0,558 (owdipe (hdgh —(gole & piS
VY e 5 5l e ojlas op)loz g S Jlo

2l oS 5 5l ooliiwl b (21p (6 S s g dibolis J 5 (21,50
0D LS g

"5 % 001 jSho caol 5 5 7 G0y cemloler o5 LSy g3 Sl HLeign
Ladlgn  alKisls goize ¢yl Sllo taio olSiils o5 58 (ggomiils -
Ladlgn alfails gatome (il Slle sinio olKitsls woliwl Losils —FoY.Y

OFNENY ik oy VEe /) /Y0 i il y0)

6:5!9.‘0 6)‘5]4 wa‘dﬁ 9o Uw.)l).‘)‘ Lgl)" M ‘OMJA} W}W )L.\.Q.A Codgiome Ji.m J> 4)‘5).\ ) ‘Sal.w)w}w )‘ RV
J.,.LS o‘),.o.m L GPS 9 u.a.M.\Lc ‘S’LA.A.) U.S)) )l oolawl La ‘s,l}m 6)4.?&5“: W IXVELY J).HS L5>‘)J0 s u.:l ) ..\.M:La‘sg
| o 4..5; )‘)5 da.m Sy94 M‘ wyy)y 9 OMQW}W 6Lo.,.1|9.m LS’L}; UL’)? u‘f‘ UQ)S Ll L: Lg)ljia )"‘LS’ u,o..]ls
‘}&b GJLAA,)WBMJ M‘)S ué}; rm‘wé.‘?}n )Q 9 ]Ax)‘).’uﬁl-]l’ ‘UAJLM..> LMAAJ ao..\.x).s A.L.w\s 5d LJLA:‘ A.l>]o as ‘Sslyu"

QT 30 Olwycd g s (OIS e 5 S yoiie 65510 4 glo S g ale Culan jglais 4 5177-5 b oyl e
)9.\é>)b u}sﬁ.\ (:J..:),Af LgLo.u‘}m 6)LM:JJ.A ‘..\4;‘ n)j.lé.’uo U"‘ Lg‘)“ R 44_‘3).)..\.1 CJ)}@ ‘5>|9_® Lg).afu}}u M‘)S QMJAK G 41?;4
;bé 9 u‘i.a O LQR QSJ)AMS W s_i.a B e ] 00 r:l;u‘ ‘OMQCA}}W Lng;lB.m LS’L); Ub)} 9 rﬂw‘ w}l}:)y u‘r\l
5looolss 3l gy sl o &) A ol sy iS5 Sl o rallS Jiled gy S 5510 5 e oS slonslsh cye:
i o0 g (Sl & 0TSy slamlsan Jlail g LOR 5 5 b sl 3 Shat et 5 58l
JLAJ‘ 9 00)51 oy l) G».....J M}a ‘A-“j‘u;“ Lwé OMOLQ,W L_,’J).HS C)Jo as Méu’.o uL.uJ LS)L»AJ M C.ll.».l | OMT Cawd
isy 3800 1) 0sp alewy 98 G (Boge g (reul

LQR 2 65 it S 2L el sl koo sl 3513 — iy s et 505 005

Control Design of an Aerial Refueling System Using a Combination of Machine
Vision and GPS Taking into Account the Vortex Flow Effects of the Refueling
Aircraft

Abstract

The purpose of aerial refueling is to solve the problem of limiting the amount of fuel carried, a technique to
increase range and endurance. In this paper, the control design of an air refueling system using a combination
of machine vision and GPS with iterated uncented Kalman filter is taking into account the vortex effects of the
tanker aircraft and atmospheric turbulence. Since the docking phase between two aircraft is very sensitive,
challenging, and has a direct effect on the success of the aerial refueling process, a control is designed to guide
the probe to the moving drogue, and then hold the probe at that stage until the air refueling process is complete.
For this purpose, first, the receiver aircraft is modeled in the presence of atmospheric turbulence effects and
the vortex of the tanker aircraft. Then, an LQR control system between probe and drogue based on the
combination of machine vision and GPS for aerial refueling was proposed. An iterated uncented Kalman filter
method for data integration is also proposed to obtain the exact relative position between the receiver aircraft
and the drogue. After software implementation and simulation, good performance is obtained with the LQR
control rule for connecting the receiving aircraft to the refueling aircraft. The simulation results show that the
proposed control scheme can achieve exactly the relative position and realize a safe and successful connection
between the two flying devices.

Key words: Aerial refueling, Probe-Drogue, Machin Vision, LQR Controller, Iterated uncented Kalman
filter
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Lo 198 99 (2 (ool Cdgo dlno .
5l aibie Lgno (0) =[20,0,10]m 1,5 2b Codse
b 9510 5 S g 00 5 slolse adsl (s Condee (S50
ol oo Camay oy ddaily Ojgar (V) doles

L, (0) = [130 — 20,25 — 0,30 — 10] = [110, 25, 20]
2US) CaxBgns Ciomw 4y CS g 0k S Slowlgn Jol al> 1o 4o
Slowlsd s WS o <S> Ty = [20,0,3]m 4y
ra = [6,0,0]m Jlasl 5l Jd Coadse 4 Cgueni S
CaBge CB5u0i 1S Slonlsn ST Al pe 50 5 08 o 25 >
<wirg =[0,0,0]m &8s

GPS 5 ile apo oS 5 3l eolanl b olse (6,5 e gus ailols J S b

b wg.u
slblanlsa  (gilwans lp ool 485 s o slayial)b

ool Ojgar Ol cS g

Lo lgn 95 12 510 ilwdmis (b yiol by A
180 %G%“w Sloslsn Cue o
T0L0M : slos o gw lilas £lis |
slemlse adsl Slyn Lt wese ileand olp
5l o ke CSgwond 15
x(0) = 130m,y(0) = 25m, z(0) =
30m,V(0) = 180 =, a(0) =
0.03 rad ,6(0) = 0.02 rad, y(0) =

rad

Orad,q(0) =0 —

od&);cégm 6%"9.5 ‘_gl.b).‘i.obl.;.«,:

M=8.838 x 10°kg

$=226.03m?

c=8.763m

b=39.877m

Ix = 3.186 x 10*kg.m?,L,,, = 8.757 X
10*kg.m?,1,, = 1.223 x 10°kg. m?

L., = —546.394.kg.m?
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