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INTRODUCTION

Raindrops, red blood cells, flyes….

Drops, grains and bubbles,…

Size parameter kr from 50 to 12, 000 !
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In their environment!

Characterization ?

- 3D position and motion (slip velocity, acceleration,…)

- Size (shape, porosity,…)

- Concentration and net fluxes

- Composition and properties (density, mixing fraction, temperature,…)

Constraints !

- Temporal and spatial resolution (freezing and dynamic tracking)

- Data flow to be minimized

- Complex composition and shaped scatterers, optical aberrations,…

- Large to huge size parameters

Digital in-line holography
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INTRODUCTION

xp, yp, D

zp

CCD sensor

(only the irradiance is recorded!)

x

y

Principle of digital in-line holography in free space
3D reconstruction of the particle flow (size, position, 
velocity & acceleration)

Back propagation of the recorded irradiance for each particle: determination of zp

(Scalar diffraction theory: Fraunhofer, Fresnel or Rayleigh-Sommerfeld approx.)

Image processing to retrieve xp ,yp and D
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INTRODUCTION

DIH sequence reconstruction  

Corresponding trajectories for 4 droplets

Digital in-line holography, typical results for liquid-liquid droplets of 

known composition in a rectangular tank
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Previous approaches

- Fractional Fourier Transform (Ozaktas et al, Wiley, 2001)

- Huygens-Fresnel integral with ABCD transfer matrix (Collins et al., JOSA 60, 1970) and particle 

shape analytical decomposition (Verrier et al. Appl. Optics 53, 2014) (GHFT)

New approach: “Modified Generalized Huygens-Fresnel Transform (M-GHFT)”

- the diffraction integral is still expressed as a convolution product 

- the optical systems contribution is simply accounted with two global ABCD matrices

- same accuracy that previous approaches but...

- CPU efficiency above x10 compare to the Fractional Fourier Transform 

- No restriction of the particle shape and off-axis positioning (/ GHFT)

Sentis et al. OLEN 88:184–196 (2017)
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- Huygens-Fresnel integral with ABCD transfer matrix (Collins et al., JOSA 60, 1970) and particle 

shape analytical decomposition (Verrier et al. Appl. Optics 53, 2014) (GHFT)

New approach: “Modified Generalized Huygens-Fresnel Transform (M-GHFT)”

- the diffraction integral is still expressed as a convolution product 

- the optical systems contribution is simply accounted with two global ABCD matrices

- same accuracy than with previous approaches but...

- More easy to implement and more efficient numerically than the Fractional Fourier Transform 

- No restriction of the particle shape and off-axis positioning (/ GHFT)

Sentis et al. OLEN 88:184–196 (2017)
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Diffracted field with M-GHFT (propagation or backpropagation along z-axis)

Fresnel’s propagators and sampling conditions:

Optical properties of the medium
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400 single droplets
Diameter D: less than 4% deviation

Position zp: less than 1% deviation
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EXPERIMENTAL RESULTS

Digital in-line holography vs shadowgraphy
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Water or ethanol ?
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Neither of them,  isane in water…
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Sentis et al., Opt. Express 7(402):781-788 (2017)

Holographic reconstruction of the near intensity field scattered by a 

spherical particle



23 MARS 2017

REFRACTIVE INDEX  MEASUREMENT  (OR 

RECOGNITION) WITH PHOTONIC JET

|  PAGE 19

Sentis et al., Opt. Express 7(402):781-788 (2017)

Holographic reconstruction of the near intensity field scattered by a 

spherical particle

Photonic jet
Droplet
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Photonic jet

Holographic reconstruction of the near intensity field scattered by a 

spherical particle

Droplet

Sentis et al., Opt. Express 7(402):781-788 (2017)
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Photonic jet

f=mR/(4(m-1))

Holographic reconstruction of the near intensity field scattered by a 

spherical particle

Droplet

Sentis et al., Opt. Express 7(402):781-788 (2017)
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Numerical estimation of the resolution achievable on refractive index
- 1000 holograms generated from randomly parametrized 
particles (x, y, z, D, m)
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Numerical estimation of the resolution achievable on refractive index
- 1000 holograms generated from randomly parametrized 

particles (x, y, z, D, m)

liquid-liquid systems: better than 6.10-3
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Numerical estimation of the resolution achievable on refractive index
- 1000 holograms generated from randomly parametrized 

particles (x, y, z, D, m)

liquid-liquid systems: better than 6.10-3

liquid or solid-gas systems: better than 2.5.10-2
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Experimental test on the resolution achievable on refractive index
- two pure fluids and one mixture 
- 500 single droplets for each fluids
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CONCLUSION

Fly reconstruction

Fly in cylindrical cell

Digital in-line holography

- Allows 3D reconstructions of particle flows

- Retrieval of some features of the near field

Extension of DH to astigmatic systems 

(cylindrical case presented)
- Development of a new propagation model

- Near field reconstruction for position 

assessment

Extension of DH to refractive index

measurement
- Near field reconstruction for refractive index

assessment

…


