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Fig. 1 Control structure of UAV formation
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Fig. 2 Diagram of distance-angle formation
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Fig. 4 Protected area for safe collision avoidance
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Table 1 Initial state of UAV
TN CATHR (x,y) /km v/(m-s7!) X/ () a/ (%)
TN AT (3.8,4.1) 160 90 0
TN KT8 (2.8,4.9) 199 85 0
TN AT43 (3.2,3.4) 202 91 0
TN ATER4 (1.8,6.5) 201 100 0
TN RATERS (1.9,1.7) 196 82 0
w2 ERHRIAHERR
Table 2 Expected configuration of swarm formation
2 DA 2 7R p4/m 6/ )
TN RATARL-2 500 30
TN KETHE1-3 500 =30
TN IT41-4 1000 30
TN KATHR1-5 1000 -30
#*3 MEEAXAUTEME VTRESREA
Table 3 Pre-set speed and roll angle of leader UAV
i 6] B2 /s vp/(m-s71) aL/()
0~74.5 160 0
75~124.5 160 -20
125~200 160 0

*4 HREH

Table 4 Constraint condition

Vmin /(m‘sil) vmax/(mlsil) AViax /(m‘siz) Xmin /(o)

Xmax/(°)

Axmax ((°)'s ™) min/(°) Umax /(°) Amax /((°)s )

120 240 50 0

360

15 =50 50 100

x5 TAUTHRRESHKSRERTSH
Table 5 Model parameters of UAV model & parameters of

obstacle avoidance and collision avoidance
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RS Or1 Or2 Or3 Or4 OFs Ry
MPC diag[0.4 0.4 0.05] diag[0.1 0.1 0.04] diag[0.1 0.1 0.03] diag[0.10.10.02]  diag[0.10.10.01]  diag[0.0004 0.0004]
PIO
PSO
%:/f RFz Ry Ryy Niimax Nromax P
MPC  diag[0.0003 0.0003]  diag[0.0002 0.0002]  diag[0.0001 0.0001]
PIO 300 30 0.2
PSO
g/ﬁ Np—pio Np_pso N Wpso cl (63
MPC
PIO 120
PSO 120 500 0.8 2.0 2.0
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Fig. 7  Error curves of tracking position
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Formation reconfiguration control of UAV swarm based on MPC-PIO
LIAO Jian', GAO Xiangyang’, YAN Shi’, ZHOU Shaolei’, WANG Donglai*, KANG Yuhang” "

(1. School of Physics and Electronic Information, Gannan Normal University, Ganzhou 341000, China;
2. Shenzhen Institute of Advanced technology, Chinese Academy of Sciences, Shenzhen 518055, China;
3. School of Aviation Basics, Naval Aviation University, Yantai 264001, China;

4. North Sea Fleet, Qingdao 266000, China)

Abstract: To realize security and accurate strikes under the battlefield environment with various obstacles,
unmanned aerial vehicle swarm must possess the ability of self-formation reconfiguration. The unmanned aerial
vehicle movement model and leader follower swarm formation control structure are established. The cost functions of
unmanned aerial vehicle swarm formation control, obstacle avoidance and collision avoidance are proposed based
upon the model predictive control (MPC) framework. The pigeon inspired optimization (PIO) algorithm is used to
optimize the swarm formation reconfiguration control. Based on the results of numerical comparative simulations, the
proposed algorithm has shown excellent performance in formation tracking error and optimization speed. The results
indicate that the proposed algorithm is able to achieve autonomous formation reconstruction and significantly enhance
the efficiency of the MPC method.

Keywords: unmanned aerial vehicle swarm; formation reconfiguration control; model predictive control; pigeon

inspired optimization; obstacle avoidance
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