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UAYV task allocation method based on hybrid bald eagle-aquila optimization
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Abstract: To address the shortcomings of existing multi-UAV task allocation models, which use linear distance as a metric
and ignore environmental constraints such as terrain and threat sources, and to solve the problem of the traditional Bald Eagle
optimization algorithm, which suffers from insufficient population diversity and proneness to local optima, a multi-UAV task
allocation method based on Hybrid Bald Eagle-Aquila Optimization (HBAO) is proposed. First, a multi-traveling salesman
task allocation model is constructed that integrates three-dimensional terrain, threat sources, and UAV physical constraints.
Task allocation and trajectory planning are tightly coupled via a cost function. Then, a task allocation encoding is designed
and the optimization strategy is improved. The expand - contract search strategy of the Aquila optimization algorithm is
integrated into the global search phase of the Bald Eagle algorithm to improve exploration efficiency. A refractive back -
learning mechanism is introduced to enhance population diversity, effectively balancing algorithm development and
exploration capabilities. Finally, dual-model experiments are designed to validate the algorithm's performance. Results show
that the proposed HBAO algorithm achieves high solution accuracy and convergence speed in complex battlefield
environments. Its overall performance outperforms five competing algorithms, with significantly reduced global cost, while

generating low-energy, highly adaptable task allocation solutions.
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Fig. 2 Three-dimensional parameter space of each test function and algorithm convergence curve
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Table 2 The average optimal fitness value of the algorithm under each test function

Bk F, F, F, F, Fy Fy

BES 1. 06E-+03 2.34E403 7.71E+02 1.91E+03 1. 77E+03 2.31E+03

BKA 4.22E+06 2.02E+03 7.76E+02 1.91E+03 2.48E+03 2.33E+03

SSA 3. 34E+409 3.65E+03 8.93E+02 4. 10E+04 2.67E+03 2.52E+03

POA 6. 76E+05 3.79E+03 8. 70E+02 5.23E+04 2.37E+03 2.85E+03

DBO 1. 54E+03 2.60E+03 8.37E+02 1.93E+03 2.25E+03 2.32E+03
HBAO 1. 24E+02 1.96E+03 7.42E+02 1. 90E+03 1. 74E+03 2.30E+03
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Fig. 3 Iteration curves with different weight distribution
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Fig.4 Model 1: Algorithm task allocation solution results
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Table 4 Model 1: Results of multi-UAYV collaborative task allocation in a three-dimensional battlefield environment

Wik

RARAT 557 51

TAHLLIFF
TAHL 2751
Je AL 3751
FTAHLLFS
FTAHL2 751
TENAHL 375
FTAHLLFF
FTAHL2 751
TENAHL3IFH
FABLLIF 51
FTAHL2 751
FTEAHL3IFF
TENAHL LT 51
FTAHL 2751
FTEAHL3FFI
TAHLLIFF
T AHL 2751
FTNHL3IF 51

BES

BKA

SSA

POA

DBO

HBAO

1=>5—>6—>7—>14—>17—>18—>25—>29—>2—>1
1—>3—>19—>22—>20— >28—>26—>4—>21—>15—>1

1= >30—>13—>9—>8—>10—>11—>12—>16—>23— >27—>24—>1
1=>14—>17—>11—>8—>22—>20—>10—>26—>21—>1
1=>7—>16—>9—>19—>15—>24—>5—>23—>3—>1

1= >6—>18—>28—>12—>25— >4—>30— >29— >27—>2—>13—>1
1= >12—>14—>29—>23—>2—>18—>13—>16—>27—>1

1= >15—>3—>4—>19—>26—>10—>9— >29—>25—>1
1—=>21—>11—>20—>28—>18—>13—>7—>6—>24—>1

1= >5—>14—>12—>27—>30— >8— >22— >23— >2—>16—>17—>1
(1= >15—>19—>9—>10—>13—>18—>17—>12—>14—>1

1= >4—>26—>11—>28—>2—>23—>30— >29—>16—>1

1= >6—>5—>7—>27—>25— >8— >22—>20— >3— >21—>24—>1
1= >6—>14—>17—>13—>26—>7—>15—>24—>5—>1

1= >20—>>10—>22—>23—>12—>2— >29— >25—>4—>8—>9—>1
1= >4—>9—>19—>11—>28—>2—>26—>13—>15—>1

1= >5—>7—>16—>8—>23— >20— >10—>29—>22—>1

1= >21—>24—>25—>17—>12—>3—>18—>27—>30— >14—>6—>1
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Table 5 Model 1: Performance results of various algorithms for multi-UAYV task allocation

in a 3D battlefield environment

Wik AR (km)  BERARKE(m)  OPHERNEE RE R EE FTNHL- 2 42 4 (km)

BES 1146. 49 1004. 84 598. 15 585. 06 [290.01,391.11,465. 37]
BKA 1107. 23 985. 48 568. 81 545.04 [391.07,382.71,333. 45]
SSA 1055. 14 897. 46 559.72 523.46 [342.94,281.61,430.59]
POA 1133.09 946. 17 568.49 538.93 [389.20,390. 53,353. 36]
DBO 1373.52 1013. 48 690. 78 660. 96 [471.23,343.66,558. 63]
HBAO 821.81 797.14 424.31 408.03 [239.74,254.97,327.10]
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Fig.5 Model 1: Iteration curves of each algorithm
(2) A5 81 2. #H 57—~ 1000 m X 1000 m X 500

m (A5 0L T X3, 9 LA TR IR R (B RIX

B 25 KM b s S R 45 — A . AR s g

% A (350, 500) (350, 200) (650, 750) HI (500,

600) , V& 242 551 4 60,70, 80 F1 50 m. B =

(a) BES (b) BKA

. WE 6 BT R HBAO B35 7E AT 55 4 Bid 7 1 %
B R S S8 e, LA R AT AR T
AR G P L A RO RE TR A B TR 5 SR AT
ML, BE AT AR, 256 B 7 il st £k
A3 AT HBAO B335 7 Wi S50 3 0 e A ik 48 R i

Dy T FE I SE Y RE PR R A S v T R A
TELEAPERE DT 18, W 7 Bk, HBAO 5325 1 °F- 1
P2 K B KT DBO, POA F1 SSA 25 % 1454
B, FE AR B T AR B AR AR D T LA B
A DL R D B AR U ARG AT R L R
HBAO 583k (149 °F ¥ 38 107 8 i F e P35 o7 3 {1 1
AT R O R BE T Y B A B

(c) SSA

Eeo #HE2.ZHEEZSHERBER
Fig. 6 Model 2: Algorithm task allocation solution results
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Table 6 Model 2: Results of multi-UAYV collaborative task allocation in a 3D battlefield environment

EEREN

AL 55 )7 51

BES

BKA

SSA

POA

DBO

HBAO

TN LIFF
:1—>18—>20—>28—>9—>6—>30—>4—>12—>14—>1
1=>7—>21—>11—>2T—>26—>15—>25—>24—>5—>3—>22—>1

T ML 2 75
FTEAHL3FHI
T NHLLITF 51
TN 2751
FTEAHL3FFI

F ML 2751
T AHL3FFH

NIl
TEABL LT3

T ML 3751
TAHLLFF
T2 751

1—>29—>13—>16—>23—>17—>19—>10—>8—>2—>1

1= >21—>7—>28—>6—>23—>3—>17—>9—>11—>1

1= >4—>5—>24—>25—>26—>15—>20—>8—>18—>1

1= >2—>27—>30—>10—>29— >22—>19—>16—>13—>12—>14—>1
FTENHLLIF51
:1—>30—>26—>15—>24—>25—>19—>5—>20—>11—>1

1= >7—>4—>8—>9—>6—>28—>21—>10—>17—>22—>3—>1
FAHL1FEF
T ML 275«
1= >7—>12—>29—>10—>27—>4—>30—>9—>20—>21—>11—>>1

1—>12—>14—>29—>23—>2—>18—>13—>16—>27T—>1

1—>17—>24—>25—>26—>15—>28—>6—>18—>2—>1
1—>8—>13—>16—>3—>19—>5—>22—>23—>14—>1
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TP 271
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1—>12—>14—>21—>6—>10—>23—>29—>16—>13—>1
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Fig.7 Model 2: Iteration curves of each algorithm

w0 g LT AT AR S 0 5 B T

(9 4% 55 70 BC ()BT ¥ 5, 5 4E 55 20 I IR) A% 16
ZHRATRIREAL JFA R T S M 2R TR ALY
24y SRR W U 240 AR A AR pR RO Y 84T 55 40
Pe 55 A0 8 A S B AR . O AL A R g L

F7 BEL.ZHEHTRBETEXANESHIEESEEERER

Table 7 Model 2: Performance results of various algorithms for multi-UAYV task allocation

in a 3D battlefield environment

Bk P AR (m) TR AR (m) SEPE A SR (A AP PR K BE (m)
BES 8743.29 8345. 74 4543. 64 4193. 60 [2868.30,2449.01,3425. 98]
BKA 10323. 24 9739. 65 5642. 23 4850. 12 [3859.79,3108. 98,3354. 47]
SSA 11453. 97 9941. 36 5915. 58 5414.06 [3877.13,3666.09,3910. 75]
POA 9648. 33 8826. 21 4959. 78 4595. 05 [2975.05,3618. 55,3054. 73]
DBO 10627. 95 9028. 95 5576. 56 5044. 74 [3341.25,3003. 77,4282. 93]
HBAO 8234.24 8013. 04 4359.79 3945.58 [2588.27,2434.99,3210. 98]
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