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CLOSED LOOP OPERATION OF LINEARISED WIDE-BAND WAVE-FRONT SENSOR 

The image cannot be displayed. Your 
computer may not have enough 
memory to open the image, or the 
image may have been corrupted. 
Restart your computer, and then 
open the file again. If the red x still 
appears, you may have to delete the 
image and then insert it again.

We propose a simple and 
efficient approach to overcome 

this limitation and to make 
monochromatic Phase Diversity 
work on wide spectral bandwidth 

images. 

  First order model for the wide-band estimated coefficient        :  

           the       wide-band estimated coefficient. 
           the bias term on the       Zernike for bandwidth         . 
           the real aberrations of our corrugated phase. 
           the error due to the linear coupling between coefficients     and    at bandwidth         .           

Bias vector: 
  Bias term        is given by the measurement        when            .    

Bandwidth effect on Classical Phase Diversity: 
  located on pure radial order Zernike 
polynomials (azimuthal order = 0) 

 Wide-band Ξ Zernike azimutal order (m=0) on PSF 
  Enlargement of PSF in the focal plane 

  Classical Phase Diversity measurement on wide-band images is therefore interpreted as 
radial order Zernike coefficient  (defocus, spherical aberrations, …) 

First order term: 
  It characterizes the gain coefficient and the coupling 
on phase coefficient induced by the CPD using wide-
band imaging. 
  Calibration: concatenation of the Phase Diversity 
measurements        when the true aberration is 
composed of the canonical basis (                         ).  

K = 11, j = 11 K = 12, j = 22 

  The first order is a good model for small aberrations. 
  For non-diagonal term, the bias is predominant. 

   A good solution: to model wide band measurements in order to 
correct for the chromatism effects by a first order numerical 
correction. 

  calibration of the 1st order error model (                 ) 
  measurement with CPD 
  data formation model: correction of measured coefficient 

 This model is easy to inverse for the first order: 
            is mainly diagonal. 

  In order to compensate for first order approximation, it is 
necessary to have an iterative process. 

      the real phase. 
         polychromatic classical phase diversity. 
      estimated phase after first order correction. 

  Iterative correction allows to first order wide-band (in the linearized process) 
  Iterative correction account for mis-calibration of interaction matrix and bias. 

  Example for the first iteration, with     the matrix calibration error and      the bias 
calibration error. 

  In order to enhance SNR => wide-band imaging 
  Classical Phase diversity (CPD): focal-plane technique which is chromatic by nature. 
 Wide-band imaging leads to a dramatic increase of the algorithm complexity. 

                                  with     

  Using          with CPD leads to an errored estimation 

monochromatic monochromatic wide-band wide-band 
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Introduced coeff from a4 to a23 
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Conclusion & Perspectives 
  Study of the influence of large band imaging on focal plane aberration estimation. 
  Proposition and validation in simulation of a second order model for describing the 
wide-band impact on phase measurement. 
  Validation of a first order iterative correction in order to overcome the chromatic error 
induced by the focal plane sensing. 
  Experimental validation of the closed loop without correction for monochromatic and 
wide-band imaging on going. 

monochromatic Wide-band 

On going 


