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Sensor-based Motion Planning Algorithm for High-rise Building
Facade Cleaning of Built-in Guide Type Multi-Robot
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Abstract: With the increasing number of high-rise and large-scale buildings, modern buildings are becoming intelligent, and are
incurring high construction costs and requiring careful maintenance. Maintenance works for high-rise buildings significantly depend
on human labor, unlike other construction processes that are gradually being automated. The resulting accidents may produce very
high social and economic losses. To address this problem, herein, this paper proposes robotic building maintenance system using
multi-robot concept, in specific, cleaning a building fagade which is directly subjected to minimize human labor; that improves the
process efficiency and economic feasibility. The sensor for detecting contamination of building’s outer-wall glass is proposed;
Kalman filter was used for estimating robots’ status with the contamination of the window glass. Task allocation of the sensor based
multi-robots for an effective way of task execution is introduced and the feasibility was verified through the simulations.
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Fig. 1. State of the art in building facade maintenance system.
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Fig. 2. System configuration and its task scenario.
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Fig. 3. Configuration of tool for building facade.
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Fig. 4. Sensor configuration and detecting method for contamina-
tion of window glass.
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Table 1. The population mean and 95% confidence interval of voltage distribution from contamination sensor module.

Population Mean

(Con'::r(ﬁ%rzalg\éﬁlslevel) ’:;r;npg?rl;gg Sensor Sensor Sensor Sensor Sensor Sensor Sensor Sensor
#1 #2 #3 #4 #5 #6 #1 #8
95% confidence interval (t) 0.005 0.004 0.006 0.007 0.004 0.013 0.008 0.011
1 291 377+t 4,69+t 4,64+t 4,66+t 472+t 463+t 4,69+t 470+t
2 291 344+t 4,62+t 422+t 4,09+t 459+t 4,02+t 445+t 440+t
3 291 292+t 377+t 3.13+t 3.21+t 3.95+t 311+t 3.87+t 348+t
E 2 A4 25 BARAE ok
Table 2. The ANOVA table of the proposed sensor module at each contamination level.
s Degrees of F,- value F(a)
ource _
freedom Fo1 Foo Fo3 Foa Fos Fos Fo7 Fos 0=0.05, 0.01
Factor levels 2 25594.33" 54222117 60325.79" 39417.327 5014956~ 1355733 1145248~ 13380.75  3.01,4.63
Residuals 870
Corrected total 872
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Table 3. The parameters for simulations.

Symbol | Value Description
k 21 Number of horizontal rails
n 3 Number of child-robot
dy 1im Length of horizontal rail
d, 3m Distance between the two horizontal rails
Vi mex 0.2m/s | Maximum velocity of parent-robot
Vemin 0.01m/s | Minimum velocity of child-robot
Ve mex 0.05m/s | Maximum velocity of child-robot
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Number of child-
robot

Multi child-robot
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(n=1)
Cleaning method
Without the sensor
(remain the minimum
velocity of child-robot)
Proposed method

46500 second
or 12.9167 hour

15700 second
or 4.4167 hour

17153.4 second
or 4.7648 hour

4352.6 second
or 1.2091 hour
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