Modeling and Simulation B 545K, 2024, 13(1), 123-135 Hans i
Published Online January 2024 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2024.131013

LA tlas A BRI MK 5 SERHE I

z%_l_é)-(‘l,Zﬁ’ $ _.TLl,Z,B, ,i!lr_ A 1,2,3, gﬁ‘}%;ﬁlz,y
LR TR R A TR SRR, L

2 big B B R ROR B L, b
‘REGEHAIIRE R S A TREE =, L

ks Hi: 20234F10A31H; FHAHEM: 20234F12A31H; KA H: 2024417 10H

H E

Bt B AT BRI AL A TR N A S 4% BOSR T 2 B AT R RO O &, AR SUER T —FHLRE B
TERLT N ARSRIE 50 B SER BB MR BB HI 715 . B SE R S IRBREFFEAN SR 5 =BT HEAT IR
WAZREER KL, RERA=ZARHEXRENBERXBGHTEREM T, 46 NMEEHEXIER
BRI TR0 TEALE BENERRE, =i T —FaoBEih e, Me LR R wmst
BEHSABLID R, B)5 UBRANTRETER, FREIE THSAT BEN T NERHE R BRI A
BEGETAMASERMXSEE LS FKEFEWS, REWEEL3 mm, 7] LIFE60 sP B AT 52 SAL 3 5]
FHRE BRI MR ST RERSE, EHITERA RIF RS BCR MBS R .

XKigid
FBNSEENLEAN, KRR, BREAKHIZ, BER, PUTHRI

Planning and Real Time Control of Cleaning
Trajectory for Bathing Robot

Shikai Feng!23, Ping Li123, Peng Xu123, Hongliu Yu1.23*

'Institute of Rehabilitation Engineering and Technology, University of Shanghai for Science and Technology,
Shanghai

2Shanghai Engineering Research Center of Assistive Devices, Shanghai

*Key Laboratory of Neural-Functional Information and Rehabilitation Engineering of the Ministry of Civil Affairs,
Shanghai

Received: Oct. 31, 2023; accepted: Dec. 31%, 2023; published: Jan. 10", 2024

TEIER .

EF|I M BEYL, ZF, VR, WAL Ve pLa N BRI ) S S PRI D] RS 03K, 2024, 13(1): 123-135.
DOI: 10.12677/mos.2024.131013


https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mos.2024.131013
https://doi.org/10.12677/mos.2024.131013
https://www.hanspub.org/

Byl &

Abstract

In response to the current problem of auxiliary bathing robots being unable to accurately scrub
the complex surface contours of the human body, this study proposes a scrubbing control method
with a robotic arm adaptive to real-time trajectory planning of the human body surface contour.
Firstly, the obtained point cloud trajectory is optimized using cubic B-spline interpolation to ob-
tain a more accurate trajectory. Then, the triangulation dual relationship method is used to esti-
mate the normal vector of the scrubbing area. Combined with the contour of the human scrubbing
area, an adaptive update strategy for the end tool pose is proposed, and a segmented interpolation
processing method is proposed. By integrating the above process, the scrubbing trajectory plan-
ning of the bathing robot is ultimately completed, Finally, experiments were conducted on dum-
mies, and the results verified that the robot can adapt to the contour of the human body surface
and adjust the axial direction of the cleaning tool to be perpendicular to the contact area and
closely fit the skin, with an error range of +3 mm. It can complete visual-guided robotic arm mo-
tion planning and cleaning within 60 seconds, and the control method has a good cleaning effect
and accuracy.
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Figure 1. Scrubbing process of the robot
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Figure 2. Intelligent assisted bathing robot system
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Figure 3. The scrubbing trajectory after fitting
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Figure 4. Trajectory error in y-direction before and after interpolation
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Figure 5. Topological relationship between location points
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Figure 6. Normal vector estimation for
scrubbed surfaces
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Figure 8. Interpolation point first in, first out queue
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Figure 9. Schematic of the scrubbing pose
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Figure 10. Figure of changes in back contour angle
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Figure 13. Changes in robot joint angle during scrubbing process
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