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Flexible formation control of stratospheric airships

based on path following

YANG Xixiang'?> , ZHANG Jiashi'
(1. College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China;
2. Institute of Overall Design, Hubei Academy of Spaceflight Technology, Wuhan 430034, China)

Abstract: Dynamics model of the stratospheric airship during floating was established, and the model was linearized using linear perturbation

theory based on the assumption which the flight altitude is constant. A flexible leader-follower formation control method for stratospheric airships

based on path following was proposed, in which the leader and followers track the reference trajectory respectively through velocity and heading

control. Linear formation and circular control of three stratospheric airships were simulated and the simulation results show that the control accuracy

of the path following method is high while the formation can operate stably, and the collision among airships can be avoided.

Key words: stratospheric airship; flexible formation control; path following; leader-follower method

P R TARALE 20 km 55 8 BE I P2
R R R AT WA TR B S RLA S
B R LTI K TR B e SR L AR
MO A Hh 2k RS s B ) S5 AT R ) B
Ko 320 424,56 H A REE A E KA X 4y
DNV RITR TAE

MCHFP 2 R BRSO R E , 2
et A B [ AR P U2 T T fe P 10 2 2
Ko o 2l 2 A B3 [R) A, P2 R R 4
PATHE S W Z RN LU I , TARTERETS 2148 TT,
RGUE PR B9 . SR S Z T
BNAT 8058 LA 55 A6 ik 1R 1 S B ) AL

UETZ T H AT AL T EORBOEE S R
WUk B, FE N SMIE V-2 O i BAF ] 7 ST
MOLIE S B, A A BOCHE T SE T 5= |

«  UWeFs EHE:2017 —07 -06
E£TH: HEK AR H (11102229)

JEELA T AFARLARR IE 194 ~F- U 2 K i BA 42 11 1)
Wi, £ Global Aerospace Corporation A 38
FHi 25 it K J&) ( National Aeronautics and Space
Administration, NASA) %t T8-S AE MEIES
BRAY R ML BRI R B2 G g BN, F T ek
FBEAOETE ABALER T S A TR 425 1] 1) B A S g
FHLCR A SEA S 5 SClk [ 4 ] W58 T R
-3 2 L Bk g BA A 1l 1) 8, R T A R
oy AR S s R 5 20, BT R OB B B —
HXFSEBRFi 2 X 125 TEA 2 .

SFUE T G DA T R T SR Sh 2 B 3 AR G
WA A ) A ) P R A 2 A ) B A X A, 2 4 A T
VERE AL 0BT B 2 -5 G BAAA) 2 428 a4
B A ENEZ B ISR A EA AR
Tl A A, 2 HR i A BY 1) LT 2y SR 21, 2

EE R A (1982—) 5, LRI, B2, 1 4, AL A 01, E-mail : nkyangxixiang@ 163. com



5 1

WA bt 5 T IR AR BRI 1 P00 J2 T 2 P G A -4l

FI 3 A 2 BA 5 2RI L2 DAy 22 A i BA R 4 i
B o (L SR A AR A 3B B 5 R e AR A —
SE PRI P, A LG DA T4 R LA A B 2434 A
PRENHIER A 3 5 3 2R AR AR 3 Bl ad P i R
R I 7 PR LA TR, 4 ot A FEE AR R A

EAHZ A TG A H 7k 20 PR
e A 7 ik Ao A Sl vk . A X
PERITT LA B B B R AR i R A
EARAE R, RIVRTSE B R 2 BA RO P, S AR B
/N RIGALEE SR AR PT AR, ST - BRBE
il 2 SR 1 0 A 2 A ) 5 32, LA
AR AR E MR — A A BRSNS, R
F A EREE R, ST 1 DUE Pk is 5y, BREEE
R 3= R AR X B g AR AR Xk 7 o7 R B A, L%
H R R TR LY B, FEAE SE R AR Bl aw A A
L BN SR iz T

BT JZ Y 2 A A A ) A R L
BV B E AR SO PRSI — BRBE ) 7 V5 2k
Fr RGBS VISR, D 1 T J2 G R H
HEABETE Pl SR E S %

1 FREEEZHERINNFEE

1.1 Zhh=haE

AR 2 R Y RF A RAT R, S AE S
() RTS8, HE N7 9 5 W B gl g A A5 AL I A i T
B O CAE AR A WIS, 720 22 1 A 1 8 1 7
s @2 th T HEROE TR B B e sl
BTG O KA I FRAME AR LG A
FOES,

BT BB, SR AT AR WKL 5 i , TR AR AR
(o, —xy,2,, WA 1 f7R) HEE N R TR
DB R R RIE A R

dVU X dw X X
M$+Mw V0+m$er+Mw (w™r)
=B+G+T+R+F, (1)

M=mE;,; +M, (2)

Horprom S 2 ME T M, DRy B I BT £ AR
Ve Ey s BRIV, = [u,0,w ] AR R
HOR R, wo w3 ) O BE T =AY
w=1[p,q,r ] WERGE DS AEE, pg.r
G390 R VR B 7 B AREAVD A7 R 0 O A A B
0 No E@Ri@%ﬁ%,rc = [wg,yc.2¢ | ML F
B WEEES s B .G T R . F, 435 AE HITE
T CE T IR E 2 HE T A B R R
R T o

FERA AR R N T2 WSS TR0 8l T2

JiEE, R BN
Io+w* (Io) +m[rlV, +o™ (riV,)]
=Ny +N.+N, (3)
I=1 +1, (4)
Horp L, AR T O B 5 S A5 B R L T, Oy B
PR, Ny JNe N, 53 31 B 1 < s
WA I 1, SO

Ix - Ixy - ]xz
L=\ -1, I -1,
-1, -1, I

AL L R R G A bR 2 vy, il Ly, B2,
LR TE 1 B oo S NN B [ D R 7 N T
x,0,y, "I 20,2, ~FTETFT v, 0,2, TR
1.2 BEZh¥FHiE

ViR s s T R I A RoR N

n=J(n)V (5)
K=o, y0,2., 0,0, 01" A UL
L0, .y, 2 AT AR B R (0, —x,y,2,, WK 1 Jr
)R N it [ VA = R AR | I/ 2 I D
FARRIL A3V = [u,v,0,p,q,r]" R SCHE 0]
i, J () HARARIE IR AR R A A, HLAT
¢, 0,

0, C, ]
K Cy R AL AR R BN HL I AR AR R (o0, — x,7,2,)
YR IIE | Co Ry AR AR 2R H A 825 R A5
T AR 28 HH Y 25 285 A 3R 2 T ) PR A I

J(n) =[ (6)

Bl RAR DR 245 T AL AR 2R
Fig.1 Body fixed coordinate system and

earth fixed coordinate system

1.3 &MUMNETE

IWFFE R RET O, K 10 3l 1 22 07 B R S8 F
LB 107 REAAR , 73 R )z S Ak s 3
WSS L)Z R A, fBUE R RE = /AT, 2
W1z Bl , X ML 2y N 1) B g 2 T3 R Az
CIE YIRS



42 ENE N o 40 %
TR 2 T O 1 2 Ty 2 O R A I—
oy l p—
(i i - &
=(B-G)sing+T, +X, +F_,
(m+m22)1}—mz(;p+mx(;f+(m+m”)ur(7) l '
=(G-B)sing +Y, BRI BB 42
(Iz+m66)f—lzxp+mxc(17+ur)—mycit -
X

=x;Gsing + N, + N,
Ho myy moy smg 53 B INBT R M, 7 53 X
IO BRI BRI o 2R 03 0 R ky ks ke, BLG TS
FESTNE ITHI RN, X, Y, 5390 D 33l Tl i
My oy, N, 9 sh S5, T, N, 23 3 o il )
A R F, O SR st v g 59 RN, 6.9
G AN £ R RS £, p g r 23 S IR % AR
JIE A 3 58 0l AU A T

20 BTN MR T s, X Bl 1Ty
FEHATEAEAL, = (8) FIim .
(m+m ) u-myr=X' ~u+X ~v+X, - r+
(my —=my)v, ~1+T,
(m+my)o+me-x; - r=Y cu+Y «v+Y r+
(my —my)u, *r—m-y;-u+
mxg 0+ (I +mg)r

=N, -u+N, -v+N, - r+N,,

(8)
Horbe X X, X Dl sl 4 YL YY)
[0 BRI N N N, B R BRI
AKX S ISR ] 50, w, S RGEAERH A A
Wo3aE, T, N, RIS A R fi .

B 1)z gl 7 BepR i e A0y -

(/'; =r
%, =(u+u,)cosy — (v+v,)sing

¥, = (u+u,)sing + (v +v,) cosy

1/=«/(u+uw)2 +(v+v,)’

v+ l}“’,)

(9)

B =arcsin(
Horp VBB RN, BT F
2 EREBECHERMRANIEFIGE

2.1 FHEHMERITTE

R I — BREE T R RS2 A2 BA A T
P, AN 2 s e — e - BREER G
FULE B R TSI , R B 5 S PR A BEOR Y
BB R

P T IESR  BAAE i), AN ZESRIE J0™ 6 19 BA

B2 St — BREBE A 7 vk

Fig.2 Leader-follower formation control method
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Fig.3 Path following method for stratospheric airship
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Tab.1 Main parameters of stratospheric airship

ZHAR SO | SREK SHOBUH

K/ m? 14150 | HE2S A/ km 20

i/ kg 136 0 k, 0.105 3
k, 0.526 0 kg 0.225 6
Cxl 0.051 3 Cx2 0.045 1
Cyl 0.148 9 Cy2 0.290 1
Cy3 1.8247 Cy4 0.163 3
Cnl 0.191 0 Cn2 0.060 2
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Fig.6  Circular path following result of leader
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