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Introduction

Formation flying advantages:

• Spatial measurements

• Increased reliability

• Decreased cost

Magnetospheric MultiScale

Gravity Recovery and Climate Experiment Swarm 
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Introduction

We need active relative motion control. How?

Thrusters
 Simple
 Reliable
× Consume propellant

Atmospheric drag
 Does not consume fuel
× Limited control 
 Available only at LEO

Solar radiation pressure
 Does not consume fuel
× Limited control 
 Available at high orbits (>500-600 km)
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Introduction

We will use SRP. How?

Conventional solar sail
• Change of the attitude → change of the 

force
• Additional attitude control means are 

necessary

Sail with variable reflective properties
• We can change reflectivity to change the force
• Does not require significant attitude changes

Smart glass IKAROS mission 4/17



Problem statement

What we know?

• Two identical satellites at near-circular orbit with a solar sail

• Sail is divided into squares: each one can either reflect or absorb all light

• Model of motion: central geopotential + J2 + SRP for orbital motion, GG and 
SRP torque for attitude

What we want?

• Ensure the necessary relative motion
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Relative motion description

Relative curvilinear dynamics 

(w/o disturbances, circular chief orbit)
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Its solution (similar to HCW)
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– first integrals of motion

We will use them (partially) as new variables
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Osculating coordinates
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After some mathematics system is described by

,u g are control and disturbances (J2, SRP, nonlinearities etc.)
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What we have to do?

Reference motion: ellipse that lies in orbital plane with a given semiaxis and zero shift

0 , 0, 0, 0A A B C D   

In-plane amplitude
out-of-plane amplitude

drift
shift

How?

Ideal controller
Attitude and integral 

reflectivity 
calculation

Necessary torque 
calculation

Sail pattern 
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Lyapunov approach

In-plane motion stabilization

2 21 1

2 2
V C D 

1 2
3y xV C D Cu D Cn u

n n
C D

 
     

 

 

1 1

2

2 2

, 0

1
3 , 0

2

y

x

u k C k

u Cn k nD k

  

  

In-plane amplitude 

 
22

0

21 1 1

2 2 2
V C D A A   

  

  

0

0

1
2 sin

1
2 cos 3

y

x

C A B u
n

D A A u CD
n

V 

 

   

    

  

  
3 0 3

4 0 42

2 sin , 0

2 cos , 0

y

x

u k C A A k

u k D A A k





    

     

Out-of-plane stabilization

cos , 0z zzu k B k  

2

max 3u CD stability condition

9/17



Sail attitude and reflection
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Attitude motion control

Lyapunov control function
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Solar sail pattern
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Solar sail pattern

1. Center of rectangle
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Simulation results
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Simulation results 
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Simulation results



Conclusion

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 provided by the SRP torque

This work is supported by RFBR Grant No. 17-01-00449, 18-31-20014
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