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Abstract

Aiming at the problems that the three-UAV encirclement formation is prone to deviating when the
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speed of a maneuvering target changes abruptly, and that grey wolf optimization under limited
iterations struggles to promptly restore effective candidates, this paper proposes a prediction-slot-
guided state-triggered adaptive grey wolf optimization method. First, a finite-difference acceleration
estimate is used to predict the short-term target position, around which three reference slots with
prescribed altitude offsets are constructed. Second, the slots are inverse-mapped into a nine-di-
mensional acceleration guidance vector, and several candidates are recovered at a fixed internal
iteration under an equal per-recovery evaluation budget. Thirty paired runs in the horizontal ab-
rupt-turn scenario show that, compared with random-recovery GWO, ST-A-GWO reduces the mean
recovery time by 0.0867 s and the radius root-mean-square error by 0.0128 m, while increasing
the eligible encirclement ratio by 0.0048. The corresponding 95% confidence intervals do not cross
zero. Comparisons with particle swarm optimization and improved grey wolf optimization support
the recovery advantage in the horizontal scenario, although limitations remain in control effort
and cross-scenario performance.
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Figure 1. Constrained three-dimensional cooperative encirclement model for three UAVSs: (a) Three reference slots around the
predicted target; (b) Three-step prediction and motion constraints; (c) Receding-horizon optimization loop of the nine-dimen-
sional control variable
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[ Read UAV and target states ]

v

Estimate target acceleration
Predict 0.6 s position and update 3 slots

.

Compute joint state n and adaptive factor a
Initialize 28 nine-dimensional candidates
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Evaluate population and perform GWO update
Internal iteration £ =1, ..., 45

}

/ B S \ |

Predictive-slot-guided recovery | . ] .
6 poorer candidates; strict acceptance J >[ Continue regular GWO iterations

12 additional objective evaluations
/ 1
[ Output the best acceleration and execute 0.2 s ] I
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[ Advance state k — k + 1 until 18 s ] ____________________________________ i

Next control cycle

Algorithm 1. Receding-horizon ST-A-GWO procedure
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Table 1. Main simulation and algorithm parameters
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Table 2. Compared methods and experimental roles
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Figure 2. Representative encirclement process of ST-A-GWO in the horizontal abrupt-turn scenario (seed 10301): (a) Three-
dimensional trajectories of the target and three UAVS; (b) Radius root-mean-square error; (c) Joint state variable
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Table 3. Sequential ablation results in the horizontal abrupt-turn scenario
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Table 5. Results of different optimizers in the horizontal abrupt-turn scenario
2 5. KRR T ARG ERER
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Figure 3. Distributions of PSO, IGWO and ST-A-GWO over 30 random seeds: (a)~(c) Horizontal abrupt-turn scenario; (d)~(f)
Vertical abrupt-maneuver scenario. Diamonds denote means
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