N
N

N

HAL

open science

Decorrelation-induced speckle phase noise in
two-wavelength digital holographic profilometry

Matthieu Piniard, Pascal Picart, Béatrice Sorrente, Gilles Hug

» To cite this version:

Matthieu Piniard, Pascal Picart, Béatrice Sorrente, Gilles Hug. Decorrelation-induced speckle phase
noise in two-wavelength digital holographic profilometry. Digital Holography and 3D Imaging, May

2019, BORDEAUX, France. hal-02329521

HAL Id: hal-02329521
https://hal.science/hal-02329521
Submitted on 23 Oct 2019

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-02329521
https://hal.archives-ouvertes.fr

Decorrelation-induced speckle phase noise in two-
wavelength digital holographic profilometry

Matthieu Piniard *, Pascal Picart*, Béatrice Sorrenté, Gilles Hug®
1- ONERA, DOTA/HRA, 29 Avenue de la Division Legl@2320 CHATILLON, France
2- Le Mans Université, LAUM, CNRS UMR 6613, Avedliger Messiaen, 72085 LE MANS Cedex 9, France
3- ONERA, DMAS-LEM, 29 Avenue de la Division Lexle2320 CHATILLON, France
4-Ecole Nationale Supérieure d’'Ingénieurs du Maus, Aristote, 72085 LE MANS Cedex 9, France
matthieu.piniard@onera.fr

Abstract: This paper proposes a realistic wavelength deletiova induced speckle noise
simulator. The investigation of the dependencehefdoherence factor versus the surface shape,
the surface roughness and the wavelength charogeried out.

OCIS codes: (090.1995) Digital holography; (090.2880) Holognapinterferometry; (100.3010) Image reconstruction
techniques; (290.5880) Scattering, rough surfaces;

1. Introduction

Digital holographic two-wavelength profilometry ésvery efficient technique for the measurementwface
shapes [1-6]. Due to the surface roughness, theepkatracted from each numerically reconstructedgamis
speckled. It follows that the phase difference petimy to measure the surface shape is corruptedgackle
decorrelation noise. This decorrelation phase niisdosely related both to the angle of illumioatiand/or the
angle of observation and to the small change instheckle pattern when changing the wavelength. phjger
considers the influence of the wavelength shiftelcent work, the coherence factor of the spedkld fvas used for
quantitative appraisal of the impact of decorrelathoise [7]. It was found that a coherence fabigher than 0.85
is required to perform high quality measurementbkhadugh speckle decorrelation was deeply studiedfduy
authors [8,9], especially from the point of viewiofensity [10], the dependence of the phase vettseisurface
roughness and wavelength has not been investiglatelis paper, we present a realistic wavelengitodrelation
induced speckle noise simulator considering théasarshape and roughness. The investigation ofiehendence
of the coherence factor versus the roughness anddkielength change is carried out and permit&terthine sets
of wavelength couples, for a given shape and roaghnwhich yield a convenient coherence factor.

2. Realistic two-wavelength holographic simulator

In order to evaluate the influence of decorrelatimise in the process of 2-wavelength digital hcdpgy, a
realistic numerical simulation was developed. Thalgf the simulation is to produce phase map at different
wavelengths with corruption by speckle decorretatimise having the adequate probability densityction. In
experiments, the amount of speckle phase decdaorlest naturally controlled by the numerical apesgtof the set-
up and by the surface shape and roughness. Thegam&nt to produce speckle phase decorrelationvat t
wavelengths is depicted in Fig. 1.
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Fig. 1 Basic scheme of the realistic simulator @atrelation-induced speckle phase noise in twoelemgth
digital holographic profilometry.

The surface has a given surface shape. Its rouglrassGaussian statistics and correlation lendta.stirface is
sequentially illuminated at normal incidence bylang wave at, firstA;, lastA,. The value ofR, is adjusted to
control the speckle grain size in the image plarmta simulate realistic images. The surface shéferoughness,
h(x,y)=ho(X,¥)*+p(X,}), generates an optical phagedrt/A. The surface is simulated with the membrane MATLAB
function with realistic amplitude of any micro-obje(~100um). In order to get the phase change due to two-
wavelength illumination, and including speckle mhaecorrelation, the procedure is as follows: fiatculate the
speckle image ak;, second ah,, last calculate their phase difference and eveltia¢ speckle noise. From the
realistic simulator, the speckle phase decorreiatioise follows the theoretical statistics as giirefi9]. Figure 2
shows data from the simulator: Fig. 2(a) showssineulated surface and roughness, Fig. 2(b) exhibitsom on



the surface roughness having Gaussian statistidsk@. 2(c) shows the probability densities oledifrom theory
and simulation. So, the noise simulation is quéiistic and corresponds to what is observed inengzeriments.
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Fig. 2 Examples of outputs from the simulator,g@)face with roughness, (b) zoom on roughnesgr@ability
densities of the speckle noise (blue: simulatied; theoretical)

3. Results

Several surface roughness and wavelengths weremrlassinputs of the simulator. The speckle sizérimage
plane was chosen to 4 pixels per speckle grairs &tiount corresponds to the experimental conditiortsgital
off-axis holography. The surface roughness wasdafriom 0.98um to 6.35um and the wavelength shift from 0.1
nm to 10 nm (initial wavelength a§=0.6328um). Figure 3 shows the coherence factor versusvéwelength shift
and the surface roughness. The variation rangeeofdherence factor is included between 0.14 & 0.
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Fig. 3 Coherence factor vs the roughness and tielesgth shift, (a) 3D view, (b) 2D view with coloap (c)
Binary image with coherence facte.85 (white) and coherence factor < 0.85 (black)

Figure 2 and Fig. 3 demonstrate that the proposedilator is adapted for studying noise induced for
measurement of surfaces with roughness severalstimgher than the wavelength. It is quite adapted t
quantitatively predict the amount of noise in expents. According to Fig. 3, the more the roughriesgeases the
more the wavelength shift decreases to remaineritph-quality measurements zone.

5. Conclusion
This paper presents a realistic wavelength deadioel induced speckle noise simulator consideriregsturface
shape and the surface roughness. Future work ieslcdmparison with theoretical analysis and expental data.
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