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Introduction 

IKAROS mission (global.jaxa.jp) 

General idea 
Solve attitude and relative two satellite 
motion control problem by means of 
solar sail 

IKAROS - Reflection properties variation 
to control attitude 

Goal  
Get the elliptic orbit 

Assumptions 
Satellites  identical 
Specular reflection only 
Center of mass motion: J2 + solar radiation pressure (SRP) 
Angular motion: Gravity gradient torque + SRP 
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Motion equations 

Orbital dynamics 
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Relative motion dynamics (control synthesis only) 
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Motion equations (relative motion 
parameterization) 
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Goal  
Ellipse with center at (0,0) and semi-axes  
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Control synthesis scheme 

Relative orbit

Solar sail rotation 

and reflection 

Ideal relative 

motion control
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Control torque Solar sail pattern
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Control force synthesis 

Relative orbit center stabilization 
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Relative orbit size stabilization (B1 and B3  is small)  
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Out-of-plane stabilization 
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Sail attitude and reflection 
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f=0 and f=1 zero torque 

f=0.5 maximum torque 

Solar sail normal 

   
2 2

1 2

2 1

min max

0.5 0.5 min

,

0 1, 1,2.

sz

i

f f

u
f f

A

f f f i

   

 

    

min max0.2, 0.8

0.6 0.6sz

f f

u

A

 

  

1

2

0.5
2

0.5
2

s

s

z

z

u
f

A

u
f

A

 

 

 

 

2

2 2 2 1 1 1

2

2 2 2 1 1 1

cos cos

sin sin .

L f f

f f

   

   

  

 
Maximum ux and uy 

1 2 1 2

1 2 1 2

, 0

, 0

   

    

 

  

Minimum θi 

2 2

1 2

2 2

2 2 1 1

,

2

s sx y

L

u u
f f

A

 

 

 


 

2 2

1

1 2 2

1 2

2 2

2

2 2 2

1 2

,
2

.
2

s s

s s

x y

x y

u u f

A f f

u u f

A f f






 






 8/13 



Attitude motion control 

Lyapunov control function 
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Integral reflection N is the number of “white” cells 
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Numerical example 
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Numerical example (B-parameters) 
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Numerical example (control) 
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Conclusion 

The work was supported by the RFBR grants no. 16-01-00739 and 17-01-00449. 
Authors are grateful to prof. Anna Guerman for the problem statement and 
discussions 

It is shown that it is possible to stabilize elliptic relative orbit by means of the SRP 
only 
 
The control synthesis scheme include the control of the angular and relative motion 
simultaneously 
 
The relative motion is provided by the SRP force and control source is the solar sail 
attitude and variable reflectivity 
 
The desired solar sail attitude is also proved by the SRP (torque) 
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