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[Abstract]

In manufacturing environments equipped with automated systems, the adoption of collaborative robots
and automated guided vehicles (AGVs) is increasing to enhance production efficiency and reduce costs.
In particular, mobile work systems, where a collaborative robot is mounted on an AGV, are gaining
attention. However, position errors occurring during the driving and stopping phases of the AGV reduce
the work accuracy of the collaborative robot. To compensate for these position errors, vision cameras
and other types of sensors are commonly used. However, these systems are often sensitive to
environmental factors such as lighting conditions and require significant initial installation costs, making
them difficult to adopt in small- and medium-sized manufacturing facilities.

To address this issue, this study proposes a system that compensates for positional deviations using
low-cost ultrasonic sensors installed on the AGV. By analyzing the distance and angle errors derived
from the sensor measurements, the system communicates with the robot controller to apply correction
values, thereby reducing positional deviations during operation. The proposed model simplifies the error
compensation process, reduces initial investment costs, and is expected to improve the practicality and

applicability of mobile collaborative robot systems utilizing AGVs.
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II. Preliminaries
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Table 1. AGV Low-Cost Sensor
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III. The Proposed Scheme

3.1 Robot System Configuration
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Fig. 1. System Configuration Diagram
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3.2 Control System Process
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Table 2. AGV offset measurement

offset
Count s1 s2 Angle Distance
1 220.9 233.9 1.71 472
2 2213 2355 1.87 6.09
3 2193 2349 2.05 473
4 220.6 2353 1.93 5.62
200 220 2354 2.03 5.34
AlA s1HT s29] 57403k H 2 EAS B3, 7
A B8l 201 gvtaie] AX| YA BEEoR
oF 2%, 742l o Smm A0 QAP AN e &

_ 50 4

Frequency

c 228 8 3
P

| ]
=
—
pE—
e—m - ———|
_—-
e
=
]

Distance (mm )

Fig. 6. Histogram(After Correction)

oxt2 BAISP] H) AR FUsHY 200312
A}, oAbt BAE 59 s|AE e Jajr
Qe Yeke Bgon, Rl Ll

e o o

o)
T
=
Hi
N
)
=N
gg
ot
oft oX H
Ra)
ol
Rl

oJojgict.

N 2% A, e WA 2 ulR Tt 52 e
she AlAslE} 2e) Aok AlARIe A STt AIMS S44
Q7L of ] Wy

V. Conclusions

AP walets A #74n 1S0] Coet 8.7
Aol SA5PA heab] sl AR @RlME Aot
meR), UAY EY 5 7120] whaA] £ ok
5], Al QPSP WRid 4 b WS 2Ru 28
o4t el Syt ) &84T A

al

Ly
glou, 7]z

_,d
%

ko

o o Mo
ol

oz M Jm

r

O.nqh Ool‘

1o o
rO
Mo
1 I‘E
D)
d°
=
o
i
Fu
e
ilte
=
ox
SL
K%
| o

1,
e 2 0 g2 L o ot

)
o
5
ol
el

I

19

i

>

@]
— 0

A

ta
o

11

=2
pas)
0

=

N

)

N

o

Lot

o

A

St

l‘[[‘

i)

il OZ‘.‘;

=

2 | 2

oX Mz 4o

=) fu 1o >

= lo

4o o 42

n% dz 4o
H oo
Iy
=
ﬂd 5:17
= %
oZ |o
2 o,
H o
_>f_“ ==
ol
.
rlu o
ol
o,
N
&2
o
4>
o ©
N

[t o
o%t
o

o
>
=
)

SuRte] A ¢Ix]o] G2 0}

S S5 AAELS 7S

W] gl vl 7t
olovt, vl Fluabs

tist mejt Wast
3t 7

El on

gh2o] Floleto] A%, A QI8
At Blgo] 2 7E0] e ARzt
7o) QoNgt WUMHQl A AOIAL AARE
Ag3plo] olei ol Exfict,

B =RoAE S0l UIRLE s P WE 2%
of 912 BAsh] 95 AlhE 0.2 s1e] Aat 27ho)
A3} AIAE 53 WAga 2zt Ao gt 0x1E 4
Astol BAsHL, 20| RS RASIAC A 8L
Fo PR ARSI E80t AN RE A 74 2,
24mm~30mm PN A2 QXS J1SsHGAIE, 28
o} AAE A8 3 Tmmol A olSstel 93] WAPH
FolE 742 AT 4 Tk okl £ 30k A 54
/2)1-

F70l tiet 518 AT Mot 271 el AlE



Implementation of a Work Accuracy Compensation System for a Mobile Collaborative Robot Using Ultrasonic Sensors 137

ol oI oI 0418 2w A B
T e

W, oRie] QRP] S8SE A HY
i 5&4 NE £ 9] OF B 49 WE 2
2] % 3
7t R%LHL 2790l A 8sb] aiAle ulA sholeter
2o Ol 574 NS AEstel, AU o] et
7] dlojel 84, £7] £} u]87} SA84 vlgo] O]

gt BHS RAMS v O R 987 B/t A& BAo] F7t

7<7]

)

Fu
o
1o
ox
e
H1
r l[‘
ofH
1T}
|n
o)
I 2
|t
o
ox
1o
M
)
5
o

p- ol T %

AFgalof 3t

o
V1Y 5 AR2 ATTN AL Sl A9 T

= 4
|ru
H1
o
=
N
" opt ez Ao

=

@H%riﬂﬂﬂﬂﬁl%ﬁﬂﬂ,0%7Wﬁ51mﬂa%
7|9k} QAL o F RHE, AULE nﬂiagu 04711 Eéﬁ
373 AAdet & fAgt AR AlAES

gxoe 7aoLd, 50| © Ao2

REFERENCES

[1] Aziza, M. B., Badri, A., & Jemai, H. “Digital Transformation in
Industrial Contexts: How AGVs and Cobots Are Transforming
Workplaces Amid Safety Challenges.” Automation, Robotics &
Communications for Industry 4.0/5.0, pp. 223, February 2025.

[2] Kim, D., Lim, E. G., & Kim, J. B. “Development of a robot system
for automatic de-palletizing of parcels loaded in rolltainer.” The
Journal of Korea Robotics Society, Vol. 17, No. 4, pp. 431-437,
2022. DOI: 10.7746/jkros.2022.17.4.431

[3] Cho, H., & Kim, S., "Development of magnet position device for
outdoor magnet guidance vehicle." Journal of the Korean Institute
of Intelligent Systems, Vol. 24, No. 3, pp. 259-264, 2014. DOLI:
10.5391/JK11S.2014.24.3.259

[4] Kim, Y. H., & Kim, J. O., ™A design methodology of task safety
scenario for the application of collaborative robots." The Journal
of Korea Robotics Society, Vol. 15, No. 3, pp. 256-268, August
2020. DOI: 10.7746/jkros.2020.15.3.256

[5] Ansari, F., Hold, P., Mayrhofer, W., Schlund, S., & Sihn, W.,
"AUTODIDACT: Introducing the Concept of Mutual Learning
into a Smart Factory Industry 4.0." International Association for

Development of the Information Society, pp. 61-68, 2018

[6] Li W, Li P, Jin, L, Xu, R, Guo, J, & Wang, J.
Compliant-Control-Based ~ Assisted Walking with Mobile
Manipulator.” Biomimetics, Vol. 9, No. 2, pp. 104, 2024. DOI
: 10.3390/biomimetics9020104

[7] Minjae Park, Jin Seok Hong, and Nam Kyu Kwon, "Deep
Reinforcement Learning Based on the Hindsight Experience
Replay for Autonomous Driving of Mobile Robot," Journal of
Institute of Control, Robotics and Systems, Vol. 28, No. 11, pp.
1006-1012, 2022. DOI: 10.5302/J.ICROS.2022.22.0145

[8] El-Sheimy, N., & Li, Y. “Indoor navigation: State of the art and
future trends.” Satellite Navigation, Vol. 2, No. 1, pp. 7, May 2021
DOI: 10.1186/s43020-021-00041-3

[9] Kwon, Y., & Jung, I. “Performance Evaluation Using Neural
Network Learning of Indoor Autonomous Vehicle Based on
LiDAR.” KIPS Transactions on Computer and Communication
Systems, Vol. 12, No. 3, pp. 93-102, 2023. DOI : 10.3745/KTCCS.
2023.12.3.93

[10] Young Kap Son, and Bong-Seok Kim, "Reliability Estimation
of Position Repeatability for Robot Systems," Transactions of
the Korean Society of Mechanical Engineers - A, Vol. 47, No.
2, pp. 115-121, 2023. DOI: 10.3795/KSME-A.2023.47.2.115

[11] Kwanwoo Lee, Junheon Yoon, Suhan Park, and Jacheung Park,
"Performance Evaluation of Robotic Physics Engine for Mobile
Manipulator Simulation," The Journal of Korea Robotics Society,
Vol. 19, No. 1, pp. 31-38, 2024. DOI: 10.7746/jkros.2024.19.
1.031

[12] TaeSeok Jin, and JangMyung Lee, "Localization and Navigation
of a Mobile Robot using Single Ultrasonic Sensor Module," The
Institute of Electronics Engineers of Korea - System and Control,
Vol. 42, No. 2, pp. 1-10, 2005.

[13] Kim, S. H., & Lee, H. G.,"Implementation of Pattern Recognition
Algorithm Using Line Scan Camera for Recognition of Path and
Location of AGV." Journal of the Korea Industrial Information
Systems Research, Vol. 23, No. 1, pp. 13-21, February 2018.

[14] Khaleel, H. Z., Ahmed, A. K., Al-Obaidi, A. S. M., Luckyardi,
S., Al Husaeni, D. F., Mahmod, R. A., & Humaidi, A. J
“Measurement enhancement of ultrasonic sensor using pelican
optimization algorithm for robotic application.” Indonesian
Journal of Science and Technology, Vol. 9, No. 1, pp. 145-162,
2024. DOI: 10.17509/ijost.v9i1.64843

[15] Hyungchul Im, and Seongsoo Lee, "Interference Elimination
Method of Ultrasonic Sensors Using K-Nearest Neighbor
Algorithm," Journal of IKEEE, Vol. 26, No. 2, pp. 169-175,
2022.



138 Journal of The Korea Society of Computer and Information

Authors

Jong-Joo Kim received his M.S. degree in

Computer Engineering from Kongju National

University in 2023. He is currently pursuing

7' a Ph.D. in the same department at Kongju
¢ "/. National University since 2024.

I am interested in configuring automation systems such as

smart factories and IOTs applied with computers.

Seung-min Oh received the B.S. and Ph.D.
degrees in computer engineering from
Chungnam National University, Republic of
Korea, in 2009 and 2015, respectively. From
2016 to 2019, he was a Postdoctoral

né\h 3

Researcher with the Network Research Laboratory, University
of California at Los Angeles, Los Angeles, CA, USA. Since
2019, he has been an Associate Professor with the
Department of Computer Science and Engineering, Kongju
National University. His research interests include routing
protocols and applications for sensor networks, the Internet
of Things (IoT), and the Internet of Vehicles (IoV).

Seong-Hyun Park received the B. S. degree
. in College of Arts and Music from

Chungnam National University, Korea in

M d 2017. The M. S, and Ph. D. degrees in
z Computer Engineering from Kongju National

University, Korea, in 2017, 2020. He is currently a teaching
in the Department of Computer Science & Engineering.
Kongju National University. He is interested in computer
music, convergence Education. and Real Time System and

Management and Clout computing and Communication



