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Currently, various underwater robots have been researched and developed for seafloor surveys. The
purpose of our research is to construct a system that recognizes the power supply equipment based on
the information of the two cameras attached to the robot, and automatically charges the robot’s bat-
tery. In order for an autonomous underwater robot to act in an unknown environment, the robot itself
needs to recognize the surrounding environment and estimate its own position in the given environment.
For that purpose, a method called SLAM (Simultaneous Localization and Mapping), which simultane-
ously performs map generation and localization, is required. In this paper we proposed SLAM based
on Projection-based 3D perception(Pb-3DP). It is expected that it will be difficult to acquire visual
information because the actual seabed is in a dark environment. Therefore, we constructed a SLAM
function by making using cameras with LED. In this paper, we report the explanation of the proposed
method and the operation verification experiment results.
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Fig.1 Overview of Projection-based 3D perception
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Fig.2 The flowchart of SLAM using Projection-based 3D
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Fig.3 Experimental environment

3.3 ERAA

WIHARLE D & y /7m0 BEEE 0lmm] 12, z #iA MO B
fE% Olmm], z#liE b OAEOHEMEZ 0[°] & L, ZOME &
BORHEF X R %, x B4 MANC 1000[mm] ATHEXE 5. AiEH
FET O, —ERFER LY E S THRET 2PEZREL,
1000[mm] OFHEEE21TS. £ ZORD yz,2 WIE D O
DFELEMHIEI L 50imm], es 3+ 5[°] 35, RLERE
B - WTT5.

3.4 RBRER-EE
SEOEBRTIZE - ROBE T TE S 5 i 3 [ OH1EES)
W L7z Fig.d, Fig.5 iz 2hoBRE T To 1 EIHOFE
Ko B OEHER O (A)~(C) OF#ED A H X T EiRE < v
vy ZHfGE TR LTS, (A) L (B) 2HET 2L, B-HEHIC
Ry ORIy TOEHINTVWS Zedbhd. %
7o, v TNDTRHHISE A X T D HAER L IARRET L <y 7D
iz X 3 HoBH#EEICESEu Ry M~y 7 LD Y OfLE
WHET 22 ERLTVAS. (A) & (C) TlE, EAHXTEGD
SBEBLZRICMEBEITFET S Zebh b, FlkERICOWT
b, BOBE (A) Tl (x,y,2)=(0.34,10.7,0.091)[mm], (C) Tk
(x,y,2)=(0.85,6.2,-8.3)[mm], WDHE (A) T (x,y,2)=(2.0,-
2.9,-3.1)[mm], (C) Tl (x,y,2)=(1.4,-2.1,1.5)[mm] TH b ik
FEROFRZED L HIT 10[mm] LINIZINE > T\ 5.

4 s

ARHETIX, SLAM IZ X 2 HIKIREER » 1R » b HlE D REESE
BizonWTHiE Lz, BB TERZITOWZhEhOERGR
T2z T, BEBETTHO Ry FOMIRREEYLr ACNE
HWENBEL ITONT VWA Z e BHERTE 2. SENEIRAIL %
TWENEw—H—2JHHLTD, SBIE~—H—DRWEEC
HNIETE B R T LADMEZHIET Y, SLAM OFEEDM
ks 3.

BE R
[1] Myint, M., Yonemori, K., Yanou, A., Ishiyama, S., Minami,
M., “Robustness of visual-servo against air bubble disturbance
of underwater vehicle system using three-dimensional marker
and dual-eye cameras”, In OCEANS 2015-MTS/IEEE, Wash-
ington DC, USA (2015), pp. 1-8.

[2] Myint, M., Yonemori, K., Yanou, A., Lwin, K N., Minami,
M., Ishiyama, S., “Visual-based deep sea docking simulation
of underwater vehicle using dual-eyes cameras with lighting
adaptation”, Proceedings of OCEAN 2016-Shanghai, (2016),
pp. 1-8.

[3] Xiang Li, Yuya Nishida, Myo Myint, Kenta Yonemori, Naoki
Mukada, Khin Nwe Lwin, Matsuno Takayuki, Mamoru Mi-
nami, “Dual-eyes Vision-based Docking Experiment of AUV
for Sea Bottom Battery Recharging,” MTS / IEEE OCEANS
’17, Aberdeen Scotland, June 19-22; 2017.

[4] RPURER, ZEIRMES, PR, KM, AILBTRES, RIRFE ([
IR, AR (LA (BR)) 7 MOS HIfHEIRE 2 44 U 7z s i@k
fEEDKkFER Yy b (ROV) O EHEHIEL (AUV) £ 7, 5 57 [
HENHIEESF#HS, 1B08-2, 2014.

[5] Daiki Yamada,Naoki Mukada, Myo Myint, Khin Nwe Lwin,
Takayuki Matsuno and Mamoru Minami Improvement of
3D-Pose Real-time Estimation by Active Marker and HSV-
evaluated Function ”,23rd International Symposium on Arti-
ficial Life and Robotics, B-Con Plaza Beppu, January 18-20,
2018

[6] W. Song, M. Minami, S. Aoyagi, “On-line Stable Evolution-
ary Recognition Based on Unit Quaternion Representation by
Motion-Feedforward Compensation”, International Journal of
Intelligent Computing in Medical Sciences and Image Process-
ing (IC-MED) Vol. 2, No. 2, pp 127-139, 2007.

No. 21-2 Proceedings of the 2021 JSME Conference on Robotics and Mechatronics, online, June 68, 2021
1P1-B02(3)



(A) (A) (B) (€

- imated position
£ E ane
e o V Estimated positio 3 ‘ bion l
) Desired position 100 150
' Desired position Error allowance range 14.8 [S] Desired positi Errorall e range 22.9 [S]
£ "ﬂ' ﬂ' W i :
H ) 7 :‘_: i
. Estimated position ~ o Estimated position
” Desired position Error allowance range """ Desired position Error allowance range
g “ ‘ « E -
g Va— .
80 Estimated position — oy z Estimated position
! plste S L =
. - == !'-.::%‘-.‘ ! R ] ‘ !
__ 10 Desired position Error allowance range z ‘:?ﬁ’ ¥ . 10 Desired position Error allowance range
- “Hag m;.‘ -
E £
3 g «
s Estimated position g 8 Estimated position
) 193.8 [s] ‘ 168.1 [s
Time [s] Time [s] [s]
Fig.4 1st reciprocating of Day result Fig.5 1st reciprocating of Night result

No. 21-2 Proceedings of the 2021 JSME Conference on Robotics and Mechatronics, online, June 6-8, 2021
1P1-B02(4)



