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An Algorithm of Model Predictive Control for Multi-UAV System
Considering Multiple Constraints

DAI Shao-wu't, ZHAO Chao-lun®, LI Fei', HAN Xu?, ZHAO Guo-rong'
(1. Naval Aviation University, Yantai 264001, China; 2. PLA 91001 Unit, Beijing 100000, China)

Abstract: In the process of formation flight, multiple UAVs have to meet the constraints of collision avoidance between
the UAVs, communication distance, and obstacle avoidance. In order to realize trajectory tracking and formation
keeping of multi-UAV system on the premise of meeting the above constraints, a distributed model predictive control
algorithm considering multiple constraints is designed in this paper. Firstly, the linear time-invariant motion models of
single UAV and formation system are established without considering the communication time delay, external
interference and noise; Then, the distributed model predictive control algorithm is designed based on virtual leader
strategy, considering various constraints such as state constraints, input constraints, obstacle avoidance, collision
avoidance and communication between individuals, with trajectory tracking and formation keeping as the control
objectives; Furthermore, the feasibility of the optimization problem and the asymptotic stability of the formation system
are analyzed, the keys to ensure the stability of the system are the designs of the terminal part and compatibility
constraints of the algorithm; Finally, the effectiveness of the control algorithm is verified by the simulation of six UAVs.
Keywords: UAV; quadrotor; formation control; distributed control; model predictive control; virtual leader method
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X 21) & R TIPIRES &5 (k + 1k);

b) K% X; = {& (k[k), -, & (k+N —1[k)}
25 UAV,, j € N\ {i}; KR H UAV,, j € N\ {4}
M X; = {@; (kl|k),-- ,&; (k+ N —1]k)};

o) R4 (33) TH iy (k +1|k) , j € N\ {i}, 1R
B 32) M s (k+1)k),1=1,2,--- | N — 1, {45
X (35) 115 v; (k);

d) KA iR R 2, 15 2 5 A i T0I 4 1 N A
Ur (k) = {ul (k|k), - ,ul (k+N—1|k)}, JKHE
N T UAV; 1, B w; (k) = up (k[K).

step3: 75 k + 1 B2, 550 000K & & E
x; (k + 1), JHHIBAT Step2~3.

FE3 TRk =0 W ZIRM NS 2 iR, A
JELLURAELI I (23). PR A 2B 24 TR L SR £ ity ) 1) .
SRR TRR 75 AN e B T BRI A8 Kz, T AR R P2 R
(31)(34) 23R FL 21 TR 25 AN B8 25 8 15 1 T DU AR
BRI, 75 k = 0 BRI BUIR S E m R 5, #5755
FELR (23) NSRBI AT .

4 MRS

fE DMPC it S8 B AR AIE 9 A 14 o 73 2135
JB: — R E BT AT, R RGN RR e .

T2 R EE 1~3 &N T, 5T &R
41 (7) FIEAS UAV,, &1E k I Z), 8 seii sk 1,
AR (38) HAT AIAT R, B4 %) T Ja S0 %I, flifk
o] 2 (38) 3152 AT AT, GmBA R4 (7) A& Wi AR E 1.
BPATA 1) UAV BEBS TR 2 B SRS ANLIH, Hl
(BRI S BRI R IURTHE T, 2 HE AR B A X
7 B BRI RN ATUSTAL, JF LA EE (1 AT B [F) %A T

MERR UL % B.

5 WIETES

KH 6 RV T BT 7 B L. i ESHk B %
SE R b W% A
6 HHRIE

TELRE B2 TN RS B AL
WERE LRGBS ARG T, Wit T —MEZL4R T
(1% 43 A AR 2R Tt 42 o R0, o ok B v ¢ g 3 3 A
AR 29 5, {15004k 10 R ) AT 4714 R G 1) ke
FeE MEAF DLORE. & IR BSGIE T i AR %



AKX . — A 2 R T R AN NG AL AL T 45 ] H- & 7

S22 L9 o AL BA 328 BR R RN BA T OR 455
SE Ak (References)

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

TOARR, A8k, R4 5. 20 AN E F R H 1S
577 M), Abst: [ 57 Tkt i, 2018: 1-8.

(Shen L C, Niu Y F, Zhu H Y. Theories and Methods
of Autonomous Cooperative Control for Multiple
UAVs[M]. Beijing: National Defense Industry Press,
2018: 1-8.)

SR, EFHE LB, A 2 T AL R B AT 1
A 7 DR B[], W RV Dk K22 244, 2017,
49(03): 1-14.

(Zong Q, Wang D D, Shao S K, et al. Research status and
development of multi UAV coordinated formation flight
control[J]. Journal of Harbin Institute of Technology,
2017, 49(03): 1-14.)

FRER XE T, A—&, & NRE T BT AR
SRIBFIAR R RE [T]. AL 24K, 2020, 41(04): 20-45.
(Wang X K, Liu Z H, Cong Y R, et al. Miniature
fixed-wing UAV swarms: Survey and directions [J].
Acta Aeronautica et Astronautica Sinica, 2020, 41(04):
20-45.)

B, AR, REA, 55, 2020 4FI0 AL [
[J]. BHE F4R, 2021, 39(01): 233-247.

(Duan H B, Shen Y K, Zhao Y J, et al. Review of
technological hotspots of unmanned aerial vehicle in
2020[J]. Science & Technology Review, 2021, 39(01):
233-247.)

AR, /AN, B, & Z4ESh BB T 2 B AL
I BN 43 A7 2R R ] [T]. 4241 5 T 3K, 2016, 31(6):
1065-1072.

(Shao Z, Zhu X P, Zhou Z, et al. Distributed formation
keeping control of UAVs in 3-D dynamic environment[J].
Control and Decision, 2016, 31(6): 1065-1072.)

J &, T, 2R, 45, % T RQPSO-DMPC ]
EF WY 1INSESE R ket I Dapr 1 RS IRE I WS
KR, 2017, 43(10): 1960-1971.

(Zhou S L, Kang Y H, Shi X J, et al. Autonomous
reconfiguration control method for multi-UAV formation
based on RQPSO-DMPC[J]. Journal of Beijing
University of Aeronautics and Astronautics, 2017,
43(10): 1960-1971.)

Wang X K, Shen L C, Liu Z H, et al. Coordinated flight
control of miniature fixed-wing UAV swarms: methods
and experiments[J]. Science China Information Sciences,
2019, 62(11): 212204.

Dong X W, Zhou Y, Ren Z, et al. Time-Varying
Formation Tracking for Second-Order Multi-Agent
Systems Subjected to Switching Topologies With
Application to Quadrotor Formation Flying[J]. IEEE
Transactions on Industrial Electronics, 2017, 64(6):
5014-5024.

Yuan Q, Zhan J Y, Li X. Outdoor flocking of quadcopter
drones with decentralized model predictive control[J].
ISA Transactions, 2017, 71: 84-92.

[10] *B%%, 2=/, W2 (5 BT 49 A0 20 & 4 W i 3500

i [0]. B shL2EdR, 2013, 39(11): 1778-1786.
(Zheng Y, Li S Y. Networked Cooperative Distributed
Model Predictive Control for Dynamic Coupling
Systems[J], Acta Automatica Sinica, 2013, 39(11):
1778-1786.)

[11] Negenborn R R, Maestre J M. Distributed Model
Predictive Control: An Overview and Roadmap of
Future Research Opportunities[J]. IEEE Control Systems
Magazine, 2014, 34(4): 87-97.

[12] Eren U, Prach A, Koger B B, et al. Model Predictive
Control in Aerospace Systems: Current State and
Opportunities[J]. Journal of guidance, control, and
dynamics, 2017, 40(7): 1541-1566.

[13] Zhou C, Zhou S L, Lei M, et al. UAV Formation
Flight Based on Nonlinear Model Predictive Control[J].
Mathematical Problems in Engineering, 2012, 2012:
261367.

[14] Hafez A T, Marasco A J, Givigi S N, et al. Solving
Multi-UAV Dynamic Encirclement via Model Predictive
Control[J]. IEEE Transactions on Control Systems
Technology, 2015, 23(6): 2251-2265.

[15] Li H P, Shi Y, Yan W S. Distributed receding horizon
control of constrained nonlinear vehicle formations with
guaranteed y-gain stability[J]. Automatica, 2016, 68:
148-154.

[16] Morgan D, Subramanian G P, Chung S-J, et al
Swarm assignment and trajectory optimization using
variable-swarm, distributed auction assignment and
sequential convex programming[J]. The International
Journal of Robotics Research, 2016, 35(10): 1261-1285.

[17] Dunbar W B, Murray R M. Distributed receding horizon
control for multi-vehicle formation stabilization[J].
Automatica, 2006, 42(4): 549-558.

[18] Wang P, Ding B C. A synthesis approach of distributed
model predictive control for homogeneous multi-agent
system with collision avoidance[J]. International Journal
of Control, 2014, 87(1): 52-63.

[19] Dai L, Cao Q, Xia Y Q, et al. Distributed MPC
for formation of multi-agent systems with collision
avoidance and obstacle avoidance[J]. Journal of the
Franklin Institute, 2017, 354(4): 2068-2085.

[20] QuanQ,FuR,Cai K'Y . Practical control for multicopters
to avoid non-cooperative moving obstacles[J]. IEEE
Transactions on Intelligent Transportation Systems,
2021, 6558(99): 1-19.

fEE =Y

AR (1966—), 5, Bd%, LA T 00, NFHE S
TR SR AR R, E-mail: 792936421 @qq.com;

RXEBEE (1995-), T, WA, I AT s ol R S5t
4%, E-mail: chaolunzhao95@163.com;

227K (1987-), B, YHI, i+, WSR2 RF RS0 7T, E-
mail: 13355359628@163.com.

BEJH (1990—), 55, BhaRafF 7 i, {4, INFH RATAESS
MRIZEWT 7T, E-mail: 18660498713@163.com.

B 5 (1964—), 55, BdZ, WL A4 00, N WATEHE
#l. SRH AR, E-mail: GRZhao6881@163.com.



