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ABSTRACT 

 

An optical set-up for electronic speckle pattern shearing interferometry (ESPSI) using a photopolymer diffractive 

optical element as a shearing element, is presented. A laser beam illuminates the object at an angle to the normal to 

the object surface. The holographic diffraction grating is placed in front of the object. The zero and the first order of 

diffraction form the image and the sheared image of the object. The images are imaged onto the CCD camera, whose 

optical axis coincides with the normal to the object surface. The field of view is limited only by the dimensions of the 

photopolymer plate. The photopolymer diffractive element is characterised by low level of light scatter and 

diffraction efficiency of 60%. The simplicity of the proposed new shearing interferometer is manifested by the 

extremely small number of components required – a coherent light source, a holographic optical element and a CCD 

camera. 

 

KEYWORDS: shearography, shearing interferometry, holographic grating, HOE 

 
1. INTRODUCTION 

 

Electronic speckle pattern shearing interferometry (ESPSI) enables direct measurements of displacement derivatives 

to be made with variable sensitivity
1-11

. A common approach to generate two sheared images of the object in ESPSI 

systems is to use a Michelson interferometric optical set-up. The images are generated via the two mirrors and the 

shear is introduced and controlled by tilting one of the mirrors. The idea of using a holographic grating for shearing 

of the two images in speckle shearing interferometry is an attractive alternative to the other shearographic systems
5-7

 

as it makes for a very simple system. 

We suggest a new application of  photopolymer holographic gratings in a ESPSI optical set-up. Self-processing 

acrylamide based photopolymer
12

 is used as a recording medium for recording holographic gratings. The optimized 

photopolymer material gives good diffraction efficiencies up to 94% for an exposure of 80mJ/cm
2 
. 

 

 

2. EXPERIMENTAL SETUP AND PRINCIPLE 
 

Figure 1 shows the scheme of the proposed ESPSI system using a photopolymer holographic grating as a shearing 

element. A Helium-Neon laser, with wavelength 633 nm and output power of 20 mW, is used as the light source. The 

laser beam illuminates the object at an angle θ  to the normal to the object surface. 



The shearing element is the grating. It is made holographically by the interference of two plane waves. A set of 

holographic gratings with spatial frequencies of 200 lines/mm, 350 lines/mm, and 500 lines/mm were recorded using 

a frequency doubled CW NdYVO4 laser (λ = 532nm). The grating frequency and the distance of the grating from the 

test object are chosen so that the angle of diffraction δ (Fig. 2) is large enough to avoid overlapping of the first order 

and zero order of the diffracted wavefronts. 

 

 

 

 
Fig. 1. An optical set-up of the ESPSI system with one photopolymer grating 

in front of the object 

 

 
The acrylamide based photopolymer, which is self-developing, was used as the photosensitive medium. The layers 

were approximately 100 µm thick. Recording time and intensity were 20 s and 3.5 mW/cm
2 

respectively. The 

diameter of these gratings is 40 mm. Diffraction efficiency in the +1 order is 60%. One of the advantages of this 

material is that characteristics such as diffraction efficiency, thickness (which controls selectivity), slant angle, 

diameter and reconstruction wavelength and angle can all be chosen to suit the specific application. The 

photopolymer used is characterized by low scattering and this is important when the imaging properties of the optical 

system are of concern. 

The grating is placed in front of the object at a distance ∆z. The grating divides the illuminating wave into two 

diffracting waves, which illuminate the object. The two reflected waves form the image and the sheared image on the 

image plane. These are sheared by the amount ∆x. The shear ∆x is related to ∆z, the diffraction angle and the 

illumination angle: 

 ( ) θδθ tantan −+∆=∆ zx ,                                                             (1) 

where θ  is the angle of incidence of the  light on the grating, and δ is the angle between the directions of the zero and 

the first diffracted orders (Fig. 2). The rotation of the grating around its central axis, parallel to y-axis, leads to slight 

off-Bragg angular adjustment and decrease in the intensity of the first order thus offering the possibility for fine 

adjustment of the intensities of the zero (the image) and the –1 order of diffraction (the sheared image). 
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Fig. 2.   Mechanism of the wavefront shearing with one holographic grating 

in front of the object 
 
The two sheared imaged can be viewed in a specific direction only. Therefore, the influence of the scattered light 

from higher orders has been found to have no influence on the quality of the fringe patterns. Once the optical systems 

has been aligned and the fringe pattern formed, phase-shifting can be implemented by an in-plane translating of the 

grating8,13,14. The translating of the grating sideways makes the irradiance of the interferogram to vary sinusoidally 

with time and thus a real-time heterodyne phase detection can be done
13

. 

 

 

3. RESULTS AND DISCUSSION 
 

Figures 3 and 4 show the results from the test of the ESPSI system described above. The ESPSI system is controlled 

by software
15

.  A filter with a 3x3 window was used to reduce the speckle noise in the images. Fringe patterns 

presented in Figure 3 were recorded during cooling of an aluminium tin filled with hot water. The fringe pattern 

characteristic of the derivative of the displacement of the deformed object is displayed on the computer monitor. 

 

 

 

       
 
Fig. 3. ESPSI fringes in aluminium tin filled with hot water recorded during cooling with ESPSI system with one holographic 

grating (frequency 350 l/mm) in front of the object:  a) at the beginning of data acquisition; b) after 3 s; c) after 6 s. The shear ∆x 

= 6 mm. The field of view is 14 mm x 14 mm. 
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Fringe patterns presented in Figure 4 were recorded during pure bending of an polyvinylchloride (PVC) beam with 

following dimensions: length - L = 130 mm; width – d = 6 mm and height – h = 27 mm. The deflection was 

introduced using a vernier support and a step of 1 µm.  

 

 

     
 
Fig. 4.   ESPSI fringes on PVC during pure bending under deflection of: 5 µm; b) 10 µm; c) 15 µm, recorded with ESPSI system 

with one holographic grating (frequency 200 l/mm) in front of the object. The shear is ∆x = 6 mm. The field of view is 30 mm x 

20 mm. 

 
Easy control of the shearing amount is important because it determines the overall sensitivity of the system. In this 

case the distance between the grating and the object controls the size of the shear (Fig. 2). The increase of the amount 

of shear leads to an increase of the sensitivity of the system. When the distance between the grating and the object is 

kept constant the shearing amount can be changed by utilizing diffraction gratings with different spatial frequencies. 

The higher is the spatial frequency of the grating the bigger is the amount of the shear. The spatial frequency of the 

gratings influences also the contrast of the obtained ESPSI fringes. The size of the field of view depends only on the 

size of the holographic grating (photopolymer plate) used. The shear in the  ESPSI system with one holographic 

grating in front of the object could be applied in any direction in the plane (xy) by rotating the grating around its 

normal. 

 
4. CONCLUSIONS 

 
The electronic speckle pattern shearing interferometer (ESPSI) presented in this paper is a very simple system having 

a minimum of components. The holographic grating, recorded using a self-developing acrylamide based 

photopolymer material, is used to shear the two images. The distance between the grating and the object can be used 

to control the amount of the shear. The ESPSI system described above is compact and offers a simple way to 

introduce discrete shear steps between two images. Another advantage of this system is that it is easy to change the 

shearing direction by rotating of the grating around its normal. Advantages include also the low cost of the system 

and the potential to use large apertures. The proposed system could be used in a phase-shifting mode. 
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