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The control of spatial electromagnetic docking

ZHANG Yuan-wen, YANG Le-ping

(College of Aerospace and Material Engineering, National University of Defense Technology, Changsha Hunan 410073, China)

Abstract: The spatial electromagnetic docking will have favorable applications, because it avoids many disadvantages

of the traditional thruster docking, such as the propellant consumption, plume contaminations and the docking impact. The

control problems of the spatial electromagnetic docking haven’t been effectively solved; this article makes a preliminary

investigation at this point. First, the characteristics of the spatial electromagnetic(EM) docking are discussed, and the major

control problems are analyzed. Secondly, the two-dimensional EM nonlinear model is linearized by using the feedback

linearization technique, and the states of the resultant model are estimated by a Kalman filter. Thirdly, the docking controller

is designed by using the second-order stabilization method and the simulation is also performed. Theoretical research and

numerical simulation show the feasibility of the proposed method.
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1 (Introduction)
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, . 2000 ,

(on-orbital

autonomous servicing satellite, OASiS) [1].

, (<1 m)
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. 2005

(electromagnetically guided

autonomous docking and separation in micro-gravity,

EGADS) [2].
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. NASA

MiniAERCam (miniature au-

tonomous extravehicular robotic camera) [3, 4]
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[5∼7],
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2 (Control character-

istics of space EM docking)
/

(1) [8], 1 .⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

K =
3
4

μ0μAμB

πd4
,

Fx =K(2 cos α cos β−cos (δ − χ) sin α sin β),

Fy =−K(cos α sin β cos δ+cos χ sin α cos β),

Fz =−K(sin α cos β sin χ+cos α sin β sin δ),

Mx =−Kd

3
sin α sin β sin (δ − χ),

My =
Kd

3
(cos α sin β sin δ+2 sin α cos β sin χ),

Mz =
Kd

3
(cos α sin β cos δ+2 sin α cos β cos χ).

(1)

: μ0 = 4π × 10−7 H/m, μi =
NiIiSi, i = A, B, NA, NB , α, β

A,B ox , χ, δ

A,B ox .

1

Fig. 1 Three dimensional model of dipole

, :

1) . ,

,

,

. ,

. /

, ,

/ ,

.

2) . ,

/

. , / ,

,

,

. ,

.

,

,

. , /

.

, ,

.

3) .

, –

, ,

.

, :

,

;

.

4) .

:

Hill ,

Hill

,

, .

.

5) .

: .

J2 ;

;

.

6) .

,

,



8 : 1071

.

3 (Two dimen-

sional ground EM docking simulation)
,

,

.

3.1 (Basic theory of feed-

back linearization)

: {
Ẋ(t) = f(X(t)) + g(X(t))U(t),

Y (t) = h(X(t)).
(2)

: X n , f(X) g(X) n

n × m , U(t) m ,

h(X) m .

,

, .

1 X = [x1 · · · xn]T

λ(X) f(X) = [f1 · · · fn]T,

Lfλ(X) λ(X)
f(X) , .

Lfλ(X) =
∂λ(X)

∂X
f(X) =

n∑
i=1

∂λ(X)
∂xi

fi(X), (3)

2 (2)

yi(t), ri

yri

i (t) ,

yri

i (t) = Lri

f hi +
m∑

j=1

Lgj
Lri−1

f hiuj (4)

, j X0 (5):

Lgj
Lri−1

f hi �= 0. (5)

yi(t) (6) :⎡
⎢⎣

yr1
1

...

yrm
m

⎤
⎥⎦ =

⎡
⎢⎣

Lr1
f h1(X)

...

Lrm

f hm(X)

⎤
⎥⎦ + EU, (6)

E=

⎡
⎢⎣

Lg1L
r1−1
f h1(X) · · · Lgm

Lr1−1
f h1(X)

...
...

...

Lg1L
rm−1
f hm(X) · · · Lgm

Lrm−1
f hm(X)

⎤
⎥⎦ ,

(7)

E , X0 (r1, · · · ,

rm), X0 r =
r1 + · · · + rm.

3.2 (Linearization and con-

troller design)

,

.

, , ,

, .

2 .

2

Fig. 2 Two dimensional three freedom ground docking

model

o-xyz, ox

, oy ox ,

oz .

, (8) [9]:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

mẍ=M{μmx(−2x3 + 3xy2)+

μmy(−4x2y+y3)},
mÿ=M{μmx(−4x2y + y3)+

μmy(x3 − 4xy2)},

Izθ̈=
M(x2+y2)

3
{μmx(3xy)−

μmy(2x2−y2)}+Trw,

M =
3μ0μs

4π
√

(x2 + y2)7
.

(8)

: m , Iz oz

,

μmx = μ1 cos θ − μ2 sin θ,

μmy = μ1 sin θ − μ2 cos θ,

μ1, μ2 ox, oy , μs

ox , Trw .

X = [x ẋ y ẏ θ θ̇]T,

U = [μ1 μ2 Trw]T, Y = [x y θ]T.

, fi, i = 1 ∼ 6
(8) . 3 (9) .
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⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

f [X(t)] =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

x2

0
x4

0
x6

0

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

, h[X(t)] =

⎡
⎢⎣x1

x3

x5

⎤
⎥⎦ ,

g[X(t)] =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

0 0 0
f1 f2 0
0 0 0
f3 f4 0
0 0 0
f5 f6 1

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

(9)

,

E

, .

y1 = x1 r1 = 2,

r2 = r3 = 2.

LgL
r1−1
f x1 =

∂x2

∂X
g = [f1 f2 0]. (10)

E , f1f4 − f2f3 �= 0 E

– .

E =

⎡
⎢⎣f1 f2 0

f3 f4 0
f5 f6 1

⎤
⎥⎦ . (11)

(12) ,

:⎧⎪⎪⎨
⎪⎪⎩

υ1 = f1(X)u1 + f2(X)u2,

υ2 = f3(X)u1 + f4(X)u2,

υ3 = f5(X)u1 + f6(X)u2 + u3.

(12)

,

,

, 3 (13) :

A =

[
0 1
0 0

]
, B =

[
0
1

]
, C = [1 0] . (13)

υi = r̈di − k1iėi − k2iei, i = 1 ∼ 3,

rdi , ei = ri − rdi, k1i, k2i

. ,

:

ëi + k1iėi + k2iei = 0. (14)

, k1i, k2i 0,

, 0,

k1i, k2i .

3.3 (Simulation and analysis)

x, y, θ.

,

, .

Kalman ,

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

Ew = Ev = 0,

Qv =

⎡
⎢⎣

10−6 0 0
0 10−6 0
0 0 10−6

⎤
⎥⎦ ,

Qw =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

0 0 0 0 0 0
0 10−6 0 0 0 0
0 0 0 0 0 0
0 0 0 10−6 0 0
0 0 0 0 0 0
0 0 0 0 0 10−6

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

(15)

Kalman ,

,

3∼ 7 . (16) (

m, m/s):

X0 = [0.5 − 0.01 0.5 − 0.01 π 0.05], (16)

3 x

Fig. 3 Real relative distance in x direction
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4 (Conclusions)
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