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Abstract: 

The field of image quality analysis is concerned with the development of quantitative merit functions, which 

can be used to evaluate the quality of the image. The basis of modern image quality analysis is the perception of the 

image-forming process as a two-stage Fourier transformation. Both the object and the image are perceived as two 

dimensional distributions of light of varying brightness. When a lens forms an image of an object, the object 

distribution of light is, in effect, transformed from the linear domain into an object spectrum in the spatial 

frequency domain, passed through a spatial frequency band-pass filter, and transformed into the linear domain to 

become the image distribution of light. Viewed in this framework, the lens system is a low-pass spatial frequency 

filter. Its effects on the image quality can, therefore, be specified in terms of a spatial frequency band-pass curve. 

The subject of image formation and analysis took qualitative turn with the applications of communication theory to 

optics. This resulted in a mathematical tool of Fourier analysis being used in the field of image science. Currently, 

image formation is described in terms of the impulse response of the imaging systems or in terms of the system 

transfer functions Key words: Filters, Annular, Pupil & Defocus etc. 

Key words: Defocus, Frequency, Defocus and Annular etc. 

1.1 INTRODUCTION: 

Diffraction theory is mainly concerned with the field in these spatial regions; such regions signify greater 

practical importance as they include that part of the image space in which the optical image is situated. In the 

neighborhood of the focal plane, the light distribution will be much more complex in nature than the one suggested 

by geometrical optics. To describe the object, the diffraction pattern can be used since it is related to the shape, size 

and orientation of the object. The diffraction theory of image formation is the foundation in many modern 

applications of optics. 

J. B. Joseph Fourier laid the foundation of modern optical processing by proposing what is now known as 

‘Fourier theory’. His theory is a basic mathematical tool that we shall use very often to explain many optical 

phenomena (LIPSON and LIPSON, 1969). The importance of this theory is that it is applicable to both periodic and 
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nonperiodic functions; also, it leads to a much better understanding of the formation of optical images in various 

situations like coherent, incoherent, or partially coherent illumination. 

Apodisation is similar to pulse shaping in electrical engineering (PAPOULIS, 1968). Apodisation may be 

defined as the deliberate modification of the pupil function so as to improve some measure of the image quality 

(WETHERELL, 1980). Straubel may be considered as the founder of apodisation theory (BARAKAT, 1962). A 

complete or partial suppression of the side-lobes at the cost of enlarging the central part of the diffraction pattern by 

modification of the entrance pupil of an optical device is known as apodisation. The resolving power of the system 

for point objects of equal brightness is diminished by apodisation (JACQUINOT and ROIZENDOSSIER, 1964). 

Thus, apodisation improves some selected properties of an imaging system at the cost of some others. This process 

is employed to detect the presence of a faint object nearby a bright object. The apodisation technique was originally 

employed by astronomers to detect the presence of faint star by the side of a very bright star. 

1.2  MATHEMATICAL FORMULATION: 

However, in practice such an ideal transformation is not possible with the real lens systems but necessarily 

an approximation. Such a perfectly collinear transformation is limited only to a very restricted region surrounding 

the central ray of the bundle where the laws of reflection and refraction are valid. It means collinear transformation 

takes place only by the paraxial rays, which are making infinitely small angle with the axis and of crossing a 

reference surface perpendicular to the axis. For our studies on variable apodization we have chosen the following 

mathematical equation in which f(r) is the filter with 1-βr2 and   cos (πβr) by varying these filters the anodizing of 

the optical systems are studied  

𝐵(𝑧) = 2 ∫ 𝑓(𝑟)
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1.3 RESULTS AND DISCUSSIONS: Below Fig. depicts the intensity distribution profiles in the case of four-

zone aperture with Shaded amplitude filter in the first zone and Hanning amplitude filter in the second zone while 

the Happ-Ganzel amplitude filter is employed in the third-zone and Gaussian amplitude filter in the fourth-zone of 

the aperture when the optical system is subjected to primary spherical aberration and defect-of-focus for various 

degrees of apodisation parameter (β = 0, 0.2, 0.4, 0.6. 0.8 and 1; when the parameter ‘a’ = 0.30, parameter ‘b’ = 

0.60 and parameter ‘c’ = 0.80 are chosen. The intensity in the central maxima decreases with apodisation for all 

values of defocus as well as primary spherical aberration. When the optical system is under extreme conditions of 

defocus and primary spherical aberration the intensity in the central-lobe degrades with apodisation.  

Among these the phenomenon of diffraction and aberrations are the primary contributors in the degradation 

of image quality and affecting the performance of the optical system. The general feature of all the optical systems 

is the presence of optical aberrations. Even in most well corrected systems, there are some residual aberrations 
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present. Aberrations results in phase errors in the wave front as it traverses the optical system. The presence of 

aberrations introduces undesirable results and unnecessary degradation in the performance of the optical systems. 

The study of imaging properties of optical systems suffering from aberrations from the knowledge of the point 

spread function has become an important method in the design and testing of such systems. These reasons have 

incited to explore the possibilities in enhancing the performance of the optical systems 
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