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Development of Underwater Cleaning Robot Control
Algorithm for Cleanup Efforts in Industrial Area
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Abstract: In this paper, we developed a control algorithm to maximize the cleaning performance and the

cleaning efficiency of the underwater cleaning robot platform which has been developed for various cistern

environment in the industrial field. Through these research and development, we have presented the

operation and application of underwater cleaning robots that have been developed, and contributed to

commercialization. Finally, this results were verified the effectiveness through actual field experiments.

Key Words : Underwater Cleaning Robot, Hierarchical Automatic Control Algorithm, Current Control,
Attitude and Heading Reference System(AHRS)
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Automatic Control Algorithm Development
for Improving Cleaning Performance and
Efficiency

Development of the Underwater Cleaning
Robot Platform

+ Development of a current control
algorithm for uniform suction of
submerged sediment

+ Development of a travel contral algorithm
according to water-tank and sediment
condition

- Development of a posture and a heading
control algerithm of existing robot
platform

- Development of a mechanism to improve
driving performance

- Design and manufacture of the robot »
platform structure

+ Development of the controller and the
HMI system considering the robot
operation

1

System Integration(H/W + S/W)
indoor & Outdoor Field Experiment

Fig. 2 R&D propulsion plan
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Table 1 The comparison of manual control and
automatic control

Item Manual Control | Automatic Control
Very Uncomfortable Relatively Convenient
- Continuous speed con- | - Adjust the target direc-
trol of the wheel-drive tion value every 2~3
is required (on/off con- minutes
trol)
Cbngesrilénce + Continuous  directional
control is required
+ Continuous current con-
sumption monitoring is
required to adjust the
wheel speed
Very Unstable High Stability
+ Damage to mechanical | - Protects the system
parts of the screw and even under external
System the wheel-drive under overload conditions
Stabili overload condition + Variable operation of the
ability + The suction pump con- pump due to the load
tinues to operate at control prevents short-
maximum load level ening of the life of the
suction pump part
Very Inefficient High Efficient
* Energy efficiency is not | - Low energy loss due to
Energy good due to the large the consumption current
Efﬁciency difference of the max- control
imum /minimum con-
sumption of current
Inefficient Efficient
Work - the skill of the worker | - Maintain the work effi-
Efﬁciency has a great effect on ciency regardless of the
the work efficiency operator’s skill

npzet o 2 AHRS ¥ Ao]Z 2~
Z aAael W@
%aqfnﬂdav%hl¢@@4
o B A 2] o5
o] WAs}A|

of vzt

flo o

o o N g0l N md
=S Rl orR

o = 2 of

< o g um

o do 2 o

2
£

32 ¢=F

Xﬂo-] oL:ﬂ_

|
(Ih=2=y %X]S ™
Al

o

o= /¢ E_a“ —‘3—
573 Aoldll sl AlA
o] &S ﬂolo}&’iﬂ ojw A

z2 #gsn

L

B
N
o
ot
k4
N
bro o
20
N
=~
i)
o,
ok
tlo
gk
r o
of
o1

H7|AFeYX| HM21H M4z, 2017 8

4% (Degree)

Time (250mS)

Heading Control
= No Heading Control

Fig. 12 Experimental results both heading control

and no heading control
5.8 E

—Eroﬂf‘i” A Wl gdR
H }04 7H‘:J=_}El°1/}it* ?Z'éii%

i =2

Hé‘i‘ Fote] 7]l AEE o

AAZE 29 9 332 "ok A AEY
S

k:o{r
ofo
ox |
rulo
e
ofN
2&
B2
ul

m
o

¥ 8 o & X N oo )

2 de AHA Z1sid "R
(POSROBOT Research Project) A|9o2 43 = Y
om e ZAA=HY T

References

1. Y. J. Hong, M. J. Lee and J. H. Suh, 2009,



018

ES

i

fol

n

o
o

"Underwater Cleaning Robot", Journal of Korea
Robotics Society, Vol. 6, No. 2, pp. 10-15.

. J. H. Suh, Y. J. Hong and S. K. Park, 2010,
"The Commercialization of Underwater Robot
using convergence Technologies", In Proceedings
of Korea Unmanned Underwater Vehicle, pp.
41-45.

. I. S. Choi, G. Shin and J. H. Suh, 2013,
"Development of Underwater Cleaning Robot for
Industrial Sludge Cisterns", Journal of the Korea
Robotics Society, Vol. 10, No. 4, pp. 33-39.

. A. Suzuki, K. Kumakura, D. Tomizuka, Y.
Hagiwara, Y. B. Kim and Y. W. Choi, 2013,
"Positioning Accuracy on Robot Self-localization
by Real-time Indoor Positioning System with SS
Ultrasonic Waves", Journal of the Korea Society
For Power System Engineering, Vol. 17, No. 5,
pp. 100-111.

. Robot Issue Brief, Korea Institute for Robot
Industry Advancement(KIRIA), 2014, "Industrial
Status and Prospect of Underwater Robot", Vol. 2.
. J. W Park, J. G. Kim, J. W. Lee, Y. H. Choi,
J. H. Suh, J. D. Lee, H. J. Lee and S. S. Oh,
2015, "Design and Structural Analysis of

8.

10.

24

Xl
S

(i3

roh

g A

fol

Track-based Underwater Robot Intake Module for
Various sludge Suction", In Proceedings of the
Korean Society of Precision Engineering, pp.
612-613.

. J. G. Kim, J. W. Park, Y. H. Choi, J. D. Lee, J.

W. Lee, H. J. Lee, S. S. Oh and J. H. Suh,
2015,

Underwater Cleaning Robot", In Proceedings of

"Development of Driving Reducer for

the Korean Society of Precision Engineering, pp.
756-757.

S. W. Park, M. S. Kim, J. H. Sohn and W. K.
Baek, "Study on the fluid resistance coefficient
for control simulation of an underwater vehicle",
Journal of the Korea Society For Power System
Engineering, Vol. 20, No. 1, pp. 24-29.

. Korea Institute of Marine Science & Technology

Promotion(KIMST), Vol Ocean

Insight, pp. 4-5.

10, 2016,

Jin-Ho Suh, Jung-Woo Lee, Jong-Geol Kim,
Young-Ho Choi and II-Seop choi, 2017,
"Development of the Underwater Cleaning

Robot Platform for a Higher Efficiency", Journal
of the Korean Society for
Engineering, To be submitted(2017.03).

Power System

St S| AR X H218 M4z, 2017 83 33



