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Tip-over Terrain Detection Method based on the Support Inscribed
Circle of a Mobile Robot

of & Bl 8 Z, kA W

(Sungmin Lee', Jungkil Park', and Jaebyung Park™")

'Division of Electronics and Information Engineering, Chonbuk National University

*Division of Electronics Engineering and Advanced Electronics and Information Research Center, Chonbuk National University

Abstract: This paper proposes a tip-over detection method for a mobile robot using a support inscribed circle defined as an
inscribed circle of a support polygon. A support polygon defined by the contact points between the robot and the terrain is
often used to analyze the tip-over. For a robot moving on uneven terrain, if the intersection between the extended line of
gravity from the robot’s COG and the terrain is inside the support polygon, tip-over will not occur. On the contrary, if the
intersection is outside, tip-over will occur. The terrain is detected by using an RGB-D sensor. The terrain is locally modeled as
a plane, and thus the normal vector can be obtained at each point on the terrain. The support polygon and the terrain’s normal
vector are used to detect tip-over. However, tip-over cannot be detected in advance since the support polygon is determined
depending on the orientation of the robot. Thus, the support polygon is approximated as its inscribed circle to detect the
tip-over regardless of the robot’s orientation. To verify the effectiveness of the proposed method, the experiments are carried out

using a 4-wheeled robot, ERP-42, with the Xtion RGB-D sensor.
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Fig. 1. Support polygon and support inscribed circle on the mobile
robot ERP-42.
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Fig. 2. Tip-over terrain analysis using the support inscribed circle
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Fig. 3. Tipover-free acceleration and offset area.
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Fig. 4. The relationship between tipover-free acceleration and

slope angle.
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Fig. 5. The mobile robot components for tip-over prediction.
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