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This paper proposes a distributed collaborative bird
detection and response system integrating multiple
LiDARs, a gimbal camera, and a patrol robot, validated
in Gazebo. LiDAR-fused DBSCAN clusteringand a
Kalman filter detect and track birds, as confirmed
visually via a gimbal camera. Proportional navigation,
pure pursuit, and sliding mode control (SMC) were
compared as pursuit controllers, and SMC was
adopted for its superior distance, smoothness, and
repeatability, with RViz2 trajectories confirming close
pursuit.

Z5 2 412|(Bird Strike Prevention),
C}Z 20|t 88HMulti-LiDAR Fusion),
43| 24 (Object Tracking),

£210|d B = A|0{(Sliding Mode Control),
DBSCAN 22 AE{Z(DBSCAN Clustering)
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Fig. 1. Multi-sensor operational architecture for airport
obstacle detection
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Fig. 2. Patrol-to tracking state transition diagram
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Table 1. Point cloud time-synchronization results for
different slop tolerances

Tracking
Slop Matched ~ Matching Ratio to individual
tolerance (s) HEWES rate (Hz) source
Fig. 3. Detection-to-tracking processing pipeline
0.35 450 7.49 93.3%
0.07 424 7.06 87.9%
0.03 424 7.06 87.9%

Table 2. DBSCAN clustering, target-candidate filtering,
and tracking parameters

Category Parameter Value

DBSCAN eps / min_samples 0.6m/3

Target-candidate ~ Max. bounding box

filter size (x, y, 2) 20m/2.0m/1.5m

Target-candidate

filter Min. centroid height 2.0m

. Track-to—detection
Track matching matching distance 8.0m

Locked-target

Fig. 4. Tracked bird visualized with a bounding box in
missed-detection limit RViz2

Track retention 40 frames
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Fig. 5. Simulated runway environment in Gazebo
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Table 3. Evaluation metrics for pursuit control compar-
ison

Metric Definition Direction

Mean horizontal distance
between robot and target Lower is better
during tracking mode

Average
distance (m)

Fraction of tracking—mode
time the distance stayed Higher is better
within 2.5 m

Time within
2.5m (%)

Steering ?“9”'5” Standard deviation of robot .
velocity . Lower is better

variability (°/s) yaw angular velocity

A WE 77 ¥o] ¥ & [ A% A3 Table 49

£ e

Z

Table 4. Comparison of pursuit control methods

Metric SMC Pure Pursuit =\
Average 2924021  3.81+0.39 2.8340.34
distance (m)
Time within
2.5m (%) 39.5+3.1 25.7+£12.7 51.2+3.1

Steering angular
velocity 24.7 37.1 32.0
variability (°/s)
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Table 5. SMC parameters
Symbol Value Description
ky 1.5 Proportional gain
ky 0.2 Integral (switching) gain
€ 0.05 Regularization constant
6b 0.05rad Alignment deadband
uy limit 1.0 rad/s Integral term saturation limit
k, 1.0 Angular velocity damping gain

Fig. 7. RViz2 visualization of bird (green) and robot
(red)
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