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Development of a Local Geofence System for Efficient
Operational Area Determination in Robot Navigation
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Abstract: Recently, autonomous mobile robots have been widely adopted across various industrial
fields, including transportation, logistics, agriculture, and construction, and the importance of geofence-
based safety control for distinguishing operational and restricted areas has increased in unstructured
environments. However, conventional global geofence-based methods continuously determine whether
the robot position lies inside the predefined area using all boundary information of the entire workspace.
As a result, unnecessary points and boundary data are also processed, which increases data complexity
and computational burden. To address this limitation, this study proposes a local geofence-based
position determination method that selectively uses only a subset of boundary points around the
robot while preserving the global geofence. The proposed method extracts only the boundary points
required for position determination based on the current robot location and dynamically adjusts the
number of points used according to the geometric characteristics of the driving environment, such
as straight and curved sections. Experimental results show that, while the global geofence consisted
of 147 points in total, the proposed method required only 8.7 points on average for position
determination, using about 5 points in simple sections and about 13 points in complex sections.
These results demonstrate a reduction of more than 91% in the number of points used and verify that
the proposed method significantly improves the computational efficiency of position determination

while maintaining the same geofence shape.
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[Fig. 1] Global Geofence-Based Local Geofence Creation Process
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[Algorithm 1] Local Geofence Selection

Input : G (global geofence set), p_r (robot position),
r (search radius), 4's (sampling interval)
Output : G_local (Local geofence set)
1. G local <+ &
2. C _local < generate local circle(p_r, 1)
3. S local < sample points_on_boundary(C _local, 4s)
4. foreachP i € Gdo

5. foreachs k€S local do

6 if inside(s_k, P_i) then

7. G_local < G local U {P_i}
8. break

9. end if

10.  end for

11. end for

12. return G_local
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[Fig. 2] Comparison between global and local geofence-based
in/out decision
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[Algorithm 2] In/Out Determination based on Geofence

Input : p_r (robot position), V (geofence vertices)
Output : state (inside / outside)

1. inside < False

2. for each edge formed by consecutive vertices in V do

3. ifintersects(ray from(p r), edge) then
4. inside < not inside

5. endif

6. end for

7.

return inside if inside = True, otherwise outside
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[Fig. 4] Parameter sensitivity analysis of the proposed local
geofence method in simulation
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[Table 1] Geofence Complexity and Runtime Comparison
(simulation)

Local Global Local
Category Global | (Reduction | Runtime Runtime
Rate, %) (ms) (ms)
Maximum 16.0
Vertices 3,460 (99.54) 3.997 0.852
Minimum 5.0
Vertices 3,460 (99.86) 3.321 0.594
Average 11.7
Vertices 3,460 (99.66) 3.487 0.671
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[Table 2] Geofence Complexity and Runtime Comparison (Real
Environment)

Local Global Local
Category Global | (Reduction | Runtime Runtime
Rate, %) (ms) (ms)
Maximum 13.0
Vertices 147 (91.16) 0.979 0.645
Minimum 5.0
Vertices 147 (96.60) 0.905 0.575
Average 8.7
Vertices 147 (94.08) 0.943 0.610
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[Fig. 9] Comparison of In/Out Decision Results Between Global and
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[Table 3] Decision Agreement Result (Real Environment)
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