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Prin utilizarea unui montaj holographic în linie, se înregistrează holograme digitale pe o camera CCD. Obiectele studiate sunt: firele pufului de păpădie, firele dintr-un fulg de pasăre şi picături de miere. Prin reconstrucţia numerică, dintr-o singură hologramă se obţin imaginile de amplitudine şi fază ale obiectelor studiate şi detalii micronice ale acestora, fără a fi nevoie de o scanare mecanică în montajul experimental. Pe baza acestor reconstrucţii am dedus că firele pufului de păpădie sunt cilindri goi cu transparenta partială, iar firele de fulg de pasăre sunt opace cu structura self-similară. Picatuile de miere pe placuta de sticla în poziţie verticală se comportă ca o microlentilă sferică pentru radiaţiile laser vizibile.
Using an in-line holographic setup, we recorded on a CCD the holograms of three natural samples: a parachute dandelion, a bird feather, a honey drop. By numerical reconstruction, from one single hologram we obtain the amplitude and phase imaging of the studied object and micrometric details, without mechanical scanning in experimental setup. Starting with these reconstructions we deduced that the wires from dandelion parachute are partially transparent in visible light, the wires from bird feather are opaque and the honey drop has optical properties like micro spherical lens.
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1. Introduction

Digital holography (DH) is a method used for object visualization with a resolution at diffraction limit in many fields: in biology for visualization of fast-moving cells in vivo [1], in environment for aerosol particle characterization [2], for three-dimensional particle flow analysis [3], in medicine to finding the position of tumor inhomogeneities using 3-D pulsed digital holography [4], for micro-lenses testing [5].
The natural elements are excellent examples of systems which can be used like a model to design nano-opto-components, so the study of their properties is of great importance. Starting from a phyllotaxis geometry, which is the arrangement in many plants (the seeds of the sunflower, for example), we designed a diffractive element with different parameters [6]. 

In this paper, we study three natural samples (NS): dandelion parachute, bird feather and honey drop. After digital recording of the hologram on in-line experimental setup, the algorithm based on the diffraction theory permits the natural object reconstruction and comparison with known objects with the aim to find some optical properties of these natural objects. Through DH method, we visualize from one single hologram, the amplitude and the phase of the field associated with some micrometric details from the objects, situated at different distances along the propagation axe. 

2. Physical base of digital holography


In digital holography, the wave 
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 diffracted by the object carries information about their amplitude
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. This diffracted wave is propagated in free space in the z direction. To obtain the hologram, this wave interferes with the reference wave in a plane z=const., where we record on the CCD the bi-dimensional intensity distribution. From this distribution we reconstruct numerically the amplitude and phase of the object wave.


Because the hologram recorded on the CCD is in discretized form and is processed numerically, we work with discrete coordinates and functions. Using diffraction theory, the complex field 
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associated with the object is given in the Fresnel approximation by the equation [7]:
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 the envelope of the wave associated with the hologram with transparency
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 are the discrete coordinates in hologram plane situated at
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are the discrete coordinates in the image of the object plane situated at 
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For the numerical reconstruction of the object from recorded hologram, we use the algorithm in MATLAB with 2-D matrices which are the numerical representation of the transparency 
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, sampled at Nyquist frequency with MxN number of pixels (m,n = 1…M,N) and dimensions in micrometers: 
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 describes an operator named Fresnel transform which is applied to the transmission function of the hologram to obtain the whole field (amplitude and phase) in reconstructed object plane, implemented using convolution and the Fast Fourier Transform (FFT) routines in MATLAB. 

3. Experimental procedure

The DH process contains two steps: holograms recording (experimental part) and object reconstruction (numerically part). In the experimental part, we use in-line setup (see Fig. 1) consist of a tunable He-Ne laser with wavelengths λ1= 633nm, λ2= 612nm, λ3= 604nm, λ4= 594nm, λ5= 543nm, an objective lens with an aperture in its back focal plane and a CCD camera. The natural samples – NS are located between F and CCD. The laser projects a collimated wave through the transparent plate and some wave is diffracted by NS and forms an object wave; the un-diffracted wave constitutes the reference wave. These two waves are combined on the CCD array and create the on-axis hologram. We also record the image without the object, which forms the background, to numerically subtract from the image of the hologram.
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Fig.1 The sketch of the experimental setup: L-laser; Ob-objective lens; 

F-the focal plane of the objective lens; NS-natural sample; CCD-video camera

To calibrate our system, we used a spatial object formed by two wires (15μm and 22μm diameters) arranged with a known distance between them. The wires can be arranged at different distances between F and CCD. The hologram pattern in CCD plane is a function of this position. 

The hologram is processed using an algorithm based on the Fresnel operator for the reconstruction of the object images with details in different planes situated along propagation axe. One wire appears clear in the plane situated at z1=45.45 mm (see fig. 2b) and the other in the plane situated at z2=55.50 mm (see Fig. 2b), with the difference 
[image: image18.wmf]1

2

z

z

z

-

=

D

 in accordance with experimental one. At other distances both wires are out of focus (see fig. 2c). 
We know from experimental setup the distances between wires and their diameter and we establish a correspondence between them, pixels dimensions and the dimensions in the plane where the image of the object appears clear. 

[image: image19.png]50r
100+
150+
200+
250+
300+
350+
400+
450+
500

500

400

300

200

100



a) [image: image20.png]50r
100+
150+
200+
250+
300+
350+
400+
450+
500

500

400

300

200

100



 b) [image: image21.png]50r
100+
150+
200+
250+
300+
350+
400+
450+
500

500

400

300

200

100



c)

Fig. 2. The reconstructed object at different distances: a) z1=45.45 mm, the first wire is in focus;  b) z2=55.50 mm, the second wire is in focus; c) z3=60.10 mm both wires are out of focus.

4. Hologram reconstruction from natural objects

4.1. Dandelion parachute

The first NS which we investigate with DH method is a dandelion parachute. A general artistic image with photo camera is shown in Fig. 3a. A hologram (see Fig. 3b) recorded with the in-line setup is the start image for the dandelion parachute reconstruction, at a different distance z, when different parts appear clear (in focus), besides the other details which appear out of focus. In Fig. 3c, with the reconstruction at a given distance z, the red wires represent the details which are in focus. At other values for z, these wires are out of focus and other ones appear in red color. 
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             a)
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   c)
Fig. 3 Parachute dandelion a) a photo, b) a hologram, c) reconstruction at a given distance 

Using the calibration described in previous paragraph, we calculate the diameters of the wires in the domains 40-60 microns, and length 3-4mm. These dimensions and also optical properties are variable in function of the humidity. Also the microscopic study of the wires from dandelion parachute reveals the fact that they are partial transparent and empty inside. This NS is an example of the object which modulates the amplitude and the phase of the incident wave.
4.2. Bird feather

The bird feather is another example of the object with fiber tissues which has self similar structures, opaque from optical point of view, and has smaller size in z direction compared with dandelion parachute. In Fig. 4a is shown the hologram of two wires from bird feather and in Fig. 4b, is shown a hologram of the feather which is reconstructed in Fig. 4c. The reconstruction from the hologram gives us the dimension of the feather wires between 15 and 30 microns and spatial distribution 1mm along z.
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         a)



   b)



   c)
Fig. 4 Bird feather a) hologram of the top, b) hologram of the bottom, c) reconstruction from b)

4.3. Honey drops

In Fig. 5 a and Fig. 5b, are the holograms of two honey drops, of 1,8mm and 0,5mm in diameter, respectively, which are self sustained on a glass plate in vertical position. The glass plate introduces the linear oblique fringes on the hologram. Their holograms have the same circular symmetry but the fringe distribution is different with maximum or minimum in center. From the experimental observation we can suppose that these NS are phase objects, of liquid lens type. From this reason, in reconstruction algorithm, we represent the phase distribution (see Fig. 5c) – proportional with the height oh the object. Honey has refractive index and viscosity which varies with temperature and water concentration. Our NS had a concentration of 15% of water and the refractive index of honey in this case is closer to the glass plate. In this case, we compare the hologram of the NS with some holograms of the known simulated lens to establish the optical properties of the real object. In Fig. 5c where we have the phase image of the reconstructed object, we observe the highest dimension in the down part due to gravitational force. 
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c)
Fig. 5 Holograms of two honey drops with a) 1,8mm and 0,5mm diameter,
c) the reconstruction from a)

5. Conclusions 
The DH method is sensible and offers the possibility to distinguish the shape, the dimensions, the position and the temporal evolution of the NS [8]. We obtain the holograms of the parachute dandelion, of the bird feather and of the honey drop on the CCD using in-line holographic experimental setup. Using an algorithm based on Fresnel transform we obtain the reconstruction of the object in amplitude and phase. We also exploit the ability of the method to recover the thickness of the sample from one single hologram. We chose these NS because they are different from optical point of view: spherical phase object, opaque wires and semitransparent wires. Numerically we compare the reconstructed objects from recorded holograms of NS, with the holograms of the known simulated objects, to find some optical properties of the natural objects.
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