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An Efficient Path Planning Method for Cleaning Robots
considering Turning Radius and Equitable Distribution of
Overlapping Cleaning Areas
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Dohyun Kyoung!, Jeonghoon Kwak?, Kyon-Mo Yang?, Jaewan Koo?, Kap-Ho Seo®

Abstract: Automating cleaning processes using cleaning robots in environments like Agricultural
Products Processing Centers (APC), where a lot of contaminants are generated, is crucial. However,
cleaning robots applied in such environments tend to be larger in order to ensure sufficient capacity
of the cleaning container and suction power. Due to this structure, they perform driving in the
divided cleaning areas by a non-sequential (spiral) manner, causing overlap between the areas and
significantly reducing the efficiency of the cleaning robot. This paper proposes a method that defines
cleaning areas based on robot specifications during navigation, then divides the entire cleaning range
to evenly distribute overlap. The proposed method demonstrates superior performance in terms of
path efficiency, covering the cleaning area with approximately 17% less cost over the entire path
length due to the optimization of the space division technique. Notably, it achieves a 100% coverage
rate, perfectly covering all cleaning areas. With path duplication and deviation rates at 16.67% and
0% respectively, it demonstrates high efficiency in path generation, not deviating from the route

while maintaining a low rate of overlap.
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[Fig. 1] Mechanical characteristics of cleaning robot: ¢§ is the
steering angle of the robot, , is the distance to the target, and ¢
is the angle between the target and the direction of the robot
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[Fig. 2] Challenges of applying conventional path generation
methods to large-scale cleaning robots
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[Fig. 3] Comparison of proposed method and previous methods
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[Fig. 5] Flowchart of proposed path generation method
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[Fig. 6] Remaining area after space division
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[Fig. 7] Space reconstructed by removing remaining areas
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[Fig. 8] Order of visiting spaces
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[Fig. 9] Method of generating waypoint in horizontal and
rotating sections
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[Fig. 10] Waypoint of generation method for vertical section
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[Table 1] The input variable and values for comparing experi-
mental results

Input Variable Input Value
Cleaning Area (H x W) 150%200 (pixel)
Cleaning Robot Size (RH X RW) 15%22 (pixel)
Minimum Turning Radius (R) 18 (pixel)
Overlap Width (o) 4 (pixel)
Lateral Waypoints (N) 10
Angle Betvx./een Wa.ypoints in the 30)
Turning Section (A)
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[Fig. 11] Visualization results of path generation methods for a
cleaning robot in comparison with the proposed method
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[Table 2] Various path generation methods for cleaning robots
and analyzing results of the proposed method

Proposed
Method 1 Method 11 Method
Total Path Length | 2754 (pixel) | 2574 (pixel) |2196 (pixel)
Overall Coverage 0 0 o
Ratio 105.56 (%) 100 (%) 100 (%)
Path Overlap Ratio | 17.31 (%) 19.02 (%) 16.67 (%)
Cleaning Area o o o
Departure Ratio 3:36 (%) 0%) 0%
Adjusted Overlap .
Width - - 3 (pixel)

[Table 3] Input parameters for evaluating path generation results
based on the proposed method

Case | Case I Case III
Cleaning Area Size | 200x150 150%250 200%200
(HxW) (pixel) (pixel) (pixel)
Cleaning Robot Size . . .
(W) 2020 (pixel)| 18x21 (pixel) | 25%20 (pixel)
Minimum Turning . . .
Radius 15 (pixel) 20 (pixel) 24 (pixel)
Overlap Width 3 (pixel) 2 (pixel) 1 (pixel)
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[Fig. 12] Visualization results comparing various parameter
variables of the proposed method

[Table 4] Analysis of path generation based on the proposed
method for cleaning robot with various parameter

Case [ Case I Case 11
T pantengn | 20| 2|0
Overall Coverage Ratio 100 (%) 100 (%) 100 (%)
Path Overlap Ratio 14.43(%) | 6.35(%) | 5.61 (%)
Cleaning Area Departure Ratio| 0 (%) 0 (%) 0 (%)
Adjusted Overlap Width | 2 (pixel) 1 (pixel) | 1 (pixel)

17 G = ARESISITh

Case [9|A= A4 250 A|22} 712 Zo|7F 5Yet 42
TRE9lom, FA Ph2 A= o7t 712 Aol Bt Z HApzY
O 2 MA5I3it o] 3% 24 31 §EES 15 pixel, QHH HZ
3 pixel = A7gslo] HEE AY/JSIGAT Case 1= 712 Aol 7HA|
E Zo|Hrt Z AAHY 4GS o2 a3l om, Ha 259
7] JA| ZtE7F Mz 2 98 A= o] A9 A
31§32 20 pixel, 23 F-2 2 pixel 2 H7sl0] H2E A
J5t3iTt. Case HIOA= 4 Fo] BATE FHIE, A=
RO N|27} 7tE T F 35 TSI o] A% F4 3 vt
73824 pixel, Q¥ ZL- | pixel 2 A5} F2E PAIIA
t}. o] g3t Alo|AE2 ARk Hho| iRt Aol 2t
O = ALH 4 U= ASI] Al A= Z Aol A=
4 230 719t 4 JYo FE7HHE AR AU 51
P, ol Bl At A= A e HEAdT RS B
ofETt

[Fig. 12]+= [Table 3]12] Case I, Case II, ZL2]3L Case III g}l
et g E B EE AR Ajolth, BE A4 S HES)
HA] o[5}A] gkl o) 5 A2 E Aok e HolEr 59,
AR A oM S 2k HA JH RS T
o] P4 FY Yo LE JHS ayhE o 2 AThS ERIgh
O}, IESE, AQHE RS TRt 72719] A4 FYolA] g
= USoH, oA F A4 B A7 H A FF A7
StEjete H= Algo] fstA 2FE & 52 AXRI o]
St A= AIRFE HhHo] AAA 2]ttt AluR] oA = A8
7hs/3E& BojErt

[Table 4]%= [Fig. 12]914 A|Z2] 0 & Hoj& HHES 52|35}
SiA et Aatolth Al 7HA] B9 B AHEC] 100%E =
AL, 4 G o HIEO] 0 %= A4 FHZ o[HsHA| ekttt
BE FE &2 QW Fof ofs] A4=H, ZH712] CaseollA
A7 meprelof wet @HFY FHo| AU Ak WS
TRt B Aol Etolal A4 JHS A okA AHuolH,
AR o[ Qo] AEARI AR A 71T ERITE E AF 9
A= A|RF ¥rio] thefet et 2704 QP Aol ax

2~ O _O Z. 5]
oz H8H £ IYZE UFTH

i

ofl

f

4w
_0|L

i
oX %O

£ B0 APC §77} o] Q980] B2 thg7t 42 9]
o 2 Gl oY A 230) 2 FRS 4 0e Jou 27}
of 0 A W B oS FEDI0] TSI RS
AT, AHE HhEL 23] F Y NI Bk ) By
2 Fejsle] Y GL ofe) TR0 B, 7 718 Ha
RS AN} A2 A WIS T, vl %



49 50 AR BB FskA 245 whEe] 7 ol
2 A0 Peld 4w sk 71 el vl B
o AGHE WL A1) BRI A A SRl 95t
e gz

T AT Bk G TRt Fef 2 Aol A A

%W%ﬂﬂ%iﬂ@?éi o] Besi) 271K 02 5 W
o504 2] H4 F o|g: 1Tt o Fo|r}. T3k HA 2E
ofl FZAI71A] gl Tt o5 2o H8ote] 1 JHS e
48 Agolc. olaig e Y4 25 71&8w opel, o)
25 L83 Tkt 484 8- HopojAle] 4844 F7A]

[e]

7ledl $83 IS T Aoz 7|HEH

References

[1] X. Chen and T. Voigt, “Implementation of the Manufacturing
Execution System in the food and beverage industry,” Journal of
Food Engineering, vol. 278, pp. 109932, Aug., 2020, DOI:
10.1016/j.jfoodeng.2020.109932.

E. Prassler, A. Ritter, C. Schaefter, and P. Fiorini, “A short history
of cleaning robots,” Autonomous Robots, vol. 9, pp. 211-226,
Dec., 2000, DOI: 10.1023/A:1008974515925.

A. Kolling and C. Stefano, “Surveillance Strategies for Target
Detection with Sweep Lines,” 2009 IEEE/RSJ International
Conference on Intelligent Robots and Systems, St. Louis, MO,
USA, pp. 5821-5827, Oct., 2009, DOI: 10.1109/IROS.2009.
5354225.

K. M. Hasan, Abdullah-Al-Nahid, and K. J. Reza, ‘“Path Planning
Algorithm Development for Autonomous Vacuum Cleaner Robots,”

3

[

2014 International Conference on Informatics, Electronics &
Vision (ICIEV), Dhaka, Bangladesh, pp. 1-6,2014, DOIL: 10.1109/
ICIEV.2014.6850799.

J. Kwak, H. Shin, H. Yoon, J. S. Oh, K.-H. Seo, and K. Lee,
“Divide Cleaning Area Method for Multi-cleaning Robots Using
Manufacturing Execution Systems Based on Contamination-
level Estimation,” Journal of Institute of Control, Robotics and
Systems, vol. 29, no. 10, pp. 787-793, Oct., 2023, DOI: 10.5302/
J.ICROS.2023.23.0117.

P. Bhattacharya and M. L. Gavrilova, “Voronoi Diagram in
Optimal Path Planning,” 4th International Symposium on Voronoi
Diagrams in Science and Engineering, pp. 38-47, Jul., 2007,
(ISVD 2007), Glamorgan, UK, pp. 38-47, 2007, DOI: 10.1109/
ISVD.2007.43.

F. Aurenhammer, “Voronoi Diagrams—a Survey of a Fundamental
Geometric Data Structure,” ACM Computing Surveys (CUSR),
vol. 23, no. 3, pp. 345-405, Sept., 1991, DOIL: 10.1145/116873.
116880.

(5]

(o]

(7]

(8]

(10]

(11]

[12]

(13]

[14]

[15]

[16]

[17]

A. Ch. Kapoutsis, S. A. Chatzichristofis, and E. B. Kosmato-
poulos, “DARP: Divide Areas Algorithm for Optimal Multi-Robot
Coverage Path Planning,” Journal of Intelligent & Robotic Systems,
vol. 86, pp. 663-680, Jun., 2017, DOIL: 0.1007/s10846-016-0461-x.
V. G. Nair and K. R. Guruprasad, “MR-SimExCoverage: Multi-
robot Simultaneous Exploration and Coverage,” Computers &
Electrical Engineering, vol. 85, Jul., 2020, DOI: 10.1016/j.com
peleceng.2020.106680.

V. G. Nar and K. R. Guruprasad, “GM-VPC: An Algorithm for
Multi-robot Coverage of Known Spaces Using Generalized
Voronoi Partition,” Robotica, vol. 38, no. 5, pp. 845-860, May,
2020, DOI: 10.1017/S0263574719001127.

C. Hofner and G. Schmidt, “Path Planning and Guidance Techni-
ques for an Autonomous Mobile Cleaning Robot,” Robotics and
autonomous systems, vol. 14, no. 2-3, pp. 199-212, Dec., 1995,
DOI: 10.1016/0921-8890(94)00034-Y.

A. Khan, I. Noreen, and Z. Habib, “On Complete Coverage Path
Planning Algorithms for Non-holonomic Mobile Robots: Survey
and Challenges,” Journal of Information Science and Engineering,
vol. 33, no. 1, pp. 101-121, 2017, [Online], https:/jise.iis.sinica.
edu.tw/JISESearch/pages/View/PaperView.jsf?keyld=154 1997.

H. Choset, “Coverage of known spaces: The boustrophedon
cellular decomposition,” Autonomous Robots, vol. 9, pp. 247-253,
2000, DOI: 10.1023/A:1008958800904.

T. R. Schéfle, S. Mohamed, N. Uchiyama, and O. Sawodny,
“Coverage path planning for mobile robots using genetic algorithm
with energy optimization,” 2016 International Electronics Symposium
(IES), Denpasar, Indonesia, pp. 99-104, 2016, DOI: 10.1109/
ELECSYM.2016.7860983.

C.-W. Jeon, H.-J. Kim, C. Yun, X. Han, and J. H. Kim, “Design
and validation testing of a complete paddy field-coverage path
planner for a fully autonomous tillage tractor,” Biosystems
Engineering, vol. 208, pp. 79-97, Aug., 2021, DOI: 10.1016/
j-biosystemseng.2021.05.008.

X. Han, H.-J. Han, C. W. Jeon, H. C. Moon, J. H. Kim, and S. Y.
Yi, “Application of a 3D tractor-driving simulator for slip esti-
mation-based path-tracking control of auto-guided tillage operation,”
Biosystems Engineering, vol. 178, pp. 70-85, Feb., 2019, DOI:
10.1016/j.biosystemseng.2018.11.003.

H. Liu, J. Ma, and W. Huang, “Sensor-based complete coverage
path planning in dynamic environment for cleaning robot,” CAAI
Transactions on Intelligence Technology, vol. 3, no.1, pp. 65-72,
Mar., 2018, DOI: 10.1049/trit.2018.0009.



414 =353 =51 41998 A4E (2024, 12)

a4
2021 A=A st ZFE Teld

(F3Hb
2023 ekt A A EASSIHES D
2024~37) Bl R g oIS F=o]oi ]

—_—

A S

Bk A, Held, AR Al Ao}

N

2015 Aokl Al w2
(”iW)

2017 AEuiglw AFE]FeaHFEAIAD

2021 “F=sh Elﬂlﬂﬂ-‘ﬂ%*ﬁl*ﬂb\})

2022~37) =R gt Mool

Tiltok QIBAF, Held, 25 Ao

J
—E Hol
O

el =3t

)
]

At AD

2011 g st tALDEH 2B F A
2014 AAlchs AFEASHE D
2018~3A)] 2 EGIATY AT

T2
2017 Argehetal o 8-5 K e
2020 ZAE et 7| Al s A
2019~@A F=ERFEATL AddT

WAk 71A A, 72 31

Mz s

1999 el A7) Fsl(FstAh
2001 KAIST A7 Ax}-F8HFs A
2009 KAIST 714 ixh‘}(*g}uu})
2009~31A] F=EEGEATL =M AT
2020~2022 POSTECH 7 ]71]—'—§]u4— 7375]57_—,—
2021~3A)] AENEw 25 Y AnlE

A28t A wep

Aok A2l FHRR, dlof2lERR, mrllek



	청소 로봇의 회전 반경을 고려한 청소 영역 오버랩 균등 분배 기반 경로 계획 효율화 방법
	Abstract
	1. 서론
	2. 청소 로봇의 이동 경로 계획 방법
	3. 실험
	4. 결론 및 향후연구
	References


