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Fig.1.1 The Seabed camera unit 1 is towed
underwater to the installation location, because it is

heavy(Nov. 2018).
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Fig.1.2 Sargassum horneri seen from the seabed.

The Sun and the shadow of the authors seen are

reflected(Feb. 2019).
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Fig.1.3 The seen of the seabed in winter. It is highly
transparent and can be seen to the depth. There are

algae in some places(Feb.2019).
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Fig.1.4 In summer season the sea is clear green.
Improves the sharpness of the image can be taken

by the dashboard camera (jul.2021).
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Fig.1.5 The autumn sea has a lot of turbidity
and low transparency (Sep. 2021).

\
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Fig.1.6 Transparency improves as autumn
deepens. The green color of the sea disappears
while it is cloudy (Oct. 2021)

1.7 A5i3EE E < n—"nEm TR S.
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Fig.1.7 In winter, the mooring rope that

reaches the surface of the sea far away
(Dec.2021).
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Fig.2.1 The outline of the seabed cam unit 4A.
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Fig.2.2 The block of the measurement functions of

sea bed camera unit 4A.
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Fig.2.2 The top view of the sensors of unit 4A.
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Fig.2.3 Camera module for the unit 2 has fisheye
lens connected to the Raspberry Pi CM3.
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Fig. 2.4 The unit 1 is much sturdy but heavy.
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Fig. 2.5 The unit 2 and ROV. The unit 2 can be seen
under the floating ball (Feb. 2019).
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Fig. 2.6 The check valve and its metal cap.

Decompress when closing the lid.
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Fig. 2.9 Six solar panels are installed in unit 2.
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Fig. 2.10 The relationship between power

generation and depth.
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Table 3.1 9-axis Attitude sensors.
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Fig. 3.1 Horizontal Rotation Table with the sensors.
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Fig.3.2 10 rpm.
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Fig.3.3 120 rpm.

GYRO [deg/s]

GYRO [degis]

GYRO [deg/s]



Z D & %, BMX055 & > TR & A O FHEI
EiTo7z. [K3.2~3.4 [ZZNZOREEREE T E
L7236 ORERE L O HE OFHIFE R 2R3, X
3.2 XA DS 10rpm DA T, BT — 7 /LM 1
MElET 5 DITIE 6 B0 12 FC 2 [iE L7214, W5

Z2 MRS, MR D x & y HORSy &
L&, FRO XD REMAEAIT T2 Z LBy nD . Fz,
DT T T HROERRL, 2 ST O FL R A
DT THEIZLZLOTHY, FOLFILY, —EDHE
FEC2[Efs (720 ) L7ctk, WICEERL 0 EIZR D
WD, [FERIS, X303 (X EHESEEE DY 60rpm

BAEORERTHD. ZOFEBRFETIE, 10rpm D 6
fEDREREEE CH 523, 10rpm DA L E U<, Higs
D x & y F Db EEROEHEN /300, &
7=, O A VB L 72 BRI, 720 FEIRIER L7-1212, 0 )
FTRSTWAZ EERLTNS. 3.4 1% 120rpm
THEE S HETH D0, KO x Hh s y Hn
DRI TIEZ2 <, B L2228 5 b MO
ZRLTW. 2, K31 (R LeFERER T
B & EHAT — 7Tk UIERIC R E IR E LTV
BRI, ROBEZ 2722 ENEZBNS. =
O DORERD G, 60rpm T2 O [RIELEE CIEHIER, £
W D FHRE R 2 DTS B 2 HER T2 2 & 23 ATHE
TH O, WED A TIHW UEBEZWET D 2 L I1xn]
RECHD. E7z, TOERKERID, BEZE~DHY £}
FIZER L, MBED A TSRO Y« R—FaeZD
FEHNTHET 5.

WIZF 3.1 IR LT, 2 o0 O 2 HlE$
5. [X3.5 OEEEEEHAWTX Y, Z filizZ - Ei

WKEZ L CEER S E7ER R A 3koc 7 m v b
% (K3.6() (b). TNENOHED Y OHIBE NS
RV O el d T 2 il &, (AEFE R D £ 0 Z (a5 C
W5, LSMODST i34 7 & v R AR E <, 7 fhEER D
& R DM OFE RAZ LA~ AERE R HEENL TV D
J7 BMX055 CIX 7 7 012 D S i RABKE iR O %
B> TWANFERNLOAF Ty hEid/hEw. 8
FEMRZRIEMIC 7 ¢ v T 4 7 (3. 1 &4T0, B A
7y bEEZFHMLIAERER S 7, & 3. 21TRT.

X 3.5 & MRS

Fig. 3.5 Horizontal rotation table with the sensors.
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Table 3.2 The results of fitting to virtual ellipsoid.

AETEH LSMIDS1 (mG) BMX055 (nT)
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HHOL R AZE X -178 -8. 79
LA ASE X 193 -8. 48
AR S 588 33.3
\ACESE 379 41.1
AR S 339 18.6
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Fig 3.8 Relationship between the camera screen

and the attitude sensor (Unit 4 A).

N
¢ (Roll)
& (Yaw 0 (pitch)
»
HhEK 77 ([ HIZ%H

3.9 7 v — )Lk DUREE T A T D LB

Fig. 3.9 Roll, pitch, yaw on global coordinates.
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Fig3.10 A measurement result on 23 Dec.’21.
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Fig. 4.1 Stereo matching with the checker pattern.
BoNTNRTA=2 W THIED AT THRE L
e AT VA B A A IE Lo #% CHAERG & Rk L5
WETOREEZ RO L. FRO—IZK 4.2 17T

uerr & RIGHT

(b) BERLIzEf%
X 4.2 27 LA BEHEROH

Fig. 4.2 An example of stereo reconstruction.
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Fig. 4.3 Image processing software are developed.
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Fig. 4.3 Tracking a aquarium object(submarine

model). The rectangle frame is the tracking area.
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Fig. 4.3 Mask R-CNN object recognition network. The input image size is 512x512 px. The output class is 2
(fish , jellyfish).
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Fig. 4.4 A snapshot of the image recognition of the main aquarium on the Research Institute of Marine
Bioresources Fukuyama University. The left image is original and the right image is recognized. The recognized
areas are filled with green. The red circle is the misrecognized rock pattern.
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Fig. 4.5 Another snapshot of image recognition in early morning. Recognition from low contrast image is bit
difficult.
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(4) W)IIcoEMAFER (K5.2) Fig. 5.2 An operational test in irrigation canals.
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Fig. 5.3 Observation experiment performs off the

coast of Innoshima island.

BJ5.1 1 5k REUKIEEER
Fig. 5.1 Sea bed camera unit 1 under water leak 5.4 WEFEBRBUG & RN~ v 7

test. Fig. 5.4 Experiment area map of Innoshima island.
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Fig. 5.5 The seabed camera is submerged in the sea
using a weight with multiple ropes. The rope is
connectied to the float on the surface of the sea.

X 5.6 WEELD A T OREDHKA

Fig. 5.6 The seabed camera sinking into the sea.
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Fig. 5.7 Burst and flooded into the container.
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