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Real-sea recharging confirmation of underwater robot with dual-cameras and
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Development of autonomous docking control technologies that enables
automatic recharges of batteries for the power sources of underwater vehicles has been conducted.
The experiments have shown that the developed real-time 3D-pose (position and orientation)
measurement system combined with AUV controlling technologies has abilities to make the vehicle dock

to the simulated docking station in real Setouchi Inland Sea. On top of this result, the docking
performances have been confirmed in the environment with complete darkness and mad surging condition

representing the deep-sea bottom circumstances by using self-lighting 3D-maker developed in this
research. By expanding the resulted real-time space perception abilities to measurement of swimming
fishes, new measurement method of swimming fishes® length has been achieved.

SDG



1. WHERIR LI OE =

AOkFcs LChe EE TRd) EFES) Tt GPS HEREZ WAL ERE M ATRE T 5 A3,
K CIXBEE DB WO TH D, EBHR TN X BB A — FVEALO
FETH O KT OFHUEMIRA TS 5, NEFITEIEH A ) X— 3 VAlET 1 75 L(SIP)
AR E TR AR A H AT B 8 S (B 3 Yk B M AEFHED 258 E L, SR8 G & IR A B A A 22 B
FEBARE LT, KIE 6000 A — ML TOHMBEEMEZBAEM AT 2Ry FAUV:
Autonomous Underwater Vehicle) D Bf% & SEyk LRl 4 H45 L7-5tEICTH 5, HULFREIT,
PO ERBOEEMEFNZ 7 — RNy 7 LizKF e Ry AL — 7RO 2 e L O
Ky ZHIEERTH D, WREETO AUVOBE Ny X7 L BEFZIEL, HRMICHET

Fo& J8

ERATEE GHATEE
FRRERBHRE TOHRE N X T EIE
(BIRIEEO0.01x, HE14.5FTUR)

HLARERTH D,
2. WHEDHBY

TRIETO AUV O Ry & o 7 FEEFEIEREIT, (AEEPE2720, (BEELERE, (O
Ve Ly REEREL. (D)RIEEASAN, B)mERE, 2 EOMBEREZwRT 2081 D D,
AWFZED BEYE, RIBIE THBEE ATRER MBS AT LOWME & T TOFREBIFETH Y |
MR, Vi R 7 LR PRI
Z A[RE & 95 FRY AUV OZEMHIEHAM OBH%E - AL TH 5, EBRUTEFRTO HERRINTFERCR
ZRTHDTH D, WIRERBRE N CEREE LIPIRETOKT AR Y b O E L2/

HARRIZIE, TRIFEREICRB O TRE ., 8,

EHATER HHATEE
kX I

mER— L
%

HmEH A TEE

FHANZARZ L. AUV OZERINE ZEVEIEIC R h LT Z L 2R LT 5,

Eve—vergence System

I Eye-Vergence AT AIZKYM R E LY ZKERAT HENTED

BERNIT AV AT L

(a) Smaller possible
sight area

Eye-Vergence ¥ AT L

<

o4
(a) Bigger possible
sight area

{0) Not in the center

(b) Cannot be seen when the
object near to the cameras

(b) Can be seen when the
object near to the cameras

object Not quick

==
le! T
camera ' cgmera

fixed fixed
(d) Cannot track fast
object

object Quick

D
e aSe
[V

£
(d) Track fast object by
camera rotation



AFLF
¥Ya

F o X J8H

EhASEE HBhAIEE BREHR— I
FoXLJtk Hr 15

EnxSER BHhASER ®KENASERK

RERRBRHBS TORE D £ S EIR
(RHEEEO0.0 Ix, HWE4FTUR)

3. WrgED Sk
REEHE M B ICEIB A2 2Ry FORIEICFHIHAT A2A T LA EY a v EV 27 b —R
Z Ak AIFZE L, BhE{G 51 [30 i/ RO IZEIL D 2 & 72 < 3 IRTTX G DISIRGETR & 7 & L2
FHAZAT O M B OFHAGR E R Z MR L, BELIZEY 2T V7 40— Ry 7 Hilflic X o4&
FaRy hONY ROMEZRRGHIEZET Lz, SOICHRIEERT LAEY 3 1285 3
mIFﬁ LIS S REALHIBENC I LTV D, ERIIWREGEE S 27 L —R DAY v b
. WRAFZEMAEILSKIERTEDAY v FEBRHALEZLOTH S,

4. RFFERRE

B St e OFRFEE LT 5 & & iz, BRI E 2 W7 —~ O 2 D 7=,
BFZEHE 2435 D3B3 L 7= SERERETEIR 3 /)’L(fnjﬁi 3% (3D-MoS: 3 Dimension Move on Sensing) &t
BWEEE 2 FIFLETA OMATARK T e R > MofEHE L, BERA SRR 21T - 70, 2021 411
MREHRAEOKT Ry Mara—4, IAT2H, Xy hU— 7@E/XTA%%ﬁL
HEAKF AR b (AUV) Z1ERR L, AUV ARIZRRE) LT-, S B2 AWV 2V Ry o 756
WZRKED LTV %, ERIE AUV 23 NHESEEIR C Ry 0 VEGEEBR 21T o Tk F 2 R LTV
5, WK TO Ry X 72 BE L CREBIERRE CTOERRTH D, Ny Z#EEN, Kh
AT —v a MUOBERFR—MTHASN TS Z LRI N5,

S BT 22 IR ﬁ7m77A@FmAm(7D77A/7B@A~F¢17ﬁ% L DEITEAT
IHD) IZE T, ZERFHFFRIGE 2T 2R A2 1TV, A28 52 B8k
T EENDT, S, FIUWERFHHFEEZRE L, IR EFFELT,



9 9 8 9

Horng-Yi Hsu, Yuichiro Toda, Kohei Yamashita, Keigo Watanabe, Masahiko Sasano, Akihiro Okamoto, 27
Shogo Inaba, Mamoru Minami
Stereo-vision-based AUV navigation system for resetting the Inertial Navigation System error 2022
Artificial Life and Robotics 165-178
DOI
Yejun Kou, Yuichiro Toda, Mamoru Minami 27
A new method to estimate the pose of an arbitrary 3D object without prerequisite knowledge: 2022
projection-based 3D perception
Artificial Life and Robotics 149-158
DOI
, , , 32
3 3 2021
177-191
DOI
’ , , , 32
2021
163-176

DOl




31

3 2020
145-161
DOI
10.2534/jjasnaoe.31.145
Horng-Yi Hsu, Yuichiro Toda, Keigo Watanabe, Mamoru Minami Vol .25
Visibility improvement in relation with turbidity and distance and application to docking 2020
Artificial Life and Robotics 453-465
DOI
Yuichiro Toda, Hsu Horng Yz, Takayuki Matsuno, Mamoru Minami, Dalin Zhou Vol .25
Adaptive evolution strategy sample consensus for 3D reconstruction from two cameras 2020
Artificial Life and Robotics 466-474
DOI
, 54
2019
821-827

DOl




Khin NWE LWIN, Myo MYINT, Kenta YONEMORI, Naoki MUKADA, Yoshiki KANDA, Akira YANOU, Mamoru 12
MINAMI

Dual-Eye Vision-Based Docking Experiment in the Sea for Battery Recharging Application 2019
SICE Journal of Control, Measurement, and System Integration 47-55

DOl

9 0 9

Horng-Yi Hsu, Yuichiro Toda, Takuya Monden, Keigo Watanabe, Mamoru Minami

Repeated docking/releasing experiments utilizing current-disturbance-adaptive undersea system

27th International Symposium on Artificial Life and Robotics

2022

Jieyuan He, Shiyu Wang, Takahiro Nitta, Yuichiro Toda, Mamoru Minami

Efficiency and improvement of parallel calculation structure in Field Programmable Gate Array

27th International Symposium on Artificial Life and Robotics

2022

Fumiya Yamaoka, Renya Takahashi, Horng-Yi Hsu, Yuichiro Toda, Mamoru Minami

Installation and Experiments of Visual Space Sensing Underwater Robot -BlueRov2-

27th International Symposium on Artificial Life and Robotics

2022




Shiyu Wang ,Jieyuan He ,Takahiro Nida ,Yuichiro Toda, Mamoru Minami

Shortening calculation by Introducing Field Programmable Gate Array For 3D Space Sensing

27th International Symposium on Artificial Life and Robotics

2022

Yejun Kou, Lujie Wang, Yuichiro Toda, Mamoru Minami

Space sensing system using photo/projection combined method

27th International Symposium on Artificial Life and Robotics

2022

Horng-Yi Hsu, Yuichiro Toda, Kohei Yamashita, Keigo Watanabe, Mamoru Minami

Stereo-vision-based AUV docking system for resetting the Inertial Navigation System errors

26th International Symposium on Artificial Life and Robotics

2021

Siyu Pan, Renya Takahashi, Jincheng Li, Yuichiro Toda, Mamoru Minami

Expanding the recognition distance using the Model-based Matching method and the 2D model by zoom cameras

26th International Symposium on Artificial Life and Robotics

2021




Takuya Monden, Kohei Yamashita, Yoshiki Kanda, Horng Yi Hsu, Yuichiro Toda, and Mamoru Minami

Successful Repeated Docking under Fluctuating Current Disturbances in Real Sea

OCEANS 2019 Seattle

2019

Hongzhi Tian, Yejun Kou, Takuro Kawakami, Renya Takahashi, and Mamoru Minami

Photo-Model-Based Stereo-Vision 3D Perception for Marine Creatures Catching by ROV

OCEANS 2019 Seattle

2019

(Toda Yuuichirou)

(70806083) (15301)




