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Abstract- Current scenario is very important for security 

and surveillance applications require different sorts of 

images as wellsprings of information for understanding and 

review. Image enhancement is method of put on adjusted 

alterations to an info image to make the ensuing image 

progressively alluring or to convey an improved remodel 

generation for up and coming mechanized image preparing 

strategies. Image enhancement of any underexposed or 

overexposed image are urgent to bring the information as 

removing information is exceptionally troublesome and now 

and again this information is totally lost. The interest of 

overexposed and underexposed images may be troublesome 

or here and there, it might be difficult to accumulate such 

images for identical casing. In this Paper, a calculation has 

been proposed which uses either overexposed image or 

underexposed image and still improves the nature of the 

image. Calculation will chip away at spatial area task and 

frequency space activity also. This research illustrates and 

compares the proposed modifies tanlog correction, 

histogram equalization, gamma correction and 

homomorphism filtering algorithm to various underexposed 

and over exposed images. Figure of merits such as PSNR, 

Entropy, and histogram have been analysed which proves 

the effectiveness of proposed algorithm. The proposed work 

has been successfully operated on underexposed and 

overexposed images and additionally an IOT based image 

acquisition system has been developed and implemented on 

the proposed system. 

Keywords- Image Enhancement, tanlog, PSNR, Over 

exposed, Underexposed, Image Processing 

 

 

 

I. INTRODUCTION 

Image processing used analog techniques to get hard 

copies of the data like Photostat and printout. The user 

uses large amount of data to interpret the relevant data by 

using visual techniques. Image processing is not confined 

to particular field which is just required to studied it is 

widely spread for the knowledge analysis purpose. 

Association is one of the most important tools used in the 

image processing for using visual techniques.The mixture 

personal data and collected is applied in image 

processing.  

 

Figure 1.1: Applications of Digital Image Processing 

Image Enhancement 

Image enhancement is the improvement of satellite image 

quality without information about the wellspring of 

debasement. On the off chance that the wellspring of 

debasement is known, one calls the procedure image 

reclamation recently talked are iconical forms, viz., info 

and yield is images. Various, frequently basic also, 

heuristic strategies are utilized to improve images in some 

sense.  Image reclamation expels or limits some known 

corruptions in an image.  In many image handling 
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applications, geometrical changes encourage preparing.  

Precedents are image reclamation, where one as often as 

possible needs to show the corruption  process as space-

invariant, or the alignment of an estimation gadget, or a 

revision in  request to evacuate a relative development 

among article and sensor. In all cases the first  activity is 

to dispose of a known geometrical. The geometric 

correction imagery must be upgraded to improve the 

compelling deceivability. Image enhancement systems are 

typically connected to remote detecting information to 

improve the presence of an image for human visual 

investigation. The principle focal point of enhancement 

techniques pursues these methodology in to image 

segmentation, grouping and geometric changes. 

Image Enhancement Techniques  

This area clarifies the arranged enhancement strategy that 

performs concurrent differentiate alteration or Histogram 

Equalization, edge enhancement and de-noising the raster 

imagery. The Enhancement technique works in two forms 

of images overexposed and underexposed as given 

underneath. Following techniques are being implemented 

for image enhancement for underexposed and 

overexposed images. 

1. Tan-Log Function: This is the highlighted and the 

most important section of this algorithm. The 

function treats the images on a pixel basis and 

then processes them through an analog function 

which generates decimal values of the order of 10 

and 1/100 and to avoid them to be out of the 

range of UINT8 data type it is multiplied by the 

coefficient of tand (255)(d refers to degrees here). 

𝑋𝑟(𝑖, 𝑗) = ∑ 𝑡𝑎𝑛𝑑(log(𝑌𝑟(𝑖, 𝑗))) ∗ 𝑡𝑎𝑛𝑑(225)
𝑗=𝑐𝑜𝑙
𝑖=𝑟𝑜𝑤        1.1 

𝑋𝑔(𝑖, 𝑗) = ∑ 𝑡𝑎𝑛𝑑(log(𝑌𝑔(𝑖, 𝑗))) ∗ 𝑡𝑎𝑛𝑑(225)
𝑗=𝑐𝑜𝑙
𝑖=𝑟𝑜𝑤        1.2 

𝑋𝑏(𝑖, 𝑗) = ∑ 𝑡𝑎𝑛𝑑(log(𝑌𝑏(𝑖, 𝑗))) ∗ 𝑡𝑎𝑛𝑑(225)
𝑗=𝑐𝑜𝑙
𝑖=𝑟𝑜𝑤        1.3 

2. Manual Contrast: Contrast is the difference in 

luminance or color that makes an object (or its 

representation in an image or display) 

distinguishable. In visual perception of the real 

world, contrast is determined by the difference in 

the color and brightness of the object and other 

objects within the same field of view. The human 

visual system is more sensitive to contrast than 

absolute luminance; we can perceive the world 

similarly regardless of the huge changes in 

illumination over the day or from place to place. 

The maximum contrast of an image is the contrast 

ratio or dynamic range. 

3. Mask Operation: Mask operation deals with the 

implementation of the median filter in two 

dimensional of the processing image with 

separation of RGB layers. The median filter is a 

nonlinear digital filtering technique, often used to 

remove noise from an image or signal.  

Y[m.n]=median[x(I,j),(I,j)] €Ꙍ1.4 

            Such noise reduction is a typical pre-processing 

step to improve the results of later processing (for 

example, edge detection on an image). Median 

filtering is very widely used in digital image 

processing because, under certain conditions, it 

preserves edges while removing noise also having 

applications in signal processing. 

4. Gamma Correction: A non-linear transfer of 

signal exists between an electrical device and an 

optical device.  

𝑋(𝑖, 𝑗) = 255 × (
𝑥(𝑖,𝑗)

255
)

1

𝛾
   1.5 

            This non-linearity causes serious distortions in the 

intensity of image, resulting with certain areas 

being too dark and with certain areas being 

bleached out. 

5. Histogram Equalization: Histogram equalization 

is a technique for adjusting image intensities to 

enhance contrast. The histogram of an image is a 

plot of the number of occurrences of gray levels 

in the image against the gray-level values. 



6. Homomorphic Filter: Homomorphic filter is used 

to remove the multiplicative noise. Working of 

homomorphic filter on an input image is shown 

below: 

 

 

 

 

 

 

Figure 1.3: .Flow Diagram of Homomorphic Filter 

              Homomorphic filter will be applied only on the Underexposed image to filter out the  low frequency band. 

Elementary Steps in Digital Image Processing 

Image Acquisition: The camera / digitizer convert the 

image into a form suitable for digital computer input.  

Image recovery: Image recovery is the removal or 

minimization of degradation in the image. Image recovery 

is dissimilar from image enhancement. Recovery 

techniques typically rely only on the class or set properties 

of the data set, where the image enhancement technique 

has a higher image dependency. 

Image Data Compression: Image data compression 

involves reducing the number of bits required to store or 

send images without significant loss of information.  

Color Image Processing: It is gradually more chief area 

due to the noteworthy increase in the exercise of digital 

images on the Internet.  

 

 

Figure 1.3: Fundamental Steps in Digital Image 

 

Objectives of Research 

The objectives of proposed work in the research is as 

follows- 

1. To apply image processing methods for various 

format of images. 

2. To implement image enhancement methods on 

underexposed and over exposed images. 

3. To apply and simulate tanlog based approach for 

image enhancement techniques. 

4. Performance analysis of simulated method using 

Peak signal to noise ratio (PSNR) and Mean 

Square error (MSE). 

5. To implement proposed methodology on various 

format of images and comparative analysis of 

MSE and PSNR among them. 

6. To implement Graphical user interface for the 

proposed image enhancement methods. 

Log FFT  H(k.l) INVERSE FFT Exp 



 

 

II. LITERATURE REVIEW 

 

 

 

 
 

Figure 2.1: Spatial Domain Methods in Image Processing 

 

Concentrates on improving the differentiation of various 

applications by safeguarding the splendour and improving 

the quality is an overall research issue that had been 

accomplished by various strategies. Different scientists 

have endeavoured to address this issue, yet despite 

everything it stays as a noteworthy issue in the zone of 

research. This part examines the works identified with 

differentiation enhancement and the subtleties of the 

exploration distributions intricately. 

Advanced images are assuming a significant job in 

various applications zones, for example, video 

observation, Radar, Medical images and Satellite 

imaging. The significant worries with the gained images 

are their commotion and low differentiate. The difference 

of the image chooses the nature of the image. 

Differentiation enhancement is utilized to play out the 

modification on obscurity or daintiness of the image. It 

for the most part used to draw out the highlights covered 

up in an image or to increment the difference of low 

differentiation image. The region of image preparing has 

been done in two distinct areas, for example, spatial and 

recurrence spaces.  

This exploration despite the fact that spotlights 

fundamentally on the spatial space it talks about  strategy 

identified with the recurrence space also. As the strategies 

proposed in this theory are identified with histogram 

evening out the talks on HE are Contrast Enhancement is 

a standout amongst the most adequate strategies for 

enhancement of restorative images. Diverse 

differentiation enhancement strategies like Difference 

Stretching, Histogram Equalization, AHE, CLAHE are as 

of now accessible. 

Naina Dhingra, et al 2015 proposed DWT-based image 

fusion algorithm is used to unit blurring to over-expose 

images and underexposed images. The projected method 

provides a synthesis image containing note worthy visual 

information present in the input image and a note worthy 

disparity enhancement. 

Huang Zhijia, et al 2015 presents an effectual method to 

amend the histogram and enhance the difference in digital 



images. The augmentation plays a vital role in digital 

image processing, computer vision and pattern detection. 

Li Min, et al 2016 explained that image fusion can be 

done at diverse levels: pixel, feature, and decision level. 

Pixel-level image fusion refers to the processing and 

collaboration of information collected by various imaging 

sources to better understand the scene. 

Mohd Azau et al 2016 described the use of hybrid gamma 

error correction S-type functions to enhance over-

exposure and underexposed images. The requirement to 

improve the visibility of photographic images under 

extreme lighting conditions is becoming increasingly 

important in digital image processing. The extreme 

condition is that when there is no reasonable light known 

as underexposure, too much light is called overexposure. 

The current popular enhancement technique is enhanced 

by contrast stretching, histogram equalization, 

homomorphic filtering, and contrast adjustment. 

ArezouSoltaniPanah et.al (2017) reviewed [5] a latest 

development in the applications which are non-media and 

have emerged very largely from past so many years. The 

receiver is able to detect watermark so the invisibility can 

be redefined and accepted in all the conditions so that can 

be generalized more easily. The main purpose of this 

paper to motivate the research in this field and solves that 

the research problems occurring during data mining 

process. 

III. PROBLEM DEFINITION 

In this paper, an integrated method has been proposed, 

which integrates homomorphic filtering, trigonometric 

transformation with  log  masking  and  Histogram  

Equalization  based  gamma optimization. The low 

intensity pixels are enhanced by Homomorphic filter. 

Sometimes this method is unable to calculate the 

accurate depth in more distorted images, therefore 

trigonometric transformation has been introduced to 

extract some hidden information from the images. The 

trigonometric transformation can break an image signal 

into low frequency. Most of the image information is 

hidden in low frequency band and edges are preserved in 

high frequency bands. So this transformation is very 

useful for this purpose. Log masking is used to sharpen 

the high frequency edges obtained from trigonometric 

transformation and to enhance the clarity of the image. 

Finally, histogram equalization based artificial bee 

colony optimization technique has been implemented for 

enhance the image contrast of the refined image as most 

of the distorted images have poor contrast. 

IV. IMPLEMENTAION & RESULTS ANALYSIS 

MATLAB stands for Matrix Laboratory. It is a very 

interactive software and able to perform numerical 

computational and visualization of data. There are various 

in-built functions present in MATLAB which makes it 

more beneficial for all fields of science and engineering.  

It is high level language programming language used for 

performing simulations, plotting of graphs. It uses 

different types of control statements like if statement, 

while statement, for statement. The variable can be 

imported and exported and can be easily managed from 

anywhere. The programs can be debugged and executed 

from M-files which is default execution statement in the 

MATLAB. It supports high level graphics in two-

dimensional and three-dimensional space. MATLB also 

provides the facility of high graphics for better data 

visualization, animation and image processing. It is very 

easy to design in the user defined interfaces. The 

MATLAB is used by the below mentioned type of users: 

1. The users who are able to perform complex 

mathematical expressions.  

2. The person who have the knowledge of algorithms and 

those who want to study their own performance.   

3. Data Analytics for the data visualization.  

4. The Application design agencies     

4.1 Simulation and Results 

The simulated image enhancement algorithm presented 

here represents the image recovered after the application 



of certain equations which are explained above in the 

proposed methodology section. The tables here shows the 

entropy and the standard deviation based result 

comparison of the underexposed and the overexposed 

images. The processes implemented here are manually 

calculated and are implemented as per the required 

conditions which are based over the images received. The 

two types of images that were accepted for this algorithm 

is underexposed and the overexposed. 

 

4.1.1 Implementation of Proposed System on Over Exposed Images 
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Figure 4.1:  Implementation on Overexposed Image (a) Original Image (b) Input Image after tanlog  process (c)Manual contrast 

enhanced image (d)Median filtered Image (e) Gamma Corrected Image (f) Manual Histogram Equalized Image (g) Output Image 

(Enhanced by CDF) 

 

  (a)                                                                 (b) 

Figure 4.2: (a) Histogram of Input Image (Overexposed) (b) Histogram of processed output Image 

 

4.1.2 Summary of Results-Image Sample-1 

For Overexposed Image the value of Peak Signal to Noise 

Ratio (PSNR) and Root Mean Square Error (RMSE) 

values are as shown below:- 

PSNR of the input image with respect to original image  =  

11.4050 

PSNR of the output image with respect to original image  

=  15.9778 

RMSE of the input image with respect to original image  

= 68.59 

RMSE of the output image with respect to original image  

= 40.52 

 

 

 

 

 

 

 



Table 4.1  

Entropy after applying different Techniques on Overexposed Images 

 

Entropy image tanlog 4.3144 

Entropy image Contrast Enhancement 5.8759 

Entropy image Median Filter 5.8427 

Entropy image Gamma Correction 5.4592 

Entropy image Manual Histogram 

Equalization 
5.3404 

Entropy image after CDF 5.8806 

 

Table 4.2 

Absolute Standard Deviation after applying Different Techniques on Overexposed Images 

Absolute Standard deviation image tandlog 49.0491 
Absolute Standard deviation image Contrast Enhancement 25.7775 

Absolute Standard deviation image Median Filter 25.8804 
Absolute Standard deviation image Gamma Correction 32.1905 

Absolute Standard deviation image Manual Histogram Equalization 35.4531 

Absolute Standard deviation image Homomorphic Filter 22.9043 

 

4.1.3 Implementation of Proposed System on Under Exposed Images 

 

 



 

 
 

      

 

 

 
        

Figure 4.3: Implementation on Under Exposed Images. (a) Underexposed Input Image (b) Input Image after Tanlog process (c) 

Manual contrast enhanced image (d) Median filtered Image (e) Gamma Corrected Image (f)Manually Histogram Equalised Image 

(g) Homomorphic Filtered Image (h) Output Image (Enhanced by Cumulative Distributive Function) 

 

                              (a)         (b) 

Figure 4.4: (a) Histogram of Input Image (Underexposed) (b) Histogram of processed output Image 

 

 

 



 

4.1.4 Summary of Results-Image Sample-2 

For Underexposed Image the value of Peak Signal to 

Noise Ratio (PSNR) and Root Mean Square Error 

(RMSE) values are as shown below:- 

PSNR of the input image with respect to original image  =  

12.7715 

PSNR of the output image with respect to original image  

=  19.4340 

RMSE of the input image with respect to original image  

=  58.88 

RMSE of the output image with respect to original image  

= 26.91 

 

 

Table 4.3 

Entropy after applying Different Techniques on Underexposed Images 

 

Entropy image tanlog 4.5187 

Entropy image Contrast Enhancement 4.8859 

Entropy image Median Filter 4.8959 

Entropy image Gamma Correction 4.6060 

Entropy image Manual Histogram Equalization 4.8506 

Entropy image after homomorphic filter 5.9105 

Entropy after CDF 6.1932 

 

 

Table 4.4 

Absolute Standard Deviation after applying Different Techniques on Underexposed Images 

Absolute  Standard deviation image tanlog 13.5968 

Absolute Standard deviation image Contrast Enhancement 16.6961 

Absolute  Standard deviation image Median Filter 16.9718 

Absolute  Standard deviation image Gamma Correction 24.9976 

Absolute  Standard deviation image Manual Histogram Equalization 31.604 

Absolute  Standard deviation image Homomorphic Filter 22.808 

Absolute  Standard deviation after CDF 30.8438 

 

4.2 Comparative Assessment on Various Samples   

The simulated image enhancement algorithm presented 

here represents the image recovered after the application 

of certain equations which are explained above in the 

proposed methodology section. The tables here shows the  

 



entropy and the standard deviation based result 

comparison of the underexposed and the overexposed 

images. The processes implemented here are manually 

calculated and are implemented as per the required 

conditions which are based over the images received. The 

comparative assessment of proposed technique on various 

samples are discussed as follows: 

 

Table 4.5 

Entropy after applying different Techniques on various Overexposed Images 

Entropy analysis 
Sample

-1 

Sample

-2 

Sample-

3 

Sample-

4 

Sample

-5 

Sample

-6 

Sample-

7 

Sample-

8 
Sample-

9 

Entropy image tanlog 3.1860 3.4835 4.4184 3.8855 4.1746 3.9245 4.4692 4.2306 4.3144 

Entropy image Contrast 

Enhancement 
4.6776 4.6798 5.7189 5.1762 5.7410 5.1437 5.8940 5.8346 5.8759 

Entropy image Median 

Filter 
4.6341 4.6647 5.7105 5.1552 5.7166 5.1051 5.8283 5.7662 5.8427 

Entropy image Gamma 

Correction 
4.4266 4.3303 5.3926 4.9382 5.5009 4.8101 5.4970 5.5484 5.4592 

Entropy image Manual 

Histogram Equalization 
3.7740 4.5404 5.3333 4.9044 5.3132 4.7279 5.5537 5.3751 5.3404 

Entropy image after 

CDF 
4.0265 4.6838 5.5661 4.8668 5.4179 4.7660 5.6767 5.4351 5.4806 

 

 

Table 4.6  

Absolute Standard Deviation after applying Different Techniques on Various Overexposed Images 

Deviation Analysis 
Sample-

1 

Sample-

2 

Sample-

3 

Sample-

4 

Sample-

5 

Sample-

6 

Sample-

7 

Sample-

8 

Sample-

9 

Absolute Standard 

deviation image tanlog 
54.9542 55.8951 49.0491 46.0173 48.6578 64.4761 50.7246 44.9884 48.9351 

Absolute Standard 

Deviation image 

Contrast Enhancement 

33.4584 29.0223 25.7775 26.7696 28.0467 39.9133 33.4306 26.7939 27.8428 

Absolute Standard 

deviation image Median 

Filter 

33.4841 29.0324 25.8804 27.1144 28.1581 40.1733 33.999 27.3081 28.3651 

Absolute Standard 

deviation image Gamma 

Correction 

39.2663 36.9481 32.1905 30.7585 32.1006 45.7771 37.8499 30.7503 33.8027 

Absolute Standard 

deviation image Manual 

Histogram Equalization 

49.6524 43.8009 35.4531 27.2727 30.8445 49.4552 36.7985 28.8458 35.5099 



Absolute Standard 

deviation image 

Homomorphic Filter 

11.2972 15.635 22.9043 34.1338 27.6825 12.6323 21.0657 28.1268 21.8250 

The above presented results and the algorithm has shown 

some vital improvements for the field of the image 

enhancement algorithm, the other methodologies which 

were used earlier are dependent over the certain database 

of the images. The proposed work is improved in terms of 

the timing as well as it generates the output image in 0.03 

seconds on an average basis which can further be 

improved by reducing the complexities of the filter 

algorithms such as the holomorphic filter and also the use 

of the different filters can also be considered as 

sometimes the image might exhibit the imaginary 

component missing as the image undergoes the Fast 

Fourier Transformation. 

4.3 Comparative Analysis of PSNR and MSE for Over 

Exposed Images and Under     Exposed Images 

The above discussed algorithm has been applied to over 

expose and Under Exposed Images simultaneously. It was 

found that there was significant increase in PSNR (Peak 

Signal to Noise Ratio) after the application of algorithm. 

Similarly there was significant change in Mean Square 

Error (MSE) for the respective images after the 

application of algorithm. Brief analysis of algorithm has 

been explained in Table. 

Table 4.7 

 Analysis of Changes in PSNR and MSE 

Type of Image Percentage Increase in PSNR Percentage Change in MSE  

UnderExposed 63.21 54.12  

Under Exposed 64.11 53.22  

Under Exposed 64.42 53.12  

Over Exposed 66.22 52.13  

Over Exposed 62.14 54.45  

Over Exposed 64.32 53.45  

 



 

(a) 

 

(b) 

Figure 4.5: (a) Graph showing Percentage Increase in PSNR (b) Graph showing Percentage Increase in MSE 
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4.4 Implementation of Graphical User Interface for 

Proposed System  

As the program involved multiple steps and multiple 

function files. For ease of access we have implemented 

graphical user interface (GUI) for the proposed system. 

The snapshot of GUI is given in Figure below. This GUI 

involves the processing of the program in simple steps by 

creating executive launch icons which can be accessed by 

user without any inconvenience. 

 

 

Figure 4.6: Image of Graphical User Interface 

 

 

 

V. CONCLUSION & FUTURE SCOPE 

Conclusion  

Now a day’s applications require various kinds of images 

as sources of information for interpretation and 

inspection. Image enhancement is technique of put on 

altered modifications to an input image to create the 

subsequent image more attractive or to deliver an 

improved renovate production for upcoming automated 

image processing techniques. Image enhancement of any  

overexposed image are critically crucial to fetch the 

information as extracting information is very difficult and 

sometimes this information is completely lost. There have 

been few papers which discusses the image enhancement 

algorithms using the fusion technique of underexposed 

and overexposed images. However the demand of 

overexposed and underexposed images might be difficult 

or sometimes it may be impossible to gather such images 

for exact same frame. In this paper an algorithm has been 

proposed which uses either overexposed image or 

underexposed image and still improves the quality of the 

image. Algorithm will work on spatial domain operation 

and frequency domain operation as well.The above 

presented result and the algorithm has shown some vital 

improvements for the field of the image enhancement 

algorithm, the other methodologies which wereused 

earlier are dependent over the certain database of the 

images. The proposed work is improved in terms of the 

timing as well as it generates the output image in few 

seconds on an average basis which can further be 

improved by reducing the complexities of the filter 

algorithms such as the homomorphic filter and also the 

use of the different filters can also be considered as 

sometimes the image might exhibit the imaginary 



component missing as the image undergoes the Fast 

Fourier Transformation. 

Future Scope 

There are certain future aspects of the proposed 

algorithm:- 

1. This proposed algorithm can be compared with soft 

computing based algorithms on the various parametric 

values.   

2. This algorithm can be improved by using more secure 

channel algorithms.   
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