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Formation reconfiguration control of UAV swarm based on MPC-PIO
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Abstract In order to realize the security and accurate strike of unmanned aerial vehicle (UAV) swarm under the battlefield
environment with various obstacles, the swarm must have the ability of self formation reconfiguration. First, the UAV
movement model and leader follower swarm formation control structure are established. In the light of the above UAV model
and swarm control structure, the UAV swarm formation control cost function, obstacle avoidance cost function and collision
avoidance cost function are proposed based upon the model predictive control (MPC) framework. Further, the advanced
intelligent bionic optimization algorithm—pigeon inspired optimization (P10O) is used to optimize the above swarm formation
reconfiguration control problem. Finally, numerical comparative simulation experiments show that the proposed algorithm can
actualize the swarm autonomous reconfiguration and improve the efficiency of the MPC algorithm.

Key words UAV swarm, formation reconfiguration control, model predictive control (MPC), pigeon inspired optimization
(P10O), obstacle avoidance
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Fig.1 Control structure of UAV formation
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Fig.3 Obstacle avoidance of UAV
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4 {FEDH
Z e 148 leader o N\ KAT % (uavi) 5 4 22 follower J& A\ K 4T 8% (uavz. uavs. uava. uavs)FEf 75

N RAT B ARREAE B A 2 [ R RS 420 (0 P85 447 20 A DR 55 B 7 LS8

TR A TEN RAT 88 2 MIAE BEAT 5 B AC H I A A (5 I 4, (7 B[] 2008, SRAE A Ny
2Hz , TIN5, A 1G5 KN 5 (3.4km, 2.6km) 5 0.42km , FERSH) 2 [0 55 KN 53331
N (6.0km,6.0km) 55 0.6km , BRG] 3 [5 0 55 K /5353 A (10.0km, 6.0km) 55 1.2km ,  [Rf534) 4 [0 55 K70
53931749 (22.5km,9.5km) 55 0.35km , FEAGH) 5 [E.00- 5 K/ 73 i) 4 (24km,10.6km) 55 0.25km , SERETEN KAT
BYEREWE 1 PR, ERFRAEMAIE 2 R, leader Jo N AT B WAT 8 FE 55 A1) 4n
R 3 Pm. ARFMIR 4 Prox. BN UUTHRMSH G B E#BAENER 5 fron. MPC. PIO 5
PSO HIZEAZEUNR 6 P,

# 1 BN ATSEYIHIRS
Table 1 Initial state of UAV

TN kAT (xy)/km v/(m/s) 21(°) al(®)
uav; (384.1) 160 90 0
uav, (2.8,4.9) 199 85 0
uavs (32,34) 202 91 0
uavy (1.8,6.5) 201 100 0
uavs (19,17) 196 82 0
® 2 BB Y
Table 2 Expected configuration of swarm formation
i A SO R A Y Pyl M 6,1(°)
uavi-uavz 500 30
uavi-uavs 500 =30
uavi-uavs 1000 30
uavi-uavs 1000 -30
%3 leadero N KAT A TIE AT UL 5 TR Ay
Table 3  Pre-set speed and roll-angle of the leader UAV
] 1) Bt /s v, /(m/s) a, 1(°)
0-74.5 160 0
75-124.5 160 -20
125-200 160 0
* 4 BN
Table 4 Constraint condition
LY il
Viin 120m/s
Vinax 240m/s
AV, oy 50m/s?
X min 0°
X max 360°
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15(°) /s
-50°
50°
100(°) /s

#* 5 LN WUTHEASH SR, RS
Table 5 Model parameters of the UAV model & parameters of obstacle avoidance and collision avoidance

AR HE
B, 3.0
B, 0.6
" 0.4
iz 04
* 6 MERITRIAEE] AR ENE LSBT AL S
Table 6 Parameters of MPC, PIO and PSO
ZH ZHE XL A HE
Qr, E diag[0.4 0.4 0.05]
Q, B diag[0.1 0.1 0.04]
Q:, S diag[0.1 0.1 0.03]
Q, E diag[0.1 0.1 0.02]
Q:, B diag[0.1 0.1 0.01] MPC
Re BLE diag[0.0004 0.0004]
R, e diag[0.0003 0.0003]
R, &y diag[0.0002 0.0002]
R, BLE diag[0.0001 0.0001]
rimax i R R R B TR FR L 300
N 2 e HubR EF IR R 30
P LR T 0.2 PO
P pio AR F R 120
Ne_pso BT BEAR AL SR B 120
N, AR 500
Woso TRPEALE 0.8 PSO
C, T L R T 2.0
c, s PR T 20
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Bl 6 wiTHLE
Fig. 6 Flight track of swarm UAV

B 7 for B R i R 2 i 2
Fig.7 Error curves of tracking position

8 i R iR 2 il 2k
Fig.8 Error curves of tracking velocity
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9 L In] f R ER R 22 H 25

Fig.9 Error curves of tracking course-angle

5 10 VR A IR AR 25 il 2
Fig.10 Error curves of tracking roll-angle

[ 11 PIO 5 PSO &A% b i 2%
Fig.11 Iterative comparison curves between PIO and PSO

Kl 657 Al NERmIN KATHIZS BN CATS ks T B SIHEM B S mE. K 6,
5 MNLOREE ARESY), B, HO, Bh, 26, GagonRr 5 28 A AT 8 KTk
2, kT ORERENE LN TR 0s. 7s. 17s. 37s. 80s. 95s. 145s. 160s. 175s. 200s Ffir
BEWH, £ EMARPAEDY vavs BEITRRASY) 1 DL ERERET A 4. 5 BRI, R 7, H
B, FH., A, a6, galLanFZos 5 BRNITHRNAERERZ. B 8. 95 10 /A%
N RATERIEE . WA SREMNRESR ZEh g, HhREa, Ha, Bh, aa58060 5% 5 2
TN AT R ER R 2 . B 11 IR PSO 5 PIO i R# e 4k Bk AR 2R BUME A % L i 28

K 6 LA, ER R FIRESEERVIGERmBAET, vavd 5 uavs AETS 5 T PRBERErg ) 2. 3 5



BE&E FT MPC-PIO fJE N ®AT 23 £E 7 4 BA 28 74 2 1) 13

1, PrRHAL 3 TN AT S PRE R LT SOV R M BRI B . =5 leader JE N AT ARAE 75s ¥e i, 4 28
follower Jo A\ KAT 4% 1 AR Ui 28 %5 5 (W0 im) PROSIR b leader BN KAT & AR R FF 4% m) J5 PO H B fm
W% 4. 5 I, A follower Jo N VAT &% BEWS 22 AR € M ETTFefG ¥, A2 5 FE S I 4 DA LA
M 7 FTRLE Y, SRS AN IS Y R KA REVE(E 40s 2o TR U BABAIE . 24 leader JE N KAT
Iy, HoAt follower JE N WAT &R DU M B AR 5ok 2, DU ORFF IR 9 ABA T . SRR IB 3]
BEAFY) 4. 5 5 BRI, follower Jo N WAT A ML B R 72 BAR it — PR, (H2— B#@ T Sy n
R BN . K 8. 9 5 10 W LA, follower Jo N KAT &% B . fiila) 1 DA IR
FARWIRARIFAELAREE N, JFHREHERE: E leader JTo N ¥AT A% . RIS 10 BRAEAE i B A
PRFF 5 BRI AR T I N AT S I B B KR AL 39.0m/s. MiLla) A e KRR 4.7(Y/s TR¥e f i
KAy 92.3(Ys, BFFEIN AT AL %M. I 11 s VR, BRI L S
PIIE], PSO BVALERLAAIT B 1) SR FE 2L LE PIO Sy T PR, (H 2 21 0 ol 20 1) di 2B R 28/ T FR (i
Zery, HAEAtMdol TROER, BOmhLyiRa Mg ERaEs. dib WASTR K MPC-
PIO Sikfefs SCHUF RISV 264 T N AT SRR M BA A, JF H A RCREAL T MPC-PSO
A7

5 4 i

AHT MPC J7 i HIEE B A FEAUfY) leader- follower Z A28 i 45 K 4% H 7 — et ol 90 001 e 6540 1140
TEN RAT 75 EE B G DA EE M43 ) S92, SCrPCR A T HR R W AR E BN RAT B B, R R e
THFIRE SEHIEMALR, £ MPC MIAEZL R it T AERE I8k 5B AL SR g . 1 B 45 R A
PEEVE RS ST TE N TRAT 4 S T 1 8 Al 2k 5 DA% PRTH S SR B G BAEEL A . X TR S S (1) B A R A
VI T RERIS B BUE 3 7 fE, N — DAl DL RS AR UM HE B2 A 5] N R R 2 38 I U7 v UL 5E BOx # Bl i
TS0 AE 000 B 35 PN PR S At U TRV, G B ARG B0 1 4R 2% B 5% F8 08 13 ¥ ot TE N K AT 8 SR B 4 DA
375 11 114 52 W) 9, 2% T 0 P 8 st 0 X ) R
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