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An algorithm of model predictive control for formation control of a 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 a multi-UAV system on the premise of meeting the above constraints, a distributed model predictive control algorithm
considering multiple constraints is designed. Firstly, the linear time-invariant motion models of the 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 the 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.
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FRRET A FE S N A A 22 1) /R P, TR R N

* * o *
Ji (kv L, L—jy LTy, U, ur) =

i Jl ka i)A—i) ry gy S ). 38
glglg(mw T, Ui, Uy (38)

/\lqj
Jl(ka T, i—ia wr;ui)ur) =

N-1

S (e + LRI, + s O+ LRI, +
=0

> lig(k + LRI, ) + (b + NIE) 3,

JEN;
TFi=1,2,...,N
st (k+1+1k) =
w;(k + k) € Us;
1D (k + k) — pi(k + k)| > 2R + pi;(k + U|k),
Vi e N,\{i};

—pi(k+ k)| < C — pij(k + 1K),
Vi e N, \{i};

lpo — pi(k +1|k)|| = R+ Ro, Yo € Ny;

p:(k + k) — pi(k + Uk)|| < pi(k +1]k);

&i(k + k) —xi(k +1|k)|a, <vi(k);

x;(k|k) = z;(k);
Hh @i (k + 1k) = @i(k + 1|k) — &, (k + 1|k) + df;.

) @2, AR DMPC Hykan R,

Bkl BB T UAV,, %4 8 46 R £ N,
RN S 2 IRE @, N\ w,., B A )
Bdd, EHEMEQ,. S G, ZH~, Bt K ff LMI
AL 8 (30) B 32 S Py K+ 0.

TR B X T UAV,, A

step L: fEFILGIS % k = 0:

1) 78 X TR S HIURE 2(0]0) = 2,(0) FER B
FITRIMPIRZS &,(1)0) = a,(1]0), HH a;(1 + 1)0) =
Gml(l|0) + H’Ui(O), l = O, ]., e ,N — 1,

2) K% X;(0) = {&:(00),...,&(N — 1]0)} &4
UAV,(j € N\{i}), BBk A UAV,(j € N\{i}) 1
X;(0) = {&,(0)0),...,&;(N — 1]0)};

)M B3) T 145 (10) (5 € N\ {i}), =X

_ 1)7@
Gz;(k+ k) + Hu;(k + 1|k);

1D (k + 1)

(32) 1H 5 s (1]0), 1 =
vi(k);

4) 75 A 25 8 2 I B 2 TR (23) WY1 L T, 3K
il 2, 45 2 B A 0 T N R A UF(0) =
{u;(0(0),...,uf (N — 1]0)}, 45 15 BN H T UAV;
H1, Bl (0) = w(0]0).

step 2: £k > OH:

1) & XTRMAR SV 4 (k|k) = :(k), %A
Q) & AR TRIPRES 24 (k + 1|k);

)Rk X; = {@;(klk),... &k + N —1|k)} &
UAV;(j € N,\{i}), #%HWORE UAV; (5 € N,\{i}) 1Y
Xj = {a;(klk),....&;(k+ N = 1[k)};

3) MRHE 3 (33) V5 iy (k + LK) (5 € N,\{i}), 1R
BRG) U E s (k+1)k),l =1,2,...,N — 1,iR$ER
(35) it 5 v (k);

4) SR il 1n] 5 2, 45 B e AR 1) TN 42 ) B N )
Ur(k) = {ur(k|k),...,u(k + N — 1|k)}, 7K & I
MH T UAV, 1, Bl w; (k) = u}(k|k).

step 3: 7E k + 1B %1, 2 -5 MRS = AE 2, (k +
1), &3R8 17 step 2 Fll step 3.

A3 fEk = OB ZIRME I R 2 (1 A2 b, AN E R
Ao AR LI (23). PR Ay i B 2 TR SR 2 Uiy ) Z1) B S
(TR A5 AN i B8 T BRIz, AR 2 P20 3 (3 1)
AT (34) T2 SR TSI P TR 25 7S R 5 48 1 1 TR 75
Kzt Tk = O BB (10 TR 25 A8 A 07 =7, 35 25 18
ZY5R (23) A 5 15 B WTAT .

4 PR

2,...,N — LIRIFER 35 1HHE

7E DMPC i+, S i 2L 1%&%/\@@5@@%
JE— R B EAR AT AT M R R G AR E .

EIB2 R RS 1 ~ B3 ST, 4 T4
ARG (7) IR UAV,, B 7E kI 2158 i St 57k
1Ak 0] R (38) H A WIAT e, WG T+ J 2 i ZIA Ak 7]
F(38) 34) 2 AT AT I, 2 PN R 43¢ (7) e s A e (1. R B
AR UAV GRS TEM 2 B SRS H N L5, Bl 1A
Tl 3B A5 Tk P 2 SR AT HE T, 4 OB I AR X A
PRERREALSTTHL, H DU EE I TR B[R] /AT

E B I 2 5 SCHR (18] AL, 7 1UE B AR S PR Ve

> Z_: > Ul (k+UR)lIE, — &5 (k+UR)IE,) <

i€N, I=1 jEN;

> Y Y et

i1€N, =1 jeN;

&3 (k’+l|k‘)llc +2[le5 (k + 1K) lIG,) =

> Y Y et

i€N, =1 jEN;

)leg (k + k) lle,+

ez (k + 1k) e+
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lef (k + UR)E, + 2llef (k+1R)E,) = 55 = 920.8422,
N-1
S5 (X @enith)y/Baller (k+ k) e+ = _
i€N, I=1  jeN; 42215 0 0 66405 0 0
S +26j,»)||€f(k+l|k)||éi). 0 42640 0 0 73493 0
JEN 0 0 41903 0 0 53.386
5 BEEIT 66.405 0 0 31510 0 o |’
K H 6 22 DU Jie 382 T8 AATLEAT 477 B 5256 0 73.493 0 0 26862 0
51 HESHERE 0 0 5338 0 0 26.276
BEINCR B A EANBHZ [ gm0 g 0 '
(] % AR HLIES. K — 0 -31811 0 -
) RAFHHVILRRES  SH AN 0 0 -31371
z,.(0) = (10,0,10,0,0,0)", u, = (0.5,0,0)". _08142 0 0
2) T AWK S IR N — 0 —0.8642 0
x1(0) = (2,-3,8,0,0,0)", 0 0  —0.8209
x(0) = (2,3,12,0,0,0)7, 146 22T ANHLI) = 4Bk, o B s 2Rk
x3(0) = (0,15,8,0,0,0)T, FESHIHL UAV,., i 2 N T AU 3T, S 4k sk
x4(0) = (0,—15,12,0,0,0), BREIE. BT e AW EAEIRES K, 18 8 e 5 B hS
x5(0) = (0,25,10,0,0,0)", W TG N HLRE G 8 PR R4 T, DT R R A R
26(0) = (0, -25,10,0,0,0)" P AR Y “ BT BATE. o
TAHERIERS 1, = 3; U SHE B4y = 0.9; B
RELIH L, = 6mis,n, = 4,5, 6, HIX BT b
LN AR U, = 6m/s,n, = 1,2,3; % 4F4 aen
R=1m B KEfHEEERC = 5lom. N
RN BENE X Ti = 1,2,...,6,G; = : -

diag(1,1,1,0.1,0.1,0.1), S; = diag(1,1,1); % Ti =
1,2,3,4,6, Q; = diag(20,20,20,2,2,2), ~ 71 FEIf
Hy U B 2 AR AR T ORI, B Qs =
diag(20, 20, 50, 2,2, 2).
FLSETE AN R ST S S A A B
dy, = (0,-5,0)", dy, = (0,5,0)7,
ds, = (2,-15,0)", dy. = (2,15,0)7,
ds, = (4,-25,0)", dg, = (4,25,0)".
TN EE AN, = {2,3}, Ny = {1,4},N;
={1,5}, Ny = {2,6}, N5 = {3}, Ng = {4}.
3) G S R A — D E A ERIE RS,
BROALE Np, = (3,25,10)T,F NR, = 1m.
4) HoAth 2 5. W B R AT N 0.5, T i 35
N = 5, BB 5 s, SRAR A )@ (1) 502k A
J=¥
52 RS
SR LML 7] 7 (30) 5 2 Py K 6, LA
UAV; R, HAE W T

x/m
El1 =4k

2 9 P Jo A B2 1] RS R il 2k, JH v i 2%

W 253 79179 2 o AL ) JRERIE P 25 249 B, 51 m i 45 E B £

. B3 970 N AL R b 47 1) B 8 A A i 46, R 2k

TNHL S BRG] 2 m 22 4= PR . 814 5 UAV; =4

7 Te 2 Al N R S o it 24, L i R R s 1
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|
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6 6 S
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NI RGBS AR AR, W E “AE R
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Xof Bl S 56 P = AR B8 0 P 5, AL TR) B AR A4 1 I
Bl6. BT Qs i FE AL B B BUK, UAV; 758 2= 4
R FEANR B T ST T iR, (R ke 2 4 A
it = 1sB 5 UAVe 15 KB E A 2] 51.66 m, @it 1
R E ARSI m.
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El 8 XL EREMSE 1k + 1]k)

MEEE T ps (k + 1[k) 5 e (k + 1]k), IS
L S AEA AR EUE — B 1A, BT
GE I ZIMB B I TR 24(1)0) = x4(1]0), FBUUAV,
MIUAV FERT 1.5 s NIz 3 TR <7, IR0 & 1 TR,
TX 2 B TN AE 29 A B Al SR IR s . T 0T b S AN
F RIS, e s (B + 1)k)~ pe(k + 1|k) FIME I
4L B, L UAVS RTUAV %A H LS 3l 08 55 115
i

gk b 1 B4 R UE T B2 H DMPC 59k A
RME.

6 & ®

TELREH B2 TE AN IRES | BT L AL A] ik
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