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Abstract- Infrared (IR) imaging systems resulted in degraded 

imagery since it uses focal plane array and IR sensor in IR 

microscope. Fixed pattern noise (FPN), resulting from pixel-

to-pixel response non uniformity, is a dominant source of 

error which also occurs due to long exposure of lens to the 

light. Furthermore, finite detector size coupled with imperfect 

system optics can introduce blurring effects and aliasing, 

ultimately reducing resolution in acquired images. In this 

project, a unified method to reduce FPN and recover high-

frequency image content in IR microscopy images is proposed. 

The proposed method uses regularized nonlocal means to 

highlight spatial features in the scene while maintaining fine 

textural image details. Derive an iterative optimization 

method based upon a gradient descent minimization strategy 

that applies a Wiener deconvolution in each iteration to 

estimate the blur artifacts. The main advantage of using 

wiener deconvolution is it is not sensitive to noise and have 

high SNR value compared to other restoration techniques. The 

method is implemented within an embedded mid-wave IR 

imaging system for microscopy applications and demonstrates 

a reduction in FPN and blurring artifacts, achieving improved 

image resolution by using resolution algorithm in the 

reconstructed images that are apparent in recovered details 

on scene objects. 

 

I. INTRODUCTION 

 

 Infrared (IR) microscope, also known as infrared 

micro spectroscopy, is a type of light microscopy that uses a 

source that transmits infrared wavelengths of light to view an 

image of the sample. Fixed Pattern Noise (FPN), resulting 

from pixel-to-pixel response non uniformity occurs due to 

improper lens focusing in FPA[1]. Two significant Artifacts 

that resulted in collected digital imagery are blurring and fixed 

pattern noise. Image blurring results from both imperfections 

in the system optics and finite nature of Focal plane array 

detectors. Defocus blur occurs in image when camera is 

improperly focused on image[5]. The resolution of image 

medium depends on amount of defocus. If there is more 

tolerance of image there is low resolution in image[4]. For 

good resolution of image defocus in image should be 

minimize. Image restoration is a process of recovering the 

original images by removing noise and blur from image[2]. 

Image blur is difficult to avoid in many situations like 

photography, to remove motion blur caused by camera shake, 

radar imaging to remove the effect of image system response, 

etc. Image noise is unwanted signal which comes in image 

from sensor[6].In this paper a Wiener filter includes both the 

degradation function and statistical characteristics of noise 

into restoration process. This method is considered on the 

basis of images and noise as random processes and the 

objective is to find an estimate function of the uncorrupted 

image such that wiener filter minimize the mean square 

error[5]. It is assumed that the images and the noise are 

uncorrelated; that one or the other has zero mean and that the 

grey levels in the degraded image is linear function of 

estimation wiener deconvolution is an application of the 

wiener filter  to the noise problems inherent in deconvolution. 

It operates in the frequency domain which attempts to 

minimize the impact of deconvolution noise at frequencies 

which has a poor signal to noise ratio.The wiener 

deconvolution method is widespread used in image 

deconvolution applicants as the frequency spectrum of most 

visual images is fairly well behaved and can be estimated 

easily[7-9]. 

 

 Gradient descent is a first-order iterative 

optimization algorithm for finding the local minimum of a 

differentiable function. DSR algorithm has been developed to 

estimate the high resolution (HR) scene from an ensemble of 

Low resolution (LR) IR image frames. Often, these methods 

exploit inherent aliasing in the LR frames in conjunction with 

frame to frame motion to recover high frequency content lost 

through under sampling [10-12]. 

 

II. WIENER DECONVOLUTION 

 

Wiener deconvolution is an application of the Wiener 

filter to the noise problems inherent in deconvolution. It is not 

sensitive to noise so it produces high SNR. It works in the 

frequency domain, attempting to minimize the impact of 

deconvolved noise at frequencies which have a poor signal-to-

noise ratio.  
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The Wiener deconvolution method has widespread 

use in image deconvolution applications, as the frequency 

spectrum of most visual images is fairly well behaved and 

may be estimated easily. The Wiener filtering is optimal in 

terms of the mean square error shown in the figure 1 given 

below. In other words, it minimizes the overall mean square 

error in the process of inverse filtering and noise smoothing. 

 
Figure 1 Block diagram of wiener deconvolution 

 

III. POINT SPREAD FUNCTION 

 

The point spread function (PSF) describes the 

response of an imaging system to a point source or point 

object. A more general term for the PSF is a system's impulse 

response, the PSF being the impulse response of a focused 

optical system. The PSF in many contexts can be thought of as 

the extended blob in an image that represents a single point 

object. In functional terms it is the spatial domain version of 

the optical transfer function of the imaging system. The PSF 

means that when two objects A and B are imaged 

simultaneously, the resulting image is equal to the sum of the 

independently imaged objects. 

 

 In other words, the imaging of A is unaffected by the 

imaging of B and vice versa, owing to the non-interacting 

property of photons. In space-invariant system, i.e. the PSF is 

the same everywhere in the imaging space, the image of a 

complex object is then the convolution of the true object and 

the PSF shown in figure 2. 

 

 
Figure 2  Point spread function 

 

IV. DIGITAL SUPER RESOLUTION 

 

Super-resolution (SR) are techniques that construct 

high-resolution (HR)images from several observed low-

resolution (LR) images, thereby increasing the high frequency 

components and removing the degradations caused by the 

imaging process of the low resolution camera. The basic idea 

behind SR is to combine the non-redundant information 

contained in multiple low-resolution frames to generate a 

high-resolution image.  

 
Figure 3Flow chart for DSR and restored image 
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A closely related technique with SR is the single 

image interpolation approach, which can be also used to 

increase the image size. However, since there is no additional 

information provided, the quality of the single image 

interpolation is very much limited due to the ill-posed nature 

of the problem, and the lost frequency components cannot be 

recovered. In the SR setting, however, multiple 

 

Low-resolution observations are available for 

reconstruction, making the problem better constrained. The 

non-redundant information contained in the these LR images 

is typically introduced by subpixel shifts between them. These 

subpixel shifts may occur due to uncontrolled motions 

between the imaging system and scene, e.g., movements of 

objects, or due to controlled motions, e.g., the satellite 

imaging system orbits the earth with predefined speed and 

path.Each low-resolution frame is a decimated, aliased 

observation of the true scene. SR is possible only if there 

exists subpixel motions between these low resolution frames. 

The flow chart for this project is shown in figure 3. 

 

V. RESULT AND DISCUSSIONS 

 

  
Figure 4 Simulate 

blurnoise 

Figure 5 Gradient descent 

and algorithm 

 

Apply gradient descent optimization technique to the noisy 

and blurred image (figure 4)and remove those artifacts. 

Wiener deconvolution is applied to this image is shown in 

figure 5. Try to restore the blurred noisy image by 

using deconvwnr without providing a noise estimate in the 

next stage. 

 

  

Figure 6 Removing blurring

 artifacts 

Figure 7 Applying fixed 

pattern                                                                       

noise 

 

 By default, the Wiener restoration filter assumes the 

NSR is equal to 0 is shown in figure 6.In this case, the Wiener 

restoration filter is equivalent to an ideal inverse filter, which 

can be extremely sensitive to noise in the input image is 

shown in figure 7. 

 

  
 

Figure 8 Digital super 

resolution stage 1 

 

Figure 9 Digital super 

resolution stage 2 

 

 Here the DSR(Digital super resolution) algorithm is 

used. It is applied as iterative stages as DSR stage 1, DSR 

stage 2 to get the edge details and texture details is shown in 

figure 8, 9. 

 

  
 

Figure 10 Reconstructed 

true 

 

Figure 11Restoredimagepoint 

spread function 

 

 In the next stage, point spread function for the image 

is calculated. PSF is used to measure the degree of blur 

present in an image and for the noisy image is shown in figure 

10. The results obtained from the proposed method  exhibit a 

reduction in FPN and blur when  compared with up sampled 

image. Note that the numbers that are progressively smaller, 

are easier to resolve with naked eyes when compared with the 

result. Besides, the outputs of the existing method show good 

high-frequency reconstruction but still have some noise 

components and a lack of sharpness when compared with the 

proposed method. 
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Table 1 Comparison of existing and proposed 

 
 

The estimated super resolution result from the 

proposed method, a significant improvement is observed (due 

to FPN and blur reduction) that allows for additional structures 

to be seen .The proposed method appears to produce the 

sharpest results with the least aliasing compared with the 

existing methods.The proposed method output appears to 

provide the best reconstruction with sharp and higher 

resolution is shown in 11.The table 1 shows the  utilization 

Summary of both Existing system and proposed system . 

 

VI. CONCLUSION 

 

In this paper, a unified method to reduce FPN and 

recover high-frequency image content for IR microscopy 

images is presented. The proposed method jointly estimates a 

DSR image and compensate NU parameters and blurring 

artifacts using a sequence of observed frames and use 

regularizations such as the NLM, a Laplacian operator, and the 

Pearson’s correlation coefficient to maintain fine textural 

image details, highlight spatial features in the scene and 

estimate FPN. We employ a gradient descent optimization and 

apply a Wiener deconvolution in each iteration to 

compensated the blur artifacts . Besides there is edge 

preservation and the best result is obtained. 
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