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Path Cooperative Planning for Unmanned Aerial Vehicles Based on
Improved Artificial Bee Colony Algorithm
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Abstract: To solve the path planning problem of high-subsonic unmanned aerial vehicles (UAVs) in air
combat scenarios, an improved artificial bee colony algorithm (IABC) is proposed. Firstly, by
comprehensively considering the obstacles in three-dimensional space and the coordination problem of UAV’s
path planning, a combat scenario model and an objective function are established. Secondly, in the employed
bee stage, the particle swarm optimization (PSO) algorithm is introduced to reduce the blindness while
searching and enhance the search ability of the algorithm. Finally, in the onlooker bee stage, local smoothing
processing is carried out on the food sources in the early stage of iteration based on the dynamic greedy
criterion, which further improves the convergence speed of the algorithm. In order to verify the effectiveness
of the algorithm, a simulation comparison experiment on the algorithm is conducted. The simulation
experiment shows that the IABC algorithm inherits the search advantages of the ABC and PSO algorithms.
Compared with the ABC algorithm, the average convergence speed of the algorithm is increased by 47.83%,
and the average convergence accuracy of the algorithm is increased by 53.49%.
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By (8.18, 5.29, 1.33), (8.83, 3.12, 2.52),
(8.27,8.1, 1.7), (6.13, 4.43, 10),
(9.67, 4.61, 1.42)]
e KB EL 200
L I A B 15

3.2.1 UAVH T H 283k %5

LI AR SR TN P B R E 12
JE 7, 45 51 H br R B 3% AN B0 an 181 13 R,
TABC 81 H 5 R ER Y £ 25400 (R ARG O an 5] 14
J s o



5% 61 ERETC, 55 B T RO N B 1 1 J0 N RAT A4 A8 ) R A0 1131
RT FAMTRYEN2HEESY i ~ —IABC-len/100
Table 7 Variable parameters when the number of UAVs —iA\gg-col
10 : — -ang
is 2 —— IABC-int
8t | |
AR HH -
(2, y, 2) [[5, 20, 7], [20, 5, 6]] o |
K5z, y, 2) [[40. 55, 4], [55, 40, 3]] N
UAV %kt 2 2t l& :
|
0 [ I i i ’ i
0 15 30 45 60 75 200
Tteration
14 N AT R % 2 I IABC 88 B bR 56 50 3
FAH

(a) Comparison diagram of simulation results
between IABC and ABC algorithms

(b) Comparison diagram of simulation results
between IABC and PSO algorithms

(c) Comparison diagram of simulation results
between IABC and ABC-PSO algorithms
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Fig.12 Comparison diagrams of simulation results when the
number of UAVs is 2
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Fig.13 Comparison diagram of objective function iterations

when the number of UAVs is 2

Fig.14 TIteration diagram of each loss value of the objective

function of the IABC algorithm when the number of
UAVsis 2
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66.61% , Wi SIOKE FE 32 T 64.00 % , B R 45 SR s 4 i
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Table 8 Comparison of convergence situations when the
number of UAVs is 2

L AR ABC PSO  ABC-PSO IABC
WSt i /s 41.09 18.14 33.33 13.72

Wi Sk M 105.98  55.04 39.54 38.15

Till 2 Y 4 1 0 0 0
BRARPEES /km 285.66  157.25  112.97 108.99
H BB /km 99.18

3.2.2 UAVH T A 3895k %
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TABC %53 B 5 pREUY £ 25900 R (B AU B n 5] 17
i

R RAMTHREENINEESH

Table 9 Variable parameters when the number of UAVs

is3
S A
#®a(e,y,2)  [[5,20,7],15,5,5],[20,5,6]]

Z iz, y, z) [[40, 55, 4], [40, 40, 5], [55, 40, 3]]
UAV % 3

2R BRI SO L n 2R 10 TR 45 Bk
7S SAE BIE JRE A O AR R R R T AR R B
0. A ABC 83k, TABC 832 i 840k & 48 7t
53.31% W SIOKS B 2 T+ 55.65 % , ML R 45 SR % 42 iR
B4 46 55.65% ¢
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(a) Comparison diagram of simulation results
between IABC and ABC algorithms

(b) Comparison diagram of simulation results
between IABC and PSO algorithms
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(c) Comparison diagram of simulation results
between IABC and ABC-PSO algorithms
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Fig.15 Comparison diagrams of simulation results when
the number of UAVs is 3
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Fig.16  Comparison diagram of objective function iterations
when the number of UAVs is 3
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Fig.17 Iteration diagram of each loss value of the objective

function of the TABC algorithm when the number of
UAVsis 3
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Table 10 Comparison of convergence situations when

the number of UAVs is 3

=R7 TS ABC PSO ABC-PSO IABC

s EE /s 100.25  41.01 103.49 46.81
W S fE 137.94 135.92  71.83 61.18
il 488 K £ 0 0 0 0
PRAZFERS /km 39412 388.36  205.23  174.81
BRI /km 148.67
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Table 11 Variable parameters when the number of UAVs

is 4
£ R HH

[[5, 20, 7], [5, 10, 5],

W

B,y 2) (10, 5, 5], [20, 5, 6]]
[[40, 55, 4], [40, 50, 5],

%k

Hpillz, y.2) [50, 40, 5], [55, 40, 31]

UAV ¥ 4

20 TR o AR WCSIUIE 0 a3 12 B R , 45 Bk
T W SIS RlE 48 A O R BE R BERR T UB R R B h
0. H1& ABC 5 ¥, IABC 5 3 i 8% i 1 42 7
47.65% , WL SIORS FE $2 T 56.86 %, ML K 45 SR % 4% i
B Y558 56.86 % .
4.2.4 FAXNBEFRAACRATEHRETRAY
st 5 B 45 R o

F 3 41 AT BRI o 7 T TE N R AT A A R
LR 28 500 A B e G S T, R LR
B ABC 575 KL i Al 15 119 B 1 4 59 41, HoA Bk D
e A 20 Rl Bk AR TS MR . MR
ABC B % , TABC B iS40k i 7 ¥ 48 1+ 55.86 7%
W SO BE 7 2 $2 T 58.84 %4, B K] 4 B % 4% S P
145 %6 58.12% .



SHRETL, A « 2T B R LTS B B0 O TN TRAT A AR P [ KR 1133

(a) Comparison diagram of simulation results
between IABC and ABC algorithms

(b) Comparison diagram of simulation results
between IABC and PSO algorithms

(c) Comparison diagram of simulation results
between IABC and ABC-PSO algorithms
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Fig.18 Comparison diagrams of simulation results when
the number of UAVs is 4
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Fig.19 Comparison diagram of objective function iterations
when the number of UAVs is 4
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Fig.20 Iteration diagram of each loss value of the objective
function of the IABC algorithm when the number of
UAVsis 4
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Table 12 Comparison of convergence situations when
the number of UAVs is 4

2 ABC PSO ABC-PSO IABC
Vs /s 170.82  78.63 147.41 89.42
W S 207.24  132.45 108.80 89.4
il 48 VR £ 0 0 0 0
BRAZIEES /km  592.11  378.43  310.85 255.43
ELZHE B /km 205.48
4 % %
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AT 45 11 6 A2 U ) R R ) R, 7 5, 7F E A pR 8K 25
B TR =S ) AT RS RE ) S AL
T, % B A% U ) B0 S0 ) F0 3647 24 o5 Lk, 7 e
M Bl AT PSO BB 58 T B LM R H
BOPE B TR IS SO B 5 R T, TE WS I Y B
FEF B0 25 0 5 o WX 2k A ) 0 1 o U A 2% 5 R il
FH JRy 38 5F- 35 57 1 Bk iE — 20 B B i i sk
S

AT B SR AT DU L TABC 5k 4k ok
T ABC 5 PSO B 8 &g )1, 3 H I & 7L
SACH A R SRS B AR AT B T W AR T, MR
ABCH % , TABC B i S50k B P ¥ 48 1+ 47.83 %%,
Wi SRS 15 S 2 42 T 53.49 9%, B K1) 4 B PR A BE B O
)45 56 52.42% .
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