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ω = Ω + Q  ωorb  Q
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Jω + [ω, Jω] = T
.

.
q =  (q0Ω + [q, Ω])

1

2

.
q0 = – qTΩ

1

2

J –

ω –

Ω –

q0 – Q

q – Q

T –

T
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Jω + [ω, Jω] = T
.

T = Tcontrol + Tgrav + Tdist

.
q =  (q0Ω + [q, Ω])

1

2

.
q0 = – qTΩ

1

2

• Tcontrol = [m, B]

• Tgrav = 3ωorb [eZ, JeZ]
2

eZ = Q  (0,0,1)  Q

2• Tdist = η torque(0, σtorque)

Oz

~



m = kω[∆Ω, B] + ka[∆S, B]

6

∆Ω –

∆S –

B –

kω, ka –



i

u

Borb = B0

cos u sin i
cos i

–2 sin u sin i

u –

i –

B0 –
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Bmeas = Q  Borb  Q + ηmeas(Bbias, σmeas)
2

Bbias = ηbias(0, σbias)
2

.

Benv = Q  Borb  Q + ηartificial(0, σartificial)
2

8

~

~

https://www.ngdc.noaa.gov/IAGA/vmod/igrf.html


9



10



11



Xi = f (Xi–1)

Xi = Ki zi + (I – Ki h)Xi

Ki

E [||Xi – Xi || ] min
2

Xi –

Xi –

Xi –

zi –

Ki –

I –

E –

~

~

~

^

^

^

^
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Xi = f (Xi–1)

zi = h (Xi)

13

Tctrl = 5 

Tmeas = 1 

μmax = 0.1 



14

σtorque = 5 

σmeas = 1 

Bbias = 0

σartificial = 1 
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σtorque = 5 

σmeas = 1 

Bbias = 0

σartificial = 1 
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22r

26r–
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Sat3

Sat2
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26r
Sat1: (3r,     0,     0)

Sat2: (–r, –2  2r,   0)

2Sat3: (–r,  2r,  6r)

22Sat4: (–r,  2r, – 6r)

2  6r

50 km



21

z

y

x Sat1

Sat3
Sat2

Sat4

Virtual
Sat



22

z

y

x

Qj 

x1

x3
x2

x4

y1

y3
y2

y4

z1

z3
z2

z4

j  j

Aj 0

u

j 



23

Bj

x1

x3
x2

x4

y1

y3
y2

y4

z1

z3
z2

z4

qj

Bj –
qj

j
j

B3

q3
B2

q2

B1

q1

B4

q4



24

x1

x3
x2

x4

y1

y3
y2

y4

z1

z3
z2

z4

Qj

j

Bj = Qj  Bj  Qj
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B(R0)=   kj B(Rj)෍

j=1

n

R0 –

Rj –

kj –

B –

B –

n –
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B(R0)=   kj B(Rj)෍

j=1

n

R0 –

Rj –

kj –

B –

B –

n –

E –

h –

C –

E [B(R)] = constR :
A

Ri ,Rj :

A

|Ri – Rj| = h

cov(Ri ,Rj) = C(Ri – Rj) = C(h)



Ê

Ê

Ê

ÊB(R0)=   kj B(Rj)෍

j=1

n

R0 –

Rj –

kj –

B –

B –

n –

D –

κ –

C –

E [B(R0)] = E [B(R0)]

kj = 1෍

j=1

n

min D [B(R0) – B(R0)]

33

kj C(Ri – Rj) – κ = C(Ri – R0)෍

j=1

n



Ê

ÊB(R0)=   kj B(Rj)෍

j=1

n

R0 –

Rj –

kj –

B –

B –

n –

γ –

κ –

C –

kj = 1෍

j=1

n

γ(Ri – Rj) = D [B(Ri) – B(Rj)] =

34

kj γ(Ri – Rj) + κ = γ(Ri – R0)෍

j=1

n

1

2
= C(0) – C(Ri – Rj)

n+1 
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Ri ,Rj :

A

|Ri – Rj| = h

γ(h) =            (B(Ri) – B(Rj))
1

2nh

෍

(i,j)=1

nh
2

nh –

γ(h)

h

95% 



36

i = 60o

horb = 750 km

50 km 

u = 60o
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γ(h) =

h

a
c0 + c 1 – exp –

ν

[ ( ) ]( ), h > 0

, h = 00

c0 = 0.02 μ

c = 1.5 μ

a = 127 

ν = 8/3
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σtorque = 5 

σmeas = 1 

Bbias = 0

σartificial = 1 
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