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Figure 54 Concept of the robotic platform: a system overview. 
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Figure 58 CAD snapshots of the �ladder� pulley mechanism, win ch and safety mechanism. 














 



 


Figure 59 Absolute encoder of the ladder mechanism and limit contact sensor. 
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Principle  of a two-step interferometry phase extraction appr oach 

This approach is based on Spiral Phase Transformation and optical flow. The optical flow 
method calculates the motion field at every pixel position between two image frames that are 
taken at times t and t +� t. An arbitrary pixel at time t given by (x; y; t) and with intensity 
I(x;y;t) will move between two consecutive frames to the position(x+� x; y +� y; t +� t) with 
intensity I(x+� x; y +� y; t +� t). Assuming the movement is small, the intensity map at t+� t 
can be expanded as: 

 
( , , ) ( , , ) x y tI x x y y t t I x y t I x I y I t+ D + D + D = + D + D + D                     ( 1 ) 

where xI
, yI

and tI  represent the derivatives of I with respect to x, y, and t. It is reasonable 
to assume that the brightness of an object does not change over time. Therefore, we have 

( , , ) ( , , )I x x y y t t I x y t+ D + D + D = , hence Equation (1) can be rewritten as: 
 

0x y tI u I v I+ + =
                                       ( 2 ) 

where tu x=
 and tv y=

corresponds to the velocity components. Equation (2) can be used 
to determine the components of the movement in the direction of the intensity gradient, but it 
is not possible to obtain the components along the direction of the iso-intensity contours. As 
a consequence, the flow velocity (u; v) cannot be computed locally without introducing 
additional constraints. One way of addressing this issue is to impose smoothness in the u 
and v fields. A regularized optical flow method has been developed, and is described as 
follows: 
 
Firstly, an energy map is defined as: 
 

2 2 2 2 2 2( ) ( )x y t x y x yE I u I v I u u v vl= + + + + + +                                (3) 
where E is the energy to be minimized and �  is the regularizing parameter that weighs the 
smoothness of u and v. From Equation (3), it is possible to obtain an iterative solution using 
the Gauss�Seidel method: 
 

1 2 2 2

1 2 2 2

[ ] ( )

[ ] ( )

k k kk
x x y t x y

k k kk
y x y t x y

u u I I u I v I I I

v v I I u I v I I I

l

l

+

+

= - + + + +

= - + + + +                                (4) 
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where
1ku +
and 

1kv +
 are the velocity components obtained in the iteration k+1 and u and v  

correspond to the mean value of u and v in a defined neighbourhood (typically of size of 5 × 
5 pixels). Once the u and v maps at every pixel are obtained, we can calculate the direction 
map as: 

arctan( )
v
u

h =
                                         (5) 

In a two-step PSI, we have two patterns of the form: 
 

cos( ) 0,1tI a b t tj w= + + =                                       (6) 
 
where a is the background illumination, b is the modulation term, �  is the modulating phase, 
and �  the instantaneous temporal frequency. If we suppress the DC component of It in 
Equation (6) by using a high-pass filter and apply the SPT operator, we obtain: 
 

SPT{ }= exp( ) sin( ) 0,1tI i i b t th j w+ =                                    (7) 
 

where = cos( )tI b tj w+  and SPT corresponds to: 
 

-1

2 2
SPT{ }=FT {( ) { }}x y

x y

i
FT

w w

w w

+
· ·

+
                                      (8) 

 
where �  is the direction map, FT means 2D Fourier transformation, and � x and � y are the 
coordinates in the Fourier space. Note that, if there are only one or two fringes in the 
interferograms, we can always subtract the DC component to normalise the interferograms. 
In our case, we propose to calculate the direction map from two interferograms using the 
regularised optical flow method described above. From Equation (7), if we know the direction 
map, we have: 
 

sin( ) exp( )SPT{ } 0,1tb t i i I tj w h+ = - - =                               (9) 
 
from which we can obtain the modulating wrapped phase as: 
 

exp( )SPT{ }
arctan( ) 0,1t

t

i i I
t

I

h
j

- -
= =

                              (10) 







