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Abstract Air ducts installed for ventilation inside buildings accumulate contaminants during their service
life. Robots are installed to clean the air duct at low cost, but they are still not fully automated and
depend on manpower. In this study, an intersection detection algorithm for autonomous driving was
applied to an air duct cleaning robot. Autonomous driving of the robot was achieved by calculating the
distance and angle between the extracted point and the center point through the intersection detection
algorithm from the camera image mounted on the robot. The training data consisted of CAD images of
the duct interior as well as the cross-point coordinates and angles between the two boundary lines. The
deep learning-based CNN model was applied as a detection algorithm. For training, the cross-point
coordinates were obtained from CAD images. The accuracy was determined based on the differences in
the actual and predicted areas and distances. A cleaning robot prototype was designed, consisting of a
frame, a Raspberry Pi computer, a control unit and a drive unit. The algorithm was validated by video
imagery of the robot in operation. The algorithm can be applied to vehicles operating in similar

environments.
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Fig. 1. Square air duct and dust inside the duct
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Fig. 2. (a) CNN algorithm for cross point detection
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algorithm
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Fig. 3. Possible views from inside the air duct
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Fig. 4. (a) Possible square duct shapes (b) Inside the
air duct 3D CAD model)
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Fig. 6. CNN structure for cross point detection
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Fig. 7. (a) Error determination based on comparison
between real and predicted areas (b)
Determination of accuracy based on distance
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Table 1. Accuracies of area and distance
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Fig. 11. Prototype of cleaning robot

Fig. 12. Validation of autonomous driving algorithm
for cleaning robot
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Fig. 13. Result of cross point detection algorithm

(a) cross point detection for simplified duct;
(b) cross point detection for actual duct

Table 2. Result accuracies of area and distance

Accuracy (%) Test
Duct Image
Area Distance 8
Simplified 92.6 58.2 50
Real 55.9 29.2 15

Table 3. Average pixel differences between actual
and detected distances in x- and y-directions

Duct X-axis y-axis
Simplified 33.5 71.0
Real 124.0 47.7
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