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Fig. 2 Image of STARS 
（Japan） 

Fig. 1 Image of TISS-1         
(USA & Canada)
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Fig. 3 Scheme of tethered 
spacecraft system 



Fig 4. Scheme of space tether system.



Fig 6. YES2 on Foton.

Fig 5. YES2 contains FLOYD , MASS and 
Fotino, the spherical re-entry capsule.
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• Electromechanical System



Fig. 5 Graphical illustration of the mapping between the trajectories  of the 
system to be controlled and the target system.

Immersion and Invarance （I&I） Technique
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Define the following nondimensional variables:

The nondimensional equations of tethered system (1) can be 
presented as following

The dynamic equations of the space tether system during 
the deployment

Fig. 6 Schematic diagram of STS
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Furthermore, the system can be described in Euler-Lagrange by

Then, a factorization of the generalized inertia matrix is used as

where

And the change of coordinates
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Define the mapping  and  as

Therefore, the system (3) allows to be converted to a state-space form

          1 , ,L q T q F q u T q u G q   �

 y L y x
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where                              and                              are gain functions, the mapping                        is an intermediate 
variable, which is defined below, and             are the error of the system state .

And the observer state                 obtained from the filter

Velocity Observer Design

Proposition 1. An exponentially convergent speed observer is designed for the STS (2) as follows, and  are the 
observer states.

Main Result
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Then give the off-the-manifold coordinate

Define a manifold for system

Differentiate the aforementioned equation, yields

Observer Design

     2ˆ ˆ ˆ ˆ: , , , , : , , 0y x y x y y x x        

 ˆ ˆ, ,x y y x
z

r
  



   

     

2

ˆ ˆ1 2

ˆ ˆ ˆ ˆ, , , ,

ˆ ˆ, , y y x

x y y x r r x y y x
z

r
S x y x S x F y u L y x y x

r
r z
r

   

  

        

       




  











(15)

(16)

(17)



Assigning

Replacing equation (18) in (17) , and using the lemma 1, yields 

Meanwhile, defining the errors of the states     and  

Velocity Observer Design

       

       

2

2 2
1

ˆ ˆ,
ˆ ˆ

, x y

F y u L y y x S
y y x

S y r L y e r L y e
y

     

   

  
        

  

 
       

 

�
�

x y
ˆye y y 
ˆxe x    

     

       

 

ˆ ˆ1 2

1 1 2

ˆ ˆ, ,

, ,

y y x

x

S x y x S x F y u L y x y x rz z
r r

S x y z S y z S z L y z r L y e
y y

rrL y e z
r

  

  

         
 

  
             

 y


   



�

�

(18)

(19)
(20)

(21)

  x x   M

  0tz x 



meanwhile, substituting     (14)  and      (18)  in differential (20), yields

The error system can be expressed in general Hamiltonian frame, with

Differentiate equations (19) and (20), respectively, 
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which are satisfied with

Define the partial differential equation (PDE)

 let the error mapping 
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Proof:
Step 1. (proof of stability of the general Hamiltonian function)

and notice the factor     satisfied                      and           

Proposition 2. Assume the scaling factor
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Stability
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According the Young’s inequality, yields
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Select the positive-definite function                          and its derivative is 1
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Step 2. (proof of stability of the extended system) Select the proper Lyapunov 
candidate function for the extended system such that  
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Then, the derivative of the function

Therefore
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Stabilisation via I&I is related to passivity-based stabilisation methods, with suitable storage function.
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Fig. 7 Dimensionless time 

histories of comparison 

between real velocities   

and estimated velocities          .
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Fig. 2 Dimensionless time histories of the error between the real velocities and the 
estimated velocities 



Fig.8 Dimensionless time 

histories of the comparison 

between

and                           .
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 A nonlinear velocity observer to estimate the in-plane deployment velocities of the space 
tether system has been presented in this paper.

 Add perturbation to the the measured signals.

 A crucial PDE

 The stability analysis of the proposed velocity observer can be demonstrated based on the 
Hamiltonian principle




