Unveiling the Power of Infrared with Adaptive MSDE and
MRCS a Multi-Resolution Approach

Koppala Vianney Xavier!, Viha Jaiswal?, Kankanala Srinivas>*

2

{kvianneyxavier123 @gmail.com!, viha.jaiswall @gmail.com?, srinivas.kankanala @vitap.ac.in>* }

School of Electronics Engineering, VIT-AP University, Amaravati, Andhra Pradesh, India, 522237.1:2,3*

Abstract. The adoption of infrared imaging in the military, security and inspection, transporta-
tion, night vision and surveillance, medical imaging, industry and man- ufacturing, and other
fields have sparked a great deal of demand. Though its broad use has been hampered by the
intrinsic limitations of infrared images, which are characterized by low contrast and muddled
features. This study presents a novel solution that includes a precisely planned workflow with
nine crucial compo- nents. Adaptive gamma correction with weighting distribution (AGCWD),
which is used to intelligently enhance contrast and luminance, is applied after image acquisition
and preprocessing. The image is divided into approximate, horizontal, vertical, and diagonal fea-
tures via the Haar wavelet transform, laying the ground- work for future improvements. Within
the approximation component, histogram equalization fine-tunes local and global contrast, while
multi-scale detail boosting painstakingly emphasizes small features on several scales. In this we
are using dis- crete wavelet transform. An extensive perspective of picture features is provided by
the development of a multiscale Laplacian pyramid, and cutting-edge fusion techniques skilfully
combine these elements to create an eye-catching final image Resizing, filtering, and brightness
tweaks are just a few of the finishing touches used in post-processing to enhance clarity and qual-
ity. The effectiveness of these improvements has been rigorously evaluated quantitatively using
the Structural Similarity Index (SSIM) and Peak Signal-to-Noise Ratio (PSNR). This research
marks a significant advance in infrared image processing, turning weak assets suited for a variety
of crucial applications into strong ones. In order to maximize the potential of infrared imaging
technology in real-world applications, there is room for enhancement in the areas of additional
algorithms, batch processing capabilities, user-friendly interfaces, and extended datasets.

Keywords: Infrared imaging, Image enhancement, Adaptive gamma correction, Wavelet trans-
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1 Introduction

In an array of sectors, including military operations, security monitoring, transportation, and
scientific research, infrared imaging technology has become an essential instrument. Numerous
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industries have been transformed by its capacity to catch ther- mal radiation and disclose hidden
information. Despite their inherent benefits, infrared images can pose difficult problems. Low con-
trast and fuzzy details, which restrict the efficiency of infrared imaging systems, are characteristics
of these problems. This study offers a novel strategy that makes use of advanced image processing
methods to overcome these difficulties. The main goal of this research is to improve the quality of in-
frared photographs so that they are more useful for a variety of applications and not just aesthetically
pleasing [1]. These approaches include multiscale detail boost- ing, adaptive gamma correction,
wavelet transformations, histogram equalization, and multiscale Laplacian pyramids. Each of these
methods is essential for improving the aesthetic and informative qualities of infrared photographs.
The project technique is broken down into nine distinct processes, each of which contributes to the
thorough improvement of infrared photographs. It starts with the acquisition and preparation of the
chosen canvas, making sure it is ready for alteration. Then, intelligently adaptive gamma correction
is used to modify the gamma values for various image regions, enhancing contrast and luminance.
The image is then dissected into its con- stituent parts using the Haar wavelet transform, which paves
the way for additional improvements. The pixel intensity distribution within the approximation com-
ponent is equalized via histogram equalization as we explore deeper into the intricate details of the
image, significantly boosting both local and global contrast [2, 3]. No feature is missed thanks to
multi-scale detail boosting, which makes even the minute features more noticeable across differ-
ent scales. The creation of a multiscale Laplacian pyramid offers a thorough understanding of the
elements of the image, enabling more accurate and subtle improvements.

The core of this project is advanced picture fusion, which carefully combines details from
various scales to produce a final image that not only captures the essence of the original but also
highlights its key characteristics. Through methods including scaling, filtering, and brightness mod-
ifications, post-processing excellence further enhances the improved image, providing outstanding
outcomes. We use rigorous quality measurements, such as the Peak Signal-to-Noise Ratio (PSNR)
and the Structural Similarity Index (SSIM) [4], to objectively assess the project’s success. These
measures offer quantifi- able understanding of how our idea improved photos stack up against the
originals in terms of fidelity and structural resemblance. Infrared imaging technology has advanced
significantly thanks to this initiative, in my opinion. We hope to fully realize the poten- tial of
infrared images by utilizing cutting-edge image processing techniques, making them important re-
sources in a variety of applications. Additionally, because of our dedication to continuous innovation
and improvement, this initiative will build the groundwork for a bright future in the field of picture
enhancement.

2 Related Work

A technique for improving infrared images utilizing adaptive multi-scale detail boosting and
multi-resolution contrast stretching was introduced by Lu et al. Similar to our approach, their work
focuses on overcoming the issues of poor contrast and fuzzy fea- tures in infrared imagery [5].
Two adaptive improvement techniques for high-grayscale RAW infrared photos were proposed by
Lv et al. Their method, which incorporates multi-scale fusion and chromatographic remapping,
may provide helpful information for boosting the quality of infrared images [6]. Infrared picture



colorization is accom- plished by combining multi-scale feature fusion with an attention mechanism
built on a CGAN network, according to a method reported by Ai et al. Although colorization is the
main focus, their method for fusing many scales of features may be useful for improving infrared
photos [7]. An approach for improving infrared images that fuses content and detail was proposed
by Pang et al. Their research may shed light on the fusion methods applied to improving infrared
photographs [8]. A fusion-based method for improving photographs by combining information from
near-infrared and visible light sources was presented by Zhu et al. The visual clarity of infrared
photographs may be improved using this method [9]. A multi-scale mixed convolutional network
was introduced by Du et al. for the super-resolution reconstruction of infrared pictures. Their efforts
might help improve the spatial resolution of infrared pictures [10].

A technique for halo-free image enhancement by multi-scale detail sharpening was put out
by Deng et al. They may be able to use our picture enhancing procedure to preserve some of the
image details they used [11]. Gautam and Mukhopadhyay focused on incorporating multi-scale
and multi-resolution characteristics to improve color ocular imaging. Their work on multi-scale
characteristics may provide insights on increasing details, although not being directly relevant to
infrared photos [12]. An adaptive non- local filter and local contrast are the foundation of the infrared
image enhancement technique Zhang et al. demonstrated. Their strategy for boosting local features
may be applicable to enhancing the quality of infrared images [13]. A method for night- time image
dehazing via multi-scale fusion was suggested by Wang et al their fusion method may be useful for
improving the visibility of infrared scenes even though it is not specifically connected to infrared
images [14]. For high-resolution change detection in built-up environments, Cao, Huang, and Weng
created a multi-scale weakly supervised learning technique with adaptive online noise correction.
Although change detection is their main focus, their multi-scale learning approach may be modified
to improve spatial details and find changes in infrared imagery [15].

Dual-mode integrated Janus films that effectively moderate thermal radiation for year-round
thermal management were developed by Yang and his colleagues. Although their research is not
specifically connected to improving infrared photos, their creative thermal management strategy may
serve as an inspiration for methods to do so [1]. Using an image segmentation technique based on
an arithmetic optimization algo- rithm, Singh and colleagues [2] introduced a feature-level picture
fusion technique for improving night-vision context. A method for merging infrared and visible
images, developed by Suryanarayana and his team, is based on multi-resolution SVD updation.
Although they have a fusion-focused strategy, they may provide some useful ideas for improving the
contrast and details of infrared images [3]. Han and Rahardja worked on layer decomposition and
image fusion-based high dynamic range (HDR) image tone mapping. Their knowledge of dynamic
range enhancement and image fusion may offer helpful methods for boosting the dynamic range of
infrared images [16]. For the segmentation of ship instances using synthetic aperture radar (SAR),
Shao and his team introduced the “’Scale in Scale” method. Although their work is not specifically
rel- evant to infrared images, their object segmentation approaches might be helpful for detection
[17].



3 Methodology

In an effort to enhance the quality of infrared photographs, which typically suffer from low
contrast and indistinct details, the study Enhancing Infrared Photos with Adaptive Multi-Scale Detail
Enhancement and Multi-Resolution Contrast Stretching uses a methodical approach. The following
are nine vital phases in the methodology and are presented in Figure 1.
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Fig. 1. Methodology Flowchart: A Visual Guide to Our Process

3.1 Image Acquisition and Preprocessing

The preprocessing of the chosen image, which includes grayscale conversion, lays the ground-
work for later improvements.
3.2 AGCWD (Adaptive Gamma Correction with Weighting Distribution

AGCWD is a technique that intelligently adjusts the gamma values for various sections of an
image to improve contrast and luminance. It uses the AGCWD method without the approximation
component (a2). And the procedure can be denoted in equation 1.
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where g(x,y) and g(x,y) will be the gray values of the real (original) and corrected images
respectively. gmax (X,y) is the maximum gray value of the original image. ¥ is a parameter.
In this paper, we propose a new special gamma function whose value of ¥ is calculated on the
basis of distribution of image histogram and its self-attributes as given in equation 2.
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where « is a parameter. mean(G) being the average gray value of the given image G. ¢df(G)
is the cumulative distribution function of the image G and we can define that as given in equation 3.

max G
pdfu(G)
Cdf(G) = Z max G -
minG ZminG pde(G)
where maxG and minG are the maximum and minimum gray values of the image G respectively.
pd f,, is the weighted probability density function of the image G, given in equation 4.

pdf(G)— pdfmin)
Pdfmax - pdfmin

where pd f(G) is the probability density function of the image G. pd fiax and pd fiin are the
maximum and the minimum values of the probability density function respectively.

Furthermore, the spatial relationship of the gray in the image is not considered when the image
is corrected by equation 1. Thus, the gray value is modified further by its spatial similarity, as given
in equation 5.
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3.3 Haar Wavelet Transform

We use the Haar wavelet technique to explore the intricate structural details of the image in
more detail. The image is divided into four basic parts as a result of this transformation: an approx-
imation (a2), horizontal detail (h2), vertical detail (v2), and diagonal detail (d2). These elements
serve as the foundation for our ensuing improvements.

3.4 Histogram Equalization

Histogram equalization is the result of our pursuit of better image quality. In order to normalize
the histogram, this method is carefully applied to the horizontal detail (h2), vertical detail (v2), and
diagonal detail (d2). A captivating image is produced by this redistribution of pixel intensities.



Because it boosts the values in the whole graph. Initially the values are spread only in the middle
area of the graph which means that we aren’t able to see the values of the very low contrast and the
very high contrast. With this method done we were able to visualise the details of the image better.
We can observe the same in the Figure 2 , in this histogram all the images are present in the left side
of the graph but after histogram equalisation the plot which is present only in the left side of the
graph has been equalised and the same can be seen in Figure 3.
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Fig. 2. Input Histogram

3.5 Boosting Multi-scale Detail

Multi-scale detail boosting is something we introduce in our never-ending quest for image
quality. The image’s fine features are improved using this technique at various scales. We make sure
that every nuance is increased by carefully increasing these nuances, giving the image a fascinating
quality.

3.6 Multiscale Laplacian Pyramid

We build a multiscale Laplacian pyramid to examine the image’s fine intricacies at various
scales. The image is accurately portrayed by this pyramid at different granu- larities. This gives us a
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Fig. 3. Input Histogram

thorough understanding of the aspects in the image, enabling more accurate and subtle adjustments.

3.7 Advanced Image Fusion

The art of image fusion sits at the core of our endeavour. We start a rigorous fusing procedure
by taking inspiration from the multiscale Laplacian pyramid components. In order to produce a
final image that captures the essence of the original while highlighting its key aspects, this method
integrates details from multiple scales.

3.8 Post-processing Excellence

We continue to strive for excellence during this stage. The combined image is subjected to
rigorous scaling and filtering procedures. The deployment of a median filter, which reduces noise
and further improves image clarity, is a vital component of this stage. The end result is an improved
image that not only captures the viewer’s attention but also serves as evidence of our dedication to
quality.

3.9 Quantitative Evaluation

The initiative places a strong emphasis on unbiased assessment utilizing performance metrics.
To evaluate how faithfully and structurally comparable the enhanced image is to the original, the



Peak Signal-to-Noise Ratio (PSNR) and Structural Similarity Index (SSIM) are calculated.

This methodical approach makes sure that each step advances the overarching objective of
improving infrared images to make them better suited for varied appli- cations. The project’s success
is confirmed by a careful quantitative analysis, and the project’s future directions include extending
the toolkit of image enhancement meth- ods, streamlining batch processing, creating user-friendly
interfaces, and improving dataset gathering efforts for ongoing innovation in the area of infrared
imaging.

4 Results and Discussion

The study, titled” Unveiling the Power of Infrared with adaptive MSDE and MRCS a Multi-
Resolution Approach” investigates cutting-edge approaches to deal with the difficulties in infrared
imaging technology. Although infrared imaging has many uses, including in the military, security,
and transportation, its usefulness is generally con- strained by low contrast and fuzzy details. The
research offers a comprehensive strategy that integrates numerous cutting-edge image processing
techniques to get around these constraints. The project starts with the acquisition and preprocess-
ing of images to make sure they are in the best possible condition for augmentation. Then, by
applying Adaptive Gamma Correction with Weighting Distribution (AGCWD), which intelligently
changes gamma correction to improve contrast and brightness, the groundwork is laid for additional
improvements. All the outputs with improved images can be seen in the Figure ?? clearly.
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Fig. 4. Output images after going through main stages which is compared with the plots of the Histogram

In our quest for optimizing data representation, we encountered an initial challenge where the
input histogram exhibited a pronounced bias towards the left side. This skewed distribution hindered



the effective utilization of the entire data range, leading to potential information loss and limiting
the interpretability of the dataset.

Through the implementation of our advanced enhancement techniques, we successfully trans-
formed the histogram into a more favourable state. The once-left-biased histogram is now a testa-
ment to the efficacy of our approach, as it showcases a well- distributed pattern across the entire
graph. This achievement not only signifies a more balanced utilization of data values but also en-
hances the clarity and comprehensibility of the underlying information.
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Fig. 5. Input image histogram

Our technique’s ability to spread values evenly throughout the histogram provides a solid foun-
dation for improved data analysis and visualization. The resultant distribution offers a more accurate
reflection of the underlying data, unlocking hidden insights and ensuring a more robust foundation
for subsequent analytical processes. The project uses a multiscale Laplacian pyramid to fully cap-
ture the intricacies of the image at various scales. Advanced algorithms are used to combine these
elements to produce a final image that captures the essence of the original while highlighting its key
aspects. The image is further polished using post-processing methods including median filtering and
scaling to ensure clarity and noise reduction. Utilizing criteria like the Peak Signal-to-Noise Ratio
(PSNR) and the Structural Similarity Index (SSIM), the augmented image is quantitatively evalu-
ated. These measurements offer unbiased perceptions into the advancements made by the project,
demonstrating the value of the implemented improvements. In conclusion, the experiment shows
how cutting- edge image processing methods have the potential to greatly improve infrared image



quality. In the Figures, Figure 5 and Figure 6 we can visualise that we have brought the histogram
in such a way that we will be able to visualize the values (the colours) very clearly. The raw pho-
tos are given new life by the joint efforts of adaptive gamma cor- rection, wavelet transformations,
histogram equalization, multi-scale detail boosting, and sophisticated fusion algorithms. This re-
search initiative opens up new opportuni- ties for further investigation and improvement of image
enhancement techniques while also improving the aesthetic appeal of infrared images. To make the
program usable by a larger audience, further development may involve expanding the toolkit, man-
aging batches of photographs, and creating user-friendly interfaces. The continual improve- ment
and invention of picture enhancing algorithms will also be aided by large data collection activities,
offering an exciting future.
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Fig. 6. Histogram of the final output image

5 Conclusion

Our study, focused on advancing infrared imaging, achieved a significant breakthrough by ad-
dressing issues like lack of contrast and fuzzy details. In the expansive field of infrared technology,
widely employed in military, security, transportation, and scien- tific research, persistent limitations
had curtailed its full potential. Recognizing this, we embarked on an innovative journey to enhance
the quality of infrared photographs. The primary objective was to employ cutting-edge image pro-
cessing techniques to not only improve the aesthetics of the images but also amplify their utility



across various applications. Our commitment materialized through a meticulously devised nine-step
process. Commencing with fundamental tasks such as image collection and preprocessing, we laid
the groundwork for subsequent enhancements.

The integration of Adaptive Gamma Correction with Weighting Distribution (AGCWD) marked
a pivotal step, intelligently applying gamma correction to different image sections while enhancing
contrast and luminance. The Haar wavelet transform facilitated the exploration of intricate structural
details, serving as the foundation for subsequent improvements. Local and global contrast received
further refinement through histogram equalization, while multi-scale detail boosting ensured that no
subtlety in the image went unnoticed.

A crucial phase involved the creation of a multiscale Laplacian pyramid, providing a compre-
hensive understanding of the image’s aspects. This insight enabled us to make accurate and subtle
improvements, setting the stage for the advanced picture fusion process. Here, details from vari-
ous scales were intricately integrated to produce a final image that not only preserved the integrity
of the original but also highlighted its key characteristics. The concluding steps involved excel-
lent post-processing, including scaling, filtering, and brightness adjustments, imparting the finishing
touches and ensuring the highest level of clarity and quality. Rigorous quality measurements, such
as the Peak Signal-to- Noise Ratio (PSNR) and the Structural Similarity Index (SSIM), objectively
evaluated our efforts, confirming substantial improvements in image quality.

As this phase concludes, we eagerly anticipate future possibilities. Our ongoing goals include
exploring more algorithms and strategies to expand our toolkit while delving further into image
enhancement. Additionally, we aim to broaden the project’s scope to handle batches of photographs,
streamlining the bulk image enhancement procedure. In essence, our endeavor stands as a testament
to the transformative poten- tial of image processing, breathing new life into infrared images and
paving the way for enhanced applications across diverse industries. Our journey reflects creativity,
precision, and unwavering commitment, laying the groundwork for a future where the boundaries
of picture improvement are continually pushed, unlocking the full potential of infrared imaging
technology.
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