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Construction of the Prototype of Underwater Machine Guidance System for
an Underwater Excavator and Accuracy Verification
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Synopsis

In marine construction in Okinawa, underwater excavators with divers on board have been used
for a long time because the seawater has high transparency, which makes it possible to recognize the
situation by direct visual observation. However, with the current way, divers have to work near the
underwater excavators. Thus, it takes large effort to ensure the safety of divers. Therefore, in order
to contribute to the improvement of safety and productivity, we have studied the application of
machine guidance system, which has been used in the land-based construction, to underwater
excavators.

In this study, in order to apply the machine guidance system to leveling works of mound, we set a
target of £32mm for the height measurement error of tips of excavators measured by underwater
machine guidance system. To meet this target, we selected commercially available sensors that can
be used in underwater construction, and conducted elemental tests to confirm the accuracy. In
addition, underwater tests on mound shape recognition by profile sonar were conducted in our water
tank to confirm the characteristics of the surrounding situation recognition.

After that, our underwater machine guidance system was constructed by installing sensors on our
underwater excavator. Then, the system was used to measure the terrain by contacting the tip of the
equipment on land and in water. As a result, it was possible to measure the shape with a maximum
error of +12mm on the concrete surface where the contact position of the tip on land was stable. In
the underwater test on a model made of 150mm crushed stone, the measurement error was larger
because the contact position of the cutting edge was unclear. However, it was confirmed that the
system could measure with an average error of +31mm and a deviation of +17mm.

Additionally, we installed our system on the underwater excavator TKM200-9 and used it as an
auxiliary tool in an actual marine construction site. After the experiment, we interviewed the divers

and discussed the possibility of remote operation.
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F&-3.7  50cm [l O FHAME R 22

-125 | -075 | -025 | 025 0.75
&iBH [m] ~ ~ ~ ~ ~
-0.75 | -025 | 025 0.75 1.25
&K [mm] | -2762.4| -2789.1| —2785.3 -2767.5| —-2787.6

/N [mm] | -2806.0| —2803.4| -2797.1| —2805.1| -2803.0
& ZE[mm] 435 142 119 37.6 154
{2 [mm] 120 39 25 7.2 46

S profile sonar (M3) [
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B-3.45 M3 RRECE S K OFHITm

measuring result
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— — — approximation straight line TR RO % ®-3. 47 &, AMABROR 2 E-3. 48 12
253 .y SRR L L R OB, A Sy 2
B-3.44 [EHEHEEROAMESE (R« TR R EE (ER TKM200-9 : A4 v b 0.8 Y7K) @
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®-3.46 ~ v Mg (6 B2 ORREE . -10 ~
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frame

0 profile sonar
(M3)

- measuring beam

2.8m

rubble mound
[~ (1.5m > 1.0m)

B-3.47 FHUTE R OIS
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-

profile sonar
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X-3.58 FHU ORI
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WTEZHLOD, ZN HElTH D & 5 IRFERILIA
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DOfFEREIE, M3 YV —&xtgi L OiE#ED 2.8%, OF
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steel pipe pile

R-3.62 HEAEHII ORI

steel pipe i
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| hoisting
accessory I

wave-dissipating

[

bottom

sideways foot of
wave-dissipating
block

bottom

Measurement result of leg of block Measurement result from front of block

wave-dissipating block
2.0m

#Q

measuring beam

swing device

l 1.0m

swing device Wave-dlssupatlniblock

2.0m

measuring beam

A

mem
«——
rem

A

6.5m 6.5m

Top view measuring leg of block Top view measuring from front of block

K-3.64 R oy 7 OfER (£ M3BREE T2 v 7 OB T WA E X, 4 M3 RFRIZHNTNS & X)

(B M3GHIFRRY 7 by =7 EOFIR, T BEA A—)

tank

4.8m

y
4— H beam(20cm X 20cm)

fem

®-3.65 W7 = v/ OFHRER (D R R Top View

e) AR OFHARE R

RS THA L7ZIEAR 2 f80E LARMIC OV TR 24T
o7z, GRS ZB-3. 68 (2”7, F R AFNICTRARH -
DR ERE L O RIS Z5iE Le. B-3. 69 &l
FREZHELI-b0E Y. BBIZARFETHDITT
DULARD, WS OPDOFHDEE Y & LTEHlENTE

0, HEEOBIRITEE CE o7, 7T e v 7 Ol 1.5m 20m 1.5m2.5m
LIAEE, FEROMSYOBREHITRECTH - 7. Cross section

X-3.66 AlEA A—
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H beam

(in yellow frame)

Side view

B-3.67 HEADFHAR (3D &) Side view
B-3.69 AMOFHENRER (3D %)

) BEETRIC X D REHR

M3 2 X D RIFREOFHT — & FKaBEE OB R
Loi=w, B-3.70 ® X 512 M3 132 5 TxHEME 2 51
NHFAL, 206 0FHIEREZ EREbE IR ER

IR DI EEBEI LT, Shape measured
e, e e " by M3{1
mp, FERTIE, M3 T 1 BOHRE Lz, 54, M3 /O'I _
ar
BAIEICREL, H5HHNE M3 TG i, ) meaeements e
M3 DA EBE S CE I FHrbrRmzEitfi Lz, 2 ___' Sz
DEE, M3 OBRBABEZFHIL O FHE, 2 51 / : Tt
MO OFT — & &Ko — I VEERICER L, Ei -
HEhRTHER L. MHEWEHE T vy 7, ~ 7 v R Sharge Tf’a:s]t:red
L7 SIS Measuring range

HE 7 vy 71220 T 4 AL OFHRRERZ SR L
TbD&EBE-3. IR T. R, kT 7y 71250 Ty,
—HM 5 TIHHEKRT, LmE ol & IEERE O, V7
TR OB & DI 1L KD 3 A LR TE 72
2T b OB, BT D DFHIC & > TF TR obi Multiple sonars are installed on different
=R L o7z, ject position and measure overlapping ranges.

K-3.70 M3 EEAIZ L DRI HFREA A —
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View 2

View 3

View 4

X-3. 71
7z 3D FoR)

DT, KPR ETTT D8, X aheE
ELTEBEL LS LT 2581, MEWOEZELIC
FHicE D Lo Ic\mEINDL EBEABND.

~ Uy MERZ 3 1ADDM REZARLZLO
ZB-3. 12 1R F. —EBOMLEISK LT, A OdmEho —&
DN AREL 2o Te. 2 FMMLOFMIT, 1 2OFT
BEEHRTEX DL 91270, MEORMISATRER A b
bolo. 2120, 2ToOAITK L Tnsl OBk FTREIZ 72
LD TRV, SOIEFHIGTMEEST LT, A0
FROBHOFREMEN S HICEE D EHEHIEND.

g) FERFELD

TaT7 ANV M3 BRIFREICHAT S LT,
IEOBEEYOFEORBMIIIAHTHA ) LEZXD.
BE, S8 72 L OMEm=e, Wik ey 7, HEl, iRk%E
FHILZ5E1T, ZRoicshsTaEictimE v

T EOALENS 72 A B DRI T — 2 23EHIl S Tz,

7770, BEEEED L 5 ICERRITIH S W EFTIC fEE
WEBHT 2EARH T,

Flo, BEEVOIR, FHEOHHE TITEFERNETHS.

ROV T, FRCHBRO b O OF IR EE CTH -
Voo FT2, SMENE O V=Y L L BN
LICHLEBEMLETHD.

MM&T, BEF LS OFPEITY, 20T —F % HER
ADLETHHEEZIT) 2T, HBYWOKRE &, sl
R CTX DR EL 2D 2 LI L7z,

BB, RVATATIE, v~V ROWULIEEEBEL T
BY, EADSNDOREREEDN~ T R LICH D ATHE

PRiF/h &<, £, A EORBEEE) HE Sz,
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VAL g, 047 il A

 ————
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T — Y T S T ML
yrRoRY N
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View overlaid shapes measured from 4 direction

W7 a7 OFHEAER (B4 T 1 HEH5OHEITIRD 3D £oR, £ 14 HEH s OGR4 &

R-3.72 ~ o FEAIZ 3 S 52 L 7= SRS
FEASPLETIDERLELD

R HRAR 8 0B & 72 % (RS TIE, BIR 71 % I T
TE LIV AEE MO T vy FBRE T 5720
DT & ERIFRED 2D ORFIRE DU N TE 5.

37 F&&H

AETIE, AT MG HSEICEL, BEISARERE YD
THARFHUEZ OV THER L. KEOF LD ELT,
TROZEMIKF MG HEFICHE LS.

R IREER Y LT oW TR, BIE 2 < B A A B
HF D70, MET) o F DA~ a—7 5 & S
THHRET D, ERBIARMEEZEEL, BRESMAITHN
WEXEHNS.

IERB T L ICoWTIE, ANy RS &0
B I RE BT D720, EFEE R FOG (Fiber



Optical Gyro) & 5
- B IRH R Iz W TR, BR O FOG & #idb %
BT 27 bR V20T 5. 72385, FOG Bl
TOFHBNE, Mt FAOFENETE T, RU 7 MRAEL
5. Fio, HBERE Y CORHNHEER S HEIEATH D
t@/%X#ELé EWB, IV I T T T =TT
WCEARENKNE L 725, M2 T, IREOFEL 1}
6_&WBﬁ%¥ﬂ%ﬁ9M%#%é_&ﬂ%,UTW
XA DEDMER .
S KARLER T T oW T, TR A I A 4
& (SBL) #HW2%. 72k, b T ir— "EBEmiIfHC
WETHHOTE, KT L DM A XNAEL D720
BEHNC W EM 2 EE2RET D2HORRNLE L0 D.
S22 L, KBEF NS DWW T v M eiEm & OFHkE
FEICRE S BT L7120, BRERKEHZRANWD.
B, KIEFHOFHHMEIL, KREOEELZBET LD
BRI AT 2 & & L.
SRR EHRIE, SRR
~NVFE—bHOTa T AN F—E A, [FRFICE
BmRo~wo s RESFHIEIT > 2L L L.

KT UHA BT VA RATLDEBEELE /Ny
IR DAKEDE SEHAKEEREERER

4.

4.1 KATIUVHA T VRV AT LDEE
HIE F TICHRET LR 2 Iz, KPcBIT 2%A0
RIS EMER IR AT 9 72D DKT MG 215 5.

(1) R—2= O

KHIZHIT D MG ORERREIT O 12, ~— ZFEK
ELTHOBAET 2KPEEELMHEHT 5. ZoKkbH
BT H ST S =3 5 L ZX-40U ZKH I EE L
b TH Y, FBEPEORE & L T=H 200V —22k W K
FE—FE2HEHRLTND.

THEYyFAL N LTHEBR 7+ —2 77 7% L
TWDH, ARBR Tl e 2 50 2 FE0n 2 H/T
HD7=, 100mm O HAHZ 74— 20 757507
LTW5%. B-4. 112K EEORERZ RS

@2 BrdoRE

BECTRE L HITHONT, KPNy 7R TICHR
BT OBEDOMELRFTT 5. F-4.11KF MG HEDT-
DIHEH L bo—EE27R7. B-4.20r6K-4.912
KPBEADY Y RERN 2T,

LR~ Uy FESOFINTINZ,
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B-4.1 KhHHEER

a) fERHE

PR DR A - 2 RN oV TiE, K
Ry 7R L WATICAR D LD ICRBET ALENRD S,
Eiz, Ky 2R OHRICONT bRIET B0, T
EERRIC BT B BN D S . AKTAEIC BT
AR ORI 7 L—AICRE L (R-4.2).

b) MR W

ﬂ@%ﬁm%mowfm,m¢%w&$@ﬁ¢f%5
T—=A7p E, BB ET DHEEIIC L DB <
725 X 21T, BIAKEERITOVWTIE, iﬁ{tt:/v I kB ER
EERLTWAS (B-4.3). TR0 DB L 7235k
BT 2DMNERD L. AKFERIZBNTIE, 7T —20 bk
NEBERBEICRET D Z Lz, £, kbPE—FD
HHEEEREL, TAVINL TERANTKFE—Z15 Im

DLEBEL 72 GncsE LT D (4. 4).

c) KEFF

KIEFHZOWTIE, HIAR & BRI O — W TR E
ZDFELIT ib%u%ﬁﬁ#éﬁﬁkbfwé.%@t

O, KPBHIZHOWTIHE, HMENDS Im DA EIZESHT T
BY, BBERICRET 2 KEFHZOWTHHIE NS 1m
DESITHRDLIITHELTND.

d) Kpe=%
KHFE=ZFIZOWTTEEEFE D A 2 5 X ) ICEdE S
DRENDD. RUAT ATII/NE =7 % IKREN
b B & & L= (E-4.5,6). B{E{5 51X HDMI & L,
[l USRI HDMI 5% 100m IEE T D7D 7 A
T UG, BXOY, BEEMSMBEIND 100V R
WEEBIETSH AC/DC 2 N—F EZHFHELTND.



F-4.1 K~ o HA X AR Y

£ BE A—h— FHROIESE |LRBE FEARE
Efteo Y FOG-7402A AAMEEF |[EvFoif |+015EUT 0.038/%
SR Y HMR-3000 Honeywell SR #4.2E
KEE BWL-10MET HMEE BARKIE +0.15%ROLLA 4.9mm
KEF BWL-20MET HMEE FoKE +0.15%ROLLA 11.5mm
KepE=4 LCD-10000VH5 CENTURY MG WXGA 1280 x 800
HDMIZTHR T4 VE-814 ATEN HDMIZER Up to 100m #980m

B8 R E AL (SBL) TrackLink LinkQuest T E AR
ZAkA—Yt2H (T—L)  |GYcRS-605-M-WP3G120 YoTAR PUNZE +0.025%FSLATF
AbO—4t2H (7—L)  |GYCRS-750-M-WP3G140  |[HF &b V)RR +0.025%FSEL T
ZAbO—4t % (35 yk)  |GYCRS-750-M-WP3G140  |[H>TRb VR R +0.025%FSEL T

e) EBHFWATEMIAT (SBL)

PEOF M ZAT 5 SBL 1L F BRI 2 33 5 72
W, NTr—RE L NT VARV ZOMTHEED LD
LORFEELBRVWESICRET OILERHD. DD,

BRAR B T, 220, I FREEM N GATICRRE L.

) A bra—r®vY

BEIRBAEN A B A BIE 22 < FHIT 2 72, EAXE AW
FTEHRAOY =7 hE2EE L. ElKFITENT
AENER Y DIFET A, BiARMEICH LA E s, 22
T, MERRX he—7 2 Y E2MET Y 7 ORI
B L7z, £, MEERICEA 2 EABkI D 7o EHEMS 5 W]
BRENEZONDTD, B 2RHET OO EK
ERELTWD (H-4.7~E-4.9).

(3) HERHERK
A RIOFERIZ IV TR A S 22 5 O EEREIX 100m

L. B-4.10 12K 2 b OEFHROZHK % 7T

@) Y7 ry=7 (MG HTH)

MG (2B T A K E~DOBE R EZHET 5 720, BTER,

BiER, bE&RR, MERRORRFXERIELL.

K-4. 11 »6E-4.14 12 MG E=X i@z r~d. F£77,
T X BICIIBETRRE A TR S, IRALE & A E RS
A BEEMICEBTEDL LI LTnD. B-4.15 b E
4. 19 ICEHIE & MG £RE=H 257,
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4.6 AKHE= 2O ERS B-4.9 Abu—2rtr¥ (v h)

GYCRS RS-422 [ Strokesensor |
controller L GYcRS J
Magnetic compass
USB-Serial RS-485 HMR3000 o
i Cibbdadirsd == Fiber Optical Gyro |
FOG-7402A
USH USB = .
LAN Underwater monitor
o womi | Extender Extender te ‘
| PV Veg14 VES14 LCD1000OVHS
—{ 0S8 |
—
E OMmpass l_ \ ISfrOke Sensor I
= - \
| use-Serial \
converter ;

' Depth | }
WGA- gauge g
6708 | '

[ depth gauge tide level ][ deptmmforbacm]
BWL-20MET

B-4.10 FEERAERR & 15 Sk

B
5
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i tE  0.263m

IRFES 0. 104m

= 0.159m

B-4.11 EFoFRr

EEE 0.263m 2 0. 159m

B-4.12 BloFRz

AT 0.263m 2 015

H-4.13 FHEHOFR

X-4.14 Wi OFRR
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X-4.15 KIENBEREY

15.0m =5.0m 0.00m

10.0

X-4.16 JKIEEEREY D MG R

B-4.17 ik Ny 7 ICHRE I L%y

X-4.18 X5 MG FER



49.0m -15.0m 0.0m

1.0

Sctim 0. 783m
BHR%E 0.150m 2 0.633m

B-4.19 X480 Eikim OFRR

4.2 MEETORERDRHR
FIEICBWTHEE L72KH MG &2 HV, ki
el S ORE A FHAT 5.

(1) =227V —NEOEEOFHI
N 7V —NEE R REL, AEHERE 10cm [ bE T
Zar 7Y —NRIZHEARSH, BIRSE SR B2 CRHIL - (&
DOEEITHIZ LU, 3HINE, 77710 72808 28
T & T E 70D KO E N S T — R e\ N EE
EEAVTZIREE (X MU F RGO TR TE) TR HEfih
SR Tl —A% A 3 [BIEME L. Seii R 2 A AR I 2 B
-4.20 12, 27 —ha ORI ER LA R4, 21 (R T

X-4. 22 \ZEHRREER IR LT 57 AR T, SEiioRdss X-4.21 =27)— bl &R
T AR_RTOEICBNTUEE - 10mm OFPH (i KFLZE+12mm,

EHJRRFE+3.6mm, 2 HE(R 75 £ 4.3mm) (I ED H AR

ni-. 72770, b= NV AT —ar TEHAILIERBH s — — — Hitting at an anglel — — — Hitting at an angle2
31T, a7 —MmITFETIE RV Hitting at an angle3 ~ = — Hitting vertically1
— — Hitting vertically2 Hitting vertically3
@) SHOBESOE IT’ 5
SEAIRBRELC, FHHE A H O (B-4. 23) &L= i
AFHREAT o7, H AICIZALS 10em FINO HEVESHTC Eles
BY, BICO ST RIC DA S AR Bl Ll LT, B P
4. 24 \CRHAR DA T, FHAE, T CHER S T — A R T
B TS 72—, FCAs 2 (8], SOICHIRICES AR “Q
B2 & DR B LD & 15 5D B S CRHI % 5002 Ser
Slags | R, B4, 25 1S3 AR, iisko= £0.03
LY — LT, B AR i B (K35 -49mm) -0.04 ; ; ; ;
2.5 3 3.5 4 4.5 5

Lo TRY, FHTHERI LSO RERED 3.5m 705 4.4m £
IR NT, FHRANORRENREVERE o7 ZOE
RELT, iz Le CTBIckt gLz H BN EA K-4.22 MG (ZEBz 7)) — b etk &
PPHRICEBLDEE LA,

horizontal distance from rotation axis [m]
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4. 23 Hfiborf S (H TUHH)

R DL (H 2L )

= == Hitting vertically|
(Impulsive)Hitting vertically3
ssesse Hitting at an anglel
(Impulsive) Hitting at an angled

— /S

w— == Hitting vertically2

Hitting at an angle

, -
Lm

measured height

600

590 -
580 -
$70
860 4*°
550 -

540
$30
520

510 -

500

2.7m
horizontal distance from rotation axis [m)

RS S (H 7Y 8)

R-4.26 FHHEADL (25mm $4R)

FIT, BB ELRWEIREZERDZET, ZH (FS
J710) OEACIZ R DRAZE DM ZRFET 5. FEBEI .00 3m,
3.5m, 4m, 4.5m ONLEIC, BS 25mm Sk A B X, £ O3
Z 1 KD 5 BICE bS5, BEIRb—2 L AT — a3t
BEE Lz, 30— A TRTEi L ARk LTz, B-4.26 123
TEEOWR AR, B-4. 27 ([ZFHFE AR

ARy N TRENY TR OB ZED L+ 0. 7mm, 1
(R E£2.6mm Tholz. Ny heBWIREETY T
B OREEDFE-3. 1mm, FEHERFZEL£3.0mm Th-o7-.

ZOFERDD, BEINELIZHE (25mm 225 125mm D
100mm DHFIF) IZB W THIREIIRESLH LN LD
otz

3) Lo

HEEE LT K MG ORSEEREET D728, Ny 7R D
IETAIWTIE O f S A BAE GRISRE) & Eiged 2 ook R,
EE L. B, BEETIToB A E LT, ko EH
FHMAKFCIEREECTHD Z LD, PIMERLE LT
fe ECiTo7=72Th D

b EiC B B EHRRBRORE R E U TICRT.

o Hse ks EERRBRIC B TIE, 200mm D H B % %7 52 &
LT, TOBREHBILEZ., ZofR, kKkEE
10.3mm, FRZ O FEYIME T +6.02mm, 1R Z= £
422mm Th-o7=. £72, 25mm DEFE S DEWNITON
TIIFRE TR Ch o 72,

ERROFERND, TROMBEENIHET 2LEZND.



® Hitting vertically1
Hitting at an anglel
mT/S

B Hitting vertically2
Hitting at an angle2

B (Impulsive)Hitting vertically3
B (Impulsive) Hitting at an angle3

140

—
L3
(=]

—
= o oo D
(=T = = =

measured height [mm]

[
(=]

(=]

!Jmmﬂ

Number of stacked steel plate

a) horizontal distance=3.0m

measured height [mm

[

™
-

Number o'( stacked steel plaic

1 j 4 3

¢) horizontal distance = 4.0m

measured beight [mm)

140

120

[y
(=]
(=]

80
60
40

measured height [mm

20

2 3 1 5
Number of stacked steel plate

b) horizontal distance = 3.5m
140

120
100 4

2 3 4 <

Number o} stacked steel plnt-e
d) horizontal distance = 4.5m

®-4.27 JelmBEERat AR (25mm 8450

a7 Y — FROHIR R E O D 2 & Hei LT, g
FHURFICIIRRZENRE <> TRV, TOERFLL
THAR O R MRS BELIZ LD LB BND.
XM E LTEBFEOREEEREIL, EAd 5
BEREZLND.

4.3 FEE Ky U TOREREDHR

(1) BN

K MG OEMIZANT, BARMBFEMR kL
HHETOr— Y VEYER v 7 (B-4.28) 1280 Tk
EBREITHo 7=, 708, HWEIE 100mX30m, /KiEIE6.0m T
HEKZMH Uiz, Ry 7 8802, BEampiko~ 7 M
MZRE Lz, ~ 72 N, BB ICRE L,
RO K E EP 20m X 10m, KK 150mm OF|A THRAE
L7z, K MG 2Ly 7Ry Aefeima it s
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Mg S 2 FHT 2 EBRE1T O . R MiT~ v v R
L, B-4.29 13T KT 3l adRE Lz, MRl
T2 BT FANOE AR K 25 ZTT > TV 5.

X-4.28 BHHHT D
BER Y 2

R T HEEEIr— Y v
(R Ry )



e
)

g
o

e
b
Il

=TS

o \{G

measured height [m)

e
[
I

=

o

W"’-"~.~‘\l""

0

—_

1 Zhorizsontal“dista;ce [nﬂ
X-4.30 BAMZER

-

8

et
o

e
o

&
s

measured height [m]

e
o

2 3 4 5 6
horizontal distance [m]

B-4.31 C I#RAS R

2 3 gl s 6
horizontal distance [m)

’

Y

B-4.32 D HI#RER
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(2) FBRAFER

B-4.30 725 B-4. 32 ICEHARE R AT, Aeds, REENIX
~ Uy RERIO TR O S OFEiZ2 R LTS, £
7o, RIeOm SFHAOMKRE, FHIRCEEIZ A E
7oA, BRARIIEHAIL T,

PLUFIZ A BRI E 1T DK H MG 5HI & AT - 72 &P T o k
—H VAT — 3 VA (T/S) Z Bl & Lz &K+ MG
DS Z R T

B I SEXWEEA3Imm {751 7mm
C MK EYHEE29mm  f7E+28mm
D HfE  FEHEEE2TmMm {F7EE29mm

FTARTOBPFRIZIBNT, FHIZh—F VAT — 3 v
TEHLMEELY, Kb MG OB X 2 FHAA E O
Pllpolz, ZHIET U XAR—NVERNEN-TEY,
MG OEflEHAIRE D H S L v <, #eaoRE%EOE
LEHILTWEE0ThiEBEZLLND.

22T, EBRTHWESZ T 7R H#MoRD 0 ICEEE
THEHAIND ATy N THEEMIZ L 25 I GRS
THET 5. 20L&, N7y MEE QR EEAECTEHIT 2
BE, TOHNOREROEIBFHENFICHET
LMENDHD. Ny NEITE % 60cm & L& &, N7
v MEARZ X 2 K% MG CoEEEFHANE, 4Bl H 8
L BEHARER 7 RORKELE 2D,

=2 VAT — a3 (T/S) LKF MG D7 HEDHK
fERLD*EE2R-4. 212K LIz ZEZFNE123mm, 16mm,
19mm & 720, ZEREMTB NI EZEE LTV 5+32mm
PARICILE > TWD Z ENFERTE 2



£-4.2 Ny NEHEICEBT A2EEEEEHE (B IR
EHAIGLE EHBNEm] RAAE[m] 243
mll 7/s [ MG | 1/5 |;MG 7
00 0.142] 0.169]
0.1 0.132] 0.170
02 0.14] 0.171
03 0.157] 0.169] 0.157 | 0.180 | 0.023
0.4 0155 0171
05 0.144] 0172
06 0.137]__0.180
0.7 0.149] 0.180f r
08 0.148] 0.180
09 0.164] 0.161
10 0.158] 0.165| 0.164 | 0.180 | 0.016
11 0.144] 0169
12 0.132] 0175
13 0.138] 0178
14 0.142] 0.195[ r
15 0.165] 0.196
16 0.152] 0187
17 0.145] 0198] 0.179 | 0.198 | 0019
18 0.135] 0.193
19 0.137] 0165
20 0.179] 0183

(3) HRWAK LIS 2EeT Y ik

KRBT I THRARAE 21T - T EEEAR LIS L,

FEREBL G ARE S IR, B KL UMRRENETE
DEALZLT ) ZICLVRAELE.

a) PR
EHREE = X OELEIZ DUV T, BUR % S 22 W BT
HEBLTIELY (F-4.33).
ARSI BT TR D, Wik & EE X (L
) Z[FKFIZFRR L TIEZ L.
SRHIERERRC, N7y R A DA =Y
ERr<w Ly RIZEDIT% 9 TR b,
BEIRAMEIE L TWADIZ, E=F RICFR &5 BMA
MENBE L TWD. (3K RSB & o 5
BN ENBE L TS THhorz.)

b

=

HeRehL R DL

Ny NEE BRI o TOWBDNEELRO T, £
AT Y ML TIELL,
CESHICRRINTEY T A=V THYTEHYFE
FERENTZRTb» D T oz, BAKFEO= I 2
=—varyY— Lt LT, IRXLFVRETRIND
LHENRT RN D LiLZ.

- Kkt MG THRRT DRET — ¥ 2ERRT 2 E¥ED T
72T, REPT—FERSEE Y 7 R L.
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| Toxcrn—SHIRRARL .

X-4.33 FBEJENS BT =X OE

(4) FHEBEISIZ BT D MRS
K MG OBUGEISIZWT, EHICBRT 256 0E
FSSRPW B AUC DD THRET 21T 5.

a) Abha—r%v o YOEE

FEBL THREIT SIS v AR T 0.3m3~0.8 m’
EREIE Y AN, B TATHA—I—I2L-T
FA4 AT a  ERRDIED, F—HETHINIREEIC
Lo THE IV ORBRENFEET D720, NEEFRIC
VBT BRI X R A S RN T D LR B D .
FEWESYV UEADA M= ELERD. TDD
A ba—7 B&EFHNT 2 FICONTHBRENMLET
H5.

b) Ny hA br—2r B FoRBE

AEOKFMG THEH LEBERA ha—7 &3,
VTN A DERR L BREEICHIFRETH L. £z
BRI 70 FTEE A B DAFTE L eV d, m—F U —
T a—F L Uk G EMTH D,

LinL, ¥V o MIEICH T L CRRET 5% & 722 5
Z D, T—AEPY R ATREESRSTIE D T A BRI,
HECE A~ U v NICHEALT 2 TR & 2 LK LDy
SIEfNH o 72

MEELT, Ay M) 7 IEICERE R RET D
BENB XL OND.

LR oY, EAMNEEEZBRH L TV D70, il
HIME CHREOME R 22 COMEE R L T LE S 7o, &
ESE DI OOFERR (BE) NHETHD.

(6) £&

A MG ERMLICEeT o MGE L LT, HEIBZE P AT
FERDBETA T KB Ny 7R 2, RNy 712
BOTKFRBRZ FhE L7,



< KHPICRRE L2 BEET AR ORI KT Ry 7 R 5. KATLUAAZ U RADEIFEN
RNz s, TOREZRIELIZE 25, ED

I BEEE O £32mm (2L E 5 7z, 51 FRERKMRIEIZET 5K NG OE
CTRTHHRUCEBNT, KH MG O X 5 FHIE A ECHE 2R L2 KT MG 2 ETFCTHA L, i
TR EFHANE X 0 R < FHIl E . R RBA, BEO, mEEREIC T 7o HnEe R 2
W22 L2 L LT, ETHEIGAREZF Lz, W
F7o, KPERROHEREKLICET Y TRELT BRICHWD K Ny 778D (TKM200-9) (3 TH T
VY, LU O R A 1Rz ENTNWD 083K T ATH D, LHEITMBIEE L EH
OBk X TEM Sz (K-5.1).
- HEEAHE T = X OFRENLE (EHERERIHLT D) KFR Y 2R T ~OKF MG DY ki & F-5. 2
Wi & R ORIREER (V7 b O E CTRHLERR) R B, KRR TIE T e T s ALY TR LR
s A M= & Y OE (PRI E IR FTkF Dols. THITEMB A~y REUELELE L. 7277 L,
ALFTHE) ETHETHDD, M TEEICHIBICHE L 5 2 e
Ry TR TIEEIEL T B 002, AKEALE O FHAlE 5 K5 O L7k - i LFRIEZ AL LTEY, Filio
DBET 5. (SBL OERREICKFEL, KETER TRV R K HIC L 2B EEEMML TV 5.

WTITLELTND Z & &)

X512, AREERTHOWEZAKFTMGEZ0.8mPY 7 ADE
SIS T DO EE LT,

c A ha—2 o ORERS
AEBE IS DNy MAEFRIE ST, BER &
OV & 326 L 7=,

B-5. 1 FRIEVEEF ORI

PRS0 R AW || kTR AP ERAQ

e

BEE AT
Fiber Optical Gyro

S A6 (28R : AEST

B-5.2 AKHiSw2ky (TKM200-9), BE, o HE
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ARROEMIZHT2Y, FitHEE AT LT —H I
BT HVERH D, GPS E T RICHANLRD D
W, R LA HREE R (R-5.3) THDHM, i
T— XTI EIER S % FEHE L LT B ERER & 72
5. F72, KE MG TERAL CODEER G IEREA ST
MZ+Y & L7mEREETH Y, BEREEOEED
MNBEFEETAMG VAT L —hVEER (H-
5.4) L LTW3.

I I, HANLE (XY F¥HE) i3 % SBL OKHL
B X, FT U ANERE L T AEEBROME
JimZ 0 FE & Uiz — VR (-5, 4 f#%4) L 720,
F 72, TKM200-9 O FAnid iR F etz & v 4 272
W, Wbz 0L LNt hans.

FDI=W, Ny 7RI EREIZOWTIE, BNTAL & R
B A8 7 R D 725510 K 2 R (RldR) 21759 & L,
Ry IR AT DWW TIEREAL & IERE A T MOy %
WIET2Z & TMG Y AT A —H LS RSB 5.

FTRNy IR TOES GREHA) 12O T, IR
HE LK K VR L TWA. Z 2 CTRfIC L -
TEACT DWNLICH L CHIEZIT O LERDH D728, 5l
REEEN DAKTRICERE LW EAAKERHE Ny 7R D
KIEFOESC L > TRHIEETTHY 2 & & Liz. A8, #ifL
FHIEHZKEFHIZE L 723 i 0 72 O BERR Bh ik s v Pl o>
T—F U TEICERET DI L & Lz, E-5.5 (2R R
AKX (-10m) JFRE TR DKEFRE 2R

outside of port (+Y) <= = Inside of port (-Y)

longitude %%\ North
latitude

underwater
excavator

e mo““d

[Global coordinates

Direction (110" ) measured

by magnetic compass

B-5.3 ftAEEEER

(X o> f4 B2 1 3:451)

Origin of the coordinates
(is 11m from corner of
caisson in the Y-axis

wi

,— : |
caisson o

mound

Direction (110° ) measured
by magnetic compass

?Y*- X+ right angle to normal of
—> caisson is defined as 0 of MG

Coordinates

i North
Direction of SBL

direction.) | /22° (225°422°=277°)
i coordinatesof SBL /! / SBL
‘ ; 7 =

\i\ Direction of backho
(110°+22°=132°)

]

B-5.4 MG ¥ A7 LJERER (Mo L)

@ cope level
Tide level in Hirara port 3.465m
- LT S 5 G5 G D SR SR G = - 7N—
DW.L(=0m) A |
T s g ®
gRE (g8
Height of excavator =———————t—# 520 3¢
(-9.9m = - +91m a 8 g @ ;{*j
=9.3m=-1.1m) dl, ] & 2
© m (i 3
w0 E;: 0 :l;
(W .
3 8 ;
Depth gauge for tide level
| Depth gauge for excavato
/;\Idnsuts'lled helgfht of 3 Helaht of fool
; apth gauge for eight of footin
Planed height: | exéavagtor 1.1m g 9
10.1m £ 0.1m g | Josm

\

Origin of excavator

”

| Unevenness | 20ecm

B-5.5 SERERAKMK ((10m) BEETHICEIT 53y 7 &R UKERFBEFRK
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Z ORI EFHTBER S I SR I i LAEE B & AR
BN TE RN, BT LA NV EYa—LENL
EE¥EmEDT AT A PC LBIEEITS. B-5.6 171
A NYEY 2 — BB LN K ER 2R,

B, TDORBARSTEAIIL, A7 b L | S ———
flEE LCANT 2 HE T T 2. B-5.7 & -5 8 (25 :
ISR | Y/
SO DRMEIEC, REHEE D AR T i :_l"'"‘ﬂl‘s
W, K MG CHET % 7 — 4 &R L. B6. 9 1ok LIy \. B »
MG FRNA %, E5. 1012 = & ~ D Fm i AR /e igeeaN EE |
5. B-5.6 WHIAEHT LA kU — A7 ABYERBIRIL

5.2 FRHBRKBERIEIZEITS/KG NG ERRER

LI, FREEEFEKMX TR T % i 5 E ik
&Y.

PRI E T 2N KL G O ACEALE R o SBL &
REHO LT o —ORPLE -5 1118, BEEICEY
FTe 8T VAR ZORRT #B-5. 12 12”9, F£7z,
KRy 7R EERMOI L—THRAT IR ER-
5. 131z 7. S HIZERKEOEM LITHE L7 SBL &
T PC & £ TAKMG DBWEIRIL A GR35 7o 1T
BB E =2 LR CNERERINDE=FDIR
MER-5. 14 (R, AT, KETOMEERILEZD
B O JEHRJE D MG FH DFRE = F D2 RK-5. 11 [ TR
7

ek, ARBL, ETLFEOEMICHE TN O
ThHV, KFMG DDt FDERIE 7 & itk
WEENE L7228, 20 ROBELTFMT27-00E
OEDOFHARC, IR O IEY ~OBEihE X5 L
TRV, ZD7, EBRTEHLN D REITRE TRT
TV TRERERD.

F7o, KRB 1 BEIEOHEABRAER (201942 A 6
) ICEBLTEY, ZOBEOREFEHES PC HAEIIHEE

K.
ZEWHATI R S Bk & 7o TT 072, 22T, KV AT B-5.8 WINLAHIE A RT 0O R% R A
LOEMNBIEEZ B L LT, 3 B HOHEARARL (2019 44 : -

S

2 A 19 H) 12, TKM200-9 5#4 A+ 2 LR B
MCTAKF MG AT L L L. ZORE, WAL
HEFICHEMESHEAL TR Y, EEEEMRAICONTE
HRIFFRE Th 5 RS EMTIEELRITHI FRTE L.
ZOZEND, BRVAT MIFEHEEEZITH & TRHA
e Tt M CHEHARThHDLEF XD,

L—:-q--pssf“”

B-5.9 K MG FRHEA
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-5.14 & L=

®-5.11 SBL (b T 3—2%) EIRM

B-5.13 AR
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5.15 KSR

®-5.16 IEfEFEO MG E=4

5.3 EMREEEICEIF-EEaimE
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