XV BN THEHEOHM
Y—orhdH 5
< F ) T READHE 2 D LA BE BN T S (Fig. 9)
- EHER Y — 27 DL o AHBE, D F ) JE PHAEE & o AH B
fEIX 35 LD 45 DI1ZH 2585\~ (Fig. 9, Fig.10)
- Point BIZBUF 5 EZEWAH Y —71%, 3E L4t )
A3 (Fig. 10BHE, Fig.1194%k)

178

(DAT, Filter & Amp. in it

Pinger for Acoustic Telemetry
Homing Sonar Receiver
Duct of
Vertical Thruster
Point C

Head Amplifer
for Acoustic

Homing Sonar
Recorder Vessel 9

CTDO

Photo 6 Vessels below Point C

- Point COAB 25 712iE ImsBE 2 725 2§75
HEY—2 233 % (Fig.1184))

- Point BIZBITB3fMiL4fiO MY —2r% bk 358, —
DD HE=ZIEF LI IV T TR INTA, T
HHE—B LTV v (Fig.12)

L ERAWNBFEINTES,

4. ER

Fig. 907 7706, #k I EA2, 4, 63 LM 2 122N
TR AH B A3 3 B A ASie AU B0 ST
Vo7 %2 W i DRI AT T R T\ (Fig. 228 R) 7-
D EBDO LA T R EESEE RV DTH S,
HOL R P B R £, KB T A33dB AN T dH 2 JH dk Fi ik
TE%E AfE T, ISR RO EEEZ R TIIELLT
Q=f. At ML b, QIP/NIVFEINEMWDEL, €D
BEEHRCBOCTKEDS T3 LW MOHENBQTH b,
[ LT3 2 ] MR W25 0 H O JH P 3039.5k Hz, wif IR 1%
Fig. 2508 1kHZzTH HD T, LB EADICIZQ=9.5"1=
9.5 YL LWL ETH B, TNIEFig. 9D T TTEF
Lz RO FIZ S OEBRIZHHTIIED, KW
# LB BICT =21y M T AR IS¢
HEPHENRFEO—DOTHAIENZ D, LBLEDD, WK
WL T HIZICY T =S ORBICINZL DM 2 LT L
T 720 ThL, W 3 RE (= 220 53 pe) 258 5,
Fig. 902 DMt % £ 3 757 (Fh) &KIC RO B H
B Db 02BN, 49k (AR TILEL, F7263% (B
DT F 73R L TV Do B 2 ITWE W I 109 %
fiofzt, F—F71Ev O EBICLEREMIZ10
9.5kHz=/1msTd» %o ZOHAImsLLNIZHE T D K%
WoHEZOXFNEIHEL V. WARH QML TLSMELT
WA $ 525, &F15m, &E1.3mTHh A HLLE S

JAMSTECR, 44 (2001)



0.02
—2waves
-=4dwaves
0.015 e Gwaves |

Relative correlation value

Time (ms)

Fig.9 Correlated waveforms with 2 (—), 4 (--) and 6 (--*) carrier
waves at point B on 3 trial

—Paint A on 3rd
0015 = —Pgiint B on 3rdH

Relative correlation value
o
=2

Time (ms)
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Fig.12 Correlated waveforms with 2 carrier waves at point B with
(—) and without (--) acoustic telemetry receiver
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