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A Guideline Tracing Technique Based on a Virtual Tracing
Wheel for Effective Navigation of Vision-based AGVs

Minhwan Khnt Sungmin ByunH

ABSTRACT

Automated guided vehicles (AGVs) are widely used in industry. Several types of vision-based AGVs
have been studied in order to reduce cost of infrastructure building at floor of workspace and to increase

flexibility of changing the navigation path layout. A practical vision—based guideline tracing method is

proposed in this paper. A virtual tracing wheel is introduced and adopted in this method, which enables
a vision—-based AGV to trace a guideline in diverse ways. This method is also useful for preventing
damage of the guideline by enforcing the real steering wheel of the AGV not to move on the guideline.
Usefulness of the virtual tracing wheel is analyzed through computer simulations. Several navigation
tests with a commercial AGV were also performed on a usual guideline layout and we confirmed that

the virtual tracing wheel based tracing method could work practically well.

Key words: Line Tracking, Vision Based Guideline Tracing, Automated Guided Vehicle (AGV), Vision—
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Fig. 1. A vision—based AGV: (a) an AGV with a camera installed in its body, (b) a tricycle configuration with a steering
wheel and two rear wheels, the instantaneous center of rotation (ICR), and the visible area (blue shaded
rectangle) of a camera mounted over the center of the steering wheel, (c) a driving target point determined
as the intersection of a scan line with a (bole gray) guideline, and a steering angle ¢ between the (green)
center body line of the AGV and the (red) steering vector
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(a) ()

Fig. 2. A vision—based AGV with a (green) virtual tracing wheel: (a) A vision camera and the virtual tracing wheel
are located at middle of AGV body. The (red) steering vector for the virtual tracing wheel can be computed,
as described in Fig. 1(c). Then the (black) steering vector for the steering wheel can be determined such
that the above three support lines meet at ICR point p; (b) The virtual tracing wheel need not to be on the
(green) center line of the AGV body,
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Fig. 3. Affect of dual virtual tracing wheel; A virtual
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Fig. 4. A vision—based AGV with a (green) virtual tracing
wheel: (a) A vision camera and the virtual tracing
wheel are located at middle of AGV body. The
(red) steering vector for the virtual tracing wheel
can be computed, as described in Fig. 1(c). Then
the (black) steering vector for the steering wheel
can be determined such that the above three
support lines meet at ICR point p; (b) The virtual
tracing wheel need not to be on the (green)
center line of the AGV body.
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Fig. 5. Loci of AGV movements near a rounded corner: (a) four positions of a virtual tracing wheel for testing AGV’ s
movements, (b) loci of AGV according to the positions from upper to lower.

Fig. 6. Loci of AGV at crossed guideline area in order to path through freely; loci from left to right according to
the virtual tracing wheels from upper to lower in Fig. 5(a).
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AGV without a virtual tracing wheel; Middle: AGV
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Fig. 8. A vision based AGV with a virtual tracing wheel:
(a) inside view of AGV, and (b) overview of
guideline structure including branch, join, and
crossroad.
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r.

Fig. 9. Images of an AGV with a virtual tracing wheel on a straight line, a curve line, a branch, a join, a damaged
line, and a marker area, respectively, from top to bottom and from left to right.
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