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Vision-Based Mobile Robot Navigation by Robust Path Line Tracking

Minhyuk Son and Yongtae Do*

Abstract

Line tracking is a well defined method of mobile robot navigation. It is simple in concept, technically easy to implement, and already

employed in many industrial sites. Among several different line tracking methods, magnetic sensing is widely used in practice. In
comparison, vision-based tracking is less popular due mainly to its sensitivity to surrounding conditions such as brightness and floor
characteristics although vision is the most powerful robotic sensing capability. In this paper, a vision-based robust path line detection

technique is proposed for the navigation of a mobile robot assuming uncontrollable surrounding conditions. The technique proposed has

four processing steps; color space transformation, pixel-level line sensing, block-level line sensing, and robot navigation control. This

technique effectively uses hue and saturation color values in the line sensing so to be insensitive to the brightness variation. Line finding

in block-level makes not only the technique immune from the error of line pixel detection but also the robot control easy. The proposed
technique was tested with a real mobile robot and proved its effectiveness.

Keywords : Vision sensing, Line tracking, Mobile robot navigation, Color image segmentation.
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Fig. 1. Steps of vision-based path line tracking technique proposed
for robot navigation.
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Fig. 2. Line pixel detection by Otsu’s automatic segmentation
method: (a) Original image, (b) Histogram on H-S color plane,
(c) Segmentation result.
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Fig. 3. Example when Otsu’s method fails: (a) Original image, (b)
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(d) Histogram of S values.
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Fig. 5. Error analysis of block-level processing: (a) When the path
line perfectly matches a block, (b) When the maximum error
occurs.
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Fig. 7. Experimental path line images acquired in different
surrounding conditions.
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Fig. 8. Intensity-based path line pixel detection results for the
experimental images of Fig. 7.
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Fig. 9. Results by using Otsu’s method to the H-S planes of the
experimental images.

Fig. 10. Results by selecting H and/or S image(s) based on their
statistical distributions for the experimental images.
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Table 1. Quantitative comparison between two path line
pixel detection methods for 200 sample pixels

Method ;
Otsu’s method on H-S plane Image i;:lectlon between
Results and/or S
Ly 137 181
Lg 63 19
Bt 169 186
Bg 31 14
h 76.5 91.75
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Fig. 11. Results by edge detection using Canny’s method after color
conversion from [R,G,B] to [H,S].
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Fig. 12. Mobile robot used for the experiment.
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