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Research on Autonomous Position and Azimuth Keeping for Aquatic Robot in Shallow
Ocean
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In this research, we developed two aquatic robots and an image processing
system based on optical flow in order to estimate the position of the aquatic robots. We also
developed an acceleration predictor of the robots that is based on dynamics learning tree (DLT) and
FAD learning. We improved the effectiveness of DLT against noise. As a result of the control
experiments using these robots, we could confirm the three facts, the robots are able to come back
around a goal position when there is no wave, the robots are able to cancel the affection from wave,

and the robots are able to go back around goal Bosition and azimuth even when there is wave. The
learning and control methods that are developed by this research were also effective for the control
of humanoid robots and vehicles.



(A)

@)
(b)

GPS

ROV L3RR, ROYEEERLY
0¥ ElEd, (RskYhE) ‘ BEMEE = ;-4
ofvhORE / -
0| ROREEERLAL o | BEMEEERIN- 25ps-kem
BubiiD] omyapsne | e WA
(PIDFEMOLPUSS) (F=hA-28)
fi8: 1y RO¥EEERLAL
Hift:0 BEMRE,
[ EEHE | AFAS—ITEBIEEar
g {3
(T—A~—=2B)

B4z

WS EX290mm (E—%8)

,‘l“ EOREIZLD
MEETHE = o, OREG,
(E:0FH) /N
SERDAMMERE
O E,

aza,+ar+a,sY

4
(Point Grey ) 9

Back

. I“‘-mw '

4mm Screw

I  Servo motor

55 0mm

Polystyrene foam

@ Gyrosensor

W :5.5kg (HATEMEA. Skg
5
2 6
2.7m 1.14m 0.46m
2



7

Lucas-Kanade

* 320x 240 pixels
* Normalized in 0-255

-t-t+At

Initial images

Sub-pixel

\ A
A\’

Averaged OF

Opticai flow (OF)

R

Capturing Image

Down Sampling
Gray Scaling
Normalizing

Corner Detection

Optical Flow

10

Calc Average

i

0.035

0.02

0.015

fean of prediction’s error: E

A

0.03¢

0.025;

0.01¢

== pdate Count Base Prediction
= Conventional Method

' 0.005
0

50 100 150 200

Constant update count: n

250

Mean of prediction’s error: E

E

diction’s error

re:

of p

ean

(o=
=

11

FEE de/dt [m/s]

=== Depth Base Prediction
= Conventional Method

10-2 :

L L

0 10 20 30 40
Constant depth: ¢

9

0 0241 - Error Base Prediction
; == (Conventional Method

0.022-|
0.02
0.018
0.016
0.014
0.0124 i i : ; .
0 0.2 0.4 0.6 0.8 1
Parameter: €
10
FAD
0
8
onles
q s E A7 ()|
-==¥%M

F

(51

15

11



position[pixel]

12

0
14
18
20
BRI E~BT BT &iﬁrﬁ“ﬁﬂ SR T
0 :: |
4
-6 F
8
-10 . : l
10 15 20
Time[s]
12
2cm 5s
13
0
0.3m
2017 3 10

FAD

{7 «[m]

03

02 ARYREFTHLT _iggg

oF
-0.1
B L=l =B
-03| (CRIBLIz3RE
_ h# 3
B 20 0 60 80
B tls]
13
3

Chyon Hae Kim  Shigeki Sugano
Executing Optimized Throwing Motion
on Robot Arm with Free Joint Advanced
Robotics Vol. 30 No. 24 2016 pp.
1571-1578

Chyon Hae Kim Shigeki Sugano Closed
loop trajectory optimization based on
reverse time tree Inter. Journal of
Control, Automation, and Systems
(Springer) Vol. 14 No.6 2016 pp-
1-9

Chyon Hae Kim Shigeki Sugano Tree
Based Trajectory Optimization based
on Local Linearity of Continuous
Non-linear Dynamics IEEE Transaction
on Automatic Control Vol. 61 Iss. 9
2016

13

2017

No. 3-5 2016



No. 301-3 2016
Kanta Watanabe Shun Nishide Manabu
Gouko Chyon Hae Kim Epsilon Greedy
Babbling -Exploitation and
Exploration in Online Incremental

Babbling- InProc. of IEEE Inter. Conf.

on Intelligent Robotics and Systems,
Workshop on Artistically Skilled
Robots 2016

2016

2016
Akio Numakura Shigenobu Kato
Kazuyuki Sato Takeya Tomisawa Tasuku
Miyoshi Takuya Akashi Chyon Hae Kim
FAD learning: Separate Learning for
Three Accelerations -Learning for
Dynamics of Boat through Motor

Babbling- InProc. of IEEE Inter. Conf.

on Robotics and Automation 2016 pp.
5609-5614

2016
Kanta Watanabe Shun Nishide Manabu
Gouko Chyon Hae Kim Fully Automated
Learning for Position and Contact
Force of Manipulated Object with Wired
Flexible Finger Joints In Proc. of
Inter. Conf. on Industrial,
Engineering Other Applications of
Applied Intelligent Systems 2016
pp- 753-767

2015
Chyon Hae Kim Research Topics of Kim
Laboratory Myanmar-Japan Symposium
2015

2015

INS 2015

1

Chyon Hae Kim Trajectory Planning
Advances in Engineering Research
(NOVA) Vol. 13 2016
1
IC
AlSing
2017-50459
2017 3 15

http://diginnos-server.kim.cis. iwate-u.

ac.jp/
@
KIM Chyon Hae
30424815
®

SASAKI  Yoshih
TOMISAAW  Takeya
NAKAJIMA Hisayo
FUNATO Shuichi
OYAMA  Hirokuni
AKASHI Takuya

MIYOSHI  Tasuku

OGASAWARA Tos

MATSUBAYASHI

isa

shi

hiki
Yuriko



