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Related topics 
Fraunhofer diffraction (slit, hole, square, rectangle, ...) - 
Fourier transform and its optical properties - high pass 
filtering and low pass frequency space – Abbe experiment 
(filtering a grid) - Descreen photography - Schlieren 
photography - Edge Detection - 4f setup - Impulse Response 
Filter - Convolution - Correlation - Correlation Optics - 
Pattern recognition: "R" and "O" in the word "FOURIER" - 
Study of the properties of optical correlation: recognition size 
and orientation of the letter "R". 
 
Principle 
In coherent optics, where a plane (PE) containing an object is 
illuminated by a plane wave, the Fourier spectrum of this 
object is formed at infinity (Fraunhofer diffraction).  
A convergent lens (L1) can reduce this spectrum to a finite 
distance. By placing a screen or detector (here a Webcam) in 
the focal plane (PF: Fourier plane) of the lens, it is possible to 
visualize the diffraction pattern of the object.  
By providing a second lens (L2) so that the spectrum above 
lies in its object plane is found then the inverted image at the 
end of the assembly of double diffraction even called 4f setup. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: The 4 f configuration 
 
In this type of arrangement, it is possible to modify the final 
image by intervening on its spectrum in the Fourier plane. 
This filtering approach is applied to Image processing: 
selection or removal of some spatial frequencies (descreening, 
schlieren, ...) and to the recognition of forms: a comparison 
between a scene containing several objects and a reference 
object. 

Equipment 
Optical bench (2 m) with adjustable base  1 
Standard slide mount for optical bench  3 
Adjustable slide mount for optical bench (x = 60mm) 3 
Adjustable slide mount for optical bench (x60mm,z40mm) 3 
Compact green laser (532 nm) 1 mW unpolarized 1 
Holder for objective with adjustment (X, Y = 1,5 mm) 1 
Precision Achromatic Objective 20x  1 
Biconvexe lens (f = 100, 200, 300 mm), diam. 40 mm 4 
Holder for diam. 40 mm component  4 
Iris diaphragm   1 
Slide 5x5 cm for experiments  6 
Holes single, young and square diameter 40 mm  1 
Single slit metal on glass, diameter 40 mm  1 
Holder for plate, grating  1 
Rotative Holder for diam. 40 mm component  1 
White screen with metal face graduated  1 
Webcam and analysis software  1 

 
Tasks 
1) Fraunhofer diffraction and Fourier transform : Record and 
study diffraction patterns of objects by using a Webcam and 
software to measure position / intensity of diffraction peaks 
2) Filtering spatial frequencies : 4f setup make physically 
accessible spatial frequencies of an object. It is possible to 
modify the final image by filtering and by manipulating the 
spatial spectrum using masks.  
3) Optical correlation : Observe the impulse response filters 
suitable. Adjust the correlator as an object with the word 
"Fourier" and highlight the correlation peaks appearing with 
the filter "O" and "R". These filters can be identified by the 
correlation peaks caused by them. Verify experimentally the 
translation invariance in the plane of the correlator input and 
the dependence of peak correlation function of orientation and 
scale factor. 
 
 
 
 
 
 
 
 

 

 

 

 

EXP 
T9140 Processing of Optical Images 
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Fig. 1: Experimental setup for the setting  
and study of processing the optical images 

 

 


