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An acoustic camera which is mounted on an underwater robot can measure 3D

space even in turbid water when exploring the underwater environment.
This study aims to establish a method to generate an underwater material distribution map that
includes not only dense 3D shape information but also material information in the environment from
the acoustic camera, in order to enable an intuitive understanding of the surrounding environment.
We implemented a system that generates an underwater material distribution map by establishing novel
methodologies to recognize the materials of objects captured by an acoustic camera using semantic
segmentation and generate a 3D map including the recognized material information.

SLAM



¥ X C—19,. F—19—1, 2—19 (58

WHZEBR AR S A D 5
%ﬁﬁ% WS, BIE N RV OB M O
&kanha®%ﬂ§i%%éA/2m1$3Jﬂ & RBRED
KU R R — R I REITOFHICE T 5 (e
FIED KD 72 NP EHEAN IR VRIS T 5
FEIFEN CoOKF AR Yy FOTERICHER I EE
STWVD. ZO XD eBIRAKPEREE T, 1#IN
LD DOEESAERY DBREEER EDTZD
2, 1 ISRT LS R EAKF 2Ry hOEA P ———
m% 5 CTh5. RIEEHEZBOTEY, Ko I AVRBRSLOSICLITA

HF oY & FEE B DIDSON (dual-frequency %/)< ERRRIFRR R A > b O
identiﬁcation sonar) K> ARIS (adaptive resolution pm—== ——
imaging sonar) 72 EDFEH A5 (K2) ZAKH
a1 ARy MMIHE# L COKPBREORAEIZ AW,
WERDOBEWR oV TIEHEARAETH -T2 3 KT
ZEMOR v TRARRE TR, o T KT BREE
NTHEfRGEOBBNH IATEETHD. =6
2, BEEGNOEEEIL, FHISOWE - #
BEOMEE IR KT DFEEFF > TH 0, Zh
SOMEEMEET VIZL YT L, SLAM
(simultaneous localization and mapping) (2351 %
REAEE S UTERTE, BEEOSWKF~T U T 0~y TOERNAETHDH. Z
Z T SLAM Efiff&ixm ARy O - KL FREOR 2 RRICHEE T 280 TH v, #
M 21T — RIS 2 m N F&%ﬁﬁ%%ﬂz Y OFEN ST 2 0LERH D.
e BEREEICI51T D SLAM D56y, BEICE < ORFEERIHICBE T 28R HE ST b —7,
K SLAM (23 F ¥ 2 72 0 O RHE R B 5 Blam iiﬁﬁiéﬂiW%NWﬁ@ B AT D
BREERPOEREO~ TV TERAZ S L, K SLAM (28T 2 8E L LCEA T 2 M
TR T 2 8005, AFFRO A2 EZNRRKE . if’ RS oK f <7 U T V5
fi~ v 7 % BE T 5 B R EB R 5 2 & T, oK OB EFERREEKE, BEN, HIHE
BEHE 72 EOREDTZ O DIEHZM 5. BEHINOMFIT I HITFFRMICE K aRy M X
LHRELCIEXO AIMLICB W T REREINESZ b 6T LIRS 5.

X2 % @ﬁf7Ams&@otm¢f® AT

2. WHEOHB
FEH DIXHATHRICEB N T, BB A T ZHEE L7 bRl E
BRI E ARy MZXDKPEREDOE R 3 Ikotigik~ v 7 D&
m%mwfiﬁb ZHOMFRLEHR LTS, Ll
FRTERDOAHDETIZE E->TEY, 7hOkkx 75 %m@
TOOEEERE LTERALRD D, U EOSEREE X, K
FETIE ERLO AT DML R & LT, %72 3 IRLIRTE &
TR, BEOWE - MEHCET 2@ b [RRFICKm L
Ak ~T U T AN~y TOAEREFERTH T L—7 AL
— % BT

3. Mo HiE
RIFFETIE, FEDATIIBTEKP~T VT AN~y
DERAEEBRT A7, LFD 2 >O7 7 u—F Cifss
AT LT-.
(1) BvorTa4v I AT — 302 J:éﬁgaff -
AW TIX, REZWRT DM EORIRAEIT 5 12912, ik
ZEICESL YT 4w I BT AT g ié?&
%%%Lt EVAT LAOMELX 3 \RT. 7, &
Wiz BSL, FHAMIKIC A%#é%@ﬂ%ﬁ%%m#
5. Wi %mttﬂ%%k%@ﬁﬁkmﬁﬁkﬁ%@ﬁﬁ
5z kT W E Ic BT A AImiE L 705 RGB Mg %4
KT D, E0%, BBRFEE LD~y T oy JRT AT (b)
—yarvEITHOETE @ﬁ@L wIhleiRkoRmo K4 F8IATI2BT D HER
MEZRET 5. _EFIEIZ SR AKX 4R, ke @ﬁmﬁ@(mﬂﬁﬁ%

K3 B~ T4 v 78T AT—
va sl J:é*j‘ja\ﬂbﬂ




Q) KkF=F VT AN~ Y TDHEKD 729 Dkt SLAM

PRI LT BRBEOREEEZ KT SLAM (ZBIT2 7 v F~—2FRELTUEAL, BRERK <
TV TSR~ T EAERT HkH SLAM Blig 2 572 ICHENL L=, £, (FIRRREDFE D X
TONMEND 3 RIREFREETTAEOOT 7 —F ThHAHMRNERT ) v K~y
TERELZRBL, BT 4 v 787 AT —2a R VBB LIEMEOERAE KB LK
<7 U T A~y 7 OEKRERRRIZ L2, X 5 (ZKF~T U T 0Ah~ v 7 OERERE
eI

Concrete Rock

(@) ‘l..' ~ (b)

Wood Sand
X5 Kd~T U T oA~ v T OARK : () BB, (b)~ > B2 ZfE R

4. WFIERk R

3. BT D I LTI, MR LYYIOMIERE O LB, BEROMNL, v AT LD,
MAEEBRE TR T L, MEBETHEORIMEEME LIz, V22 b— 3 VBT DMk R 25 24
B E BVFIE SRS AT LA 0T 7 L—3 a UERMEERS (SI2023) THEFE L. 3. 2B
5T LTY, WFZEBMELYIOMZEEE O LB, BIRROMESL, ¥ AT LD HEFER
FTRTL, BEFEOHEIMELHR L. I a2 lb—3 3 0BT 5KH SLAM OfEZER: F
% [E|BE* %4> The 16th International Conference on Quality Control by Artificial Vision (QCAV2023) T
FF LIz



5 5 0 0

Wang Yusheng Ji Yonghoon Tsuchiya Hiroshi Ota Jun Asama Hajime Yamashita Atsushi 9

Acoustic-N-Point for Solving 2D Forward Looking Sonar Pose Estimation 2024

IEEE Robotics and Automation Letters 1652 1659
DOl

10.1109/LRA.2024.3349968

Wang Yusheng Ji Yonghoon Woo Hanwool Tamura Yusuke Tsuchiya Hiroshi Yamashita Atsushi 46

Asama Hajime

Acoustic Camera-Based Pose Graph SLAM for Dense 3-D Mapping in Underwater Environments 2021

IEEE Journal of Oceanic Engineering 829 847
DOl

10.1109/J0E.2020.3033036

Liu Dingyu Wang Yusheng Ji Yonghoon Tsuchiya Hiroshi Yamashita Atsushi Asama Hajime 35

CycleGAN-based realistic image dataset generation for forward-looking sonar 2021

Advanced Robotics 242 254
DOl

10.1080/01691864.2021.1873845

Wang Yusheng Ji Yonghoon Liu Dingyu Tamura Yusuke Tsuchiya Hiroshi Yamashita Atsushi 5

Asama Hajime

ACMarker: Acoustic Camera-Based Fiducial Marker System in Underwater Environment 2020

IEEE Robotics and Automation Letters 5018 5025

DOl
10.1109/LRA.2020.3005375




Wang Yusheng Ji Yonghoon Liu Dingyu Tsuchiya Hiroshi Yamashita Atsushi Asama Hajime 6

Elevation Angle Estimation in 2D Acoustic Images Using Pseudo Front View 2021
IEEE Robotics and Automation Letters 1535 1542
DOl

10.1109/LRA.2021.3058911

16 0 11

Yusheng Wang Yonghoon Ji Chujie Wu Hiroshi Tsuchiya Hajime Asama Atsushi Yamashita

Motion Degeneracy in Self-supervised Learning of Elevation Angle Estimation for 2D Forward-Looking

2023 1EEE/RSJ International Conference on Intelligent Robots and Systems

2023

Yusheng Wang Chujie Wu Yonghoon Ji Hiroshi Tsuchiya Hajime Asama Atsushi Yamashita

2D Forward Looking Sonar Simulation with Ground Echo Modeling

20th International Conference on Ubiquitous Robots

2023

Shotaro Yamaguchi Yonghoon Ji

Acoustic Image Denoising Based on Generative Adversarial Network

20th International Conference on Ubiquitous Robots

2023




Hiroki Nakamura Takahiro Nonoda Yonghoon Ji

Underwater SLAM Based on Object Recognition Using YOLO in Acoustic Images

16th International Conference on Quality Control by Artificial Vision

2023

Chujie Wu Yusheng Wang Yonghoon Ji Hiroshi Tsuchiya Hajime Asama Atsushi Yamashita

Acoustic Camera Pose Refinement Using Differentiable Rendering

2023 1EEE/SICE International Symposium on System Integration

2023

24

2023

2023

2023




2023

2023

Yusheng Wang, Yonghoon Ji, Hiroshi Tsuchiya, Hajime Asama, Atsushi Yamashita

Learning Pseudo Front Depth for 2D Forward-Looking Sonar-based Multi-view Stereo

2022 1EEE/RSJ International Conference on Intelligent Robots and Systems

2022

40

2022

Wang Yusheng Ji Yonghoon Liu Dingyu Tsuchiya Hiroshi Yamashita Atsushi Asama Hajime

Simulator-aided Edge-based Acoustic Camera Pose Estimation

OCEANS 2022 Chennai

2022




Wang Yusheng Ji Yonghoon Liu Dingyu Tsuchiya Hiroshi Yamashita Atsushi Asama Hajime

Elevation Angle Estimation in 2D Acoustic Images Using Pseudo Front View

2021 IEEE International Conference on Robotics and Automation

2021

Liu Dingyu Wang Yusheng Ji Yonghoon Tsuchiya Hiroshi Yamashita Atsushi Asama Hajime

Development of Image Simulator for Forward-looking Sonar Using 3D Rendering

15th International Conference on Quality Control by Artificial Vision

2021

Wang Yusheng Ji Yonghoon Liu Dingyu Tamura Yusuke Tsuchiya Hiroshi Yamashita Atsushi

Asama Hajime

ACMarker: Acoustic Camera-Based Fiducial Marker System in Underwater Environment

2020 IEEE/RSJ International Conference on Intelligent Robots and Systems

2020

Wang Yusheng Ji Yonghoon Hanwool Woo Tamura Yusuke Tsuchiya Hiroshi Yamashita Atsushi

Asama Hajime

Planar AnP: A Solution to Acoustic-n-Point Problem on Planar Target

Global OCEANS 2020

2020




Yusheng Wang

2020

2020

http://robotics.jaist.ac.jp




