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Abstract — Background: Poor weather conditions, such as rain 
or snow, may seriously degrade the quality of color photographs. 
This deterioration may impact various domains, such as 
surveillance systems, outdoor visibility, and image-based analysis 
in areas such as computer vision and remote sensing.  

Objective: The main aim of this study is to offer a unique 
approach for rapidly removing rain or snow from color 
photographs using MATLAB while retaining the image's original 
quality and features. 

Methods: This article uses the L0 gradient minimization 
approach to target and eliminate rain pixels. Rather than relying 
simply on local features, this global technique finds and retains 
critical edges across the picture. After removing the rain, the 
picture quality is improved further by modifying the histogram to 
boost contrast. The approach incorporates color correction and 
enhancement methods inspired by many sources to ensure 
accuracy in the rain or snow removal procedure. 

Results: The results show this strategy works well, even in 
severe rain. It not only eliminates rain successfully, but it also 
keeps important picture features. However, thorough removal 
may demand reducing overall picture quality in severe rain or 
snow. 

Conclusion: The suggested approach may provide a viable 
option for effectively eliminating rain or snow from color 
photographs, improving visual interpretation and analysis in 
various applications. This strategy significantly advances image 
processing and computer vision by addressing the problems 
caused by poor picture quality due to severe weather conditions. 

I. INTRODUCTION 

Inclement weather, such as rain or snow, may drastically 
decrease the quality of color photos, diminishing visibility and 
overall visual appeal. Various strategies have been presented in 
recent years to overcome this difficulty and restore the clarity 
and natural colors of rain or snow-affected photos. The article 
offers a unique approach for removing rain or snow from color 
photographs using MATLAB, a popular image processing and 
computer vision program. 

Rain or snow in photos may obscure vital details and lower 
the quality of shots and movies. It may reduce the efficacy of 
surveillance systems, reduce visibility in outdoor situations, and 
have a detrimental influence on image-based analysis in 

domains such as computer vision and remote sensing. As a 
result, creating effective and reliable algorithms for rain or 
snow removal has emerged as an important research topic in 
image processing. 

Our method is inspired by various cutting-edge image 
processing algorithms, notably those focusing on rain or snow 
removal. Xu et al. proposed a picture-smoothing approach 
based on L0 gradient minimization that may be modified to 
eliminate rain or snow artifacts [1]. Moreover, Zhou et al. 
developed a rain detection and removal methodology for 
sequential photos, which we used as a reference [2]. Their 
investigation emphasizes the need to identify rain zones prior to 
removal correctly. 

Tripathi and Mukhopadhyay also described a 
meteorological technique for identifying and eliminating rain 
from movies, which provided insights into dealing with 
dynamic rain patterns [3]. Their technology uses meteorological 
data to help in rain detection, resulting in a reliable rain removal 
procedure. Xu et al.'s [4] guided filter-based approaches, and 
Chen and Chau's algorithm for rain pixel recovery in extremely 
dynamic landscapes [5] influenced our approach. These 
methods use the image's local structures to differentiate rain or 
snow from the backdrop, resulting in more precise removal. 

We use color correction and enhancement methods to 
guarantee proper color representation throughout the rain or 
snow removal procedure. Color temperature line 
transformations by Qasim and Pyliavskyi [6] and color 
correction in picture transmission by Hashim et al. [7] have 
inspired our color restoration technique. These techniques 
enable us to deal with color shifts and artifacts that may appear 
during the rain removal process while maintaining the accuracy 
of the original image. 

We use histogram equalization to improve contrast, building 
on Yeganeh, Ziaei, and Rezaie's [8] technique and Arici, 
Dikbas, and Altunbasak's [9] histogram modification 
framework. Histogram equalization may increase the contrast 
of photos impacted by rain or snow, improving visual quality 
and assisting in following processing processes. 
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Our suggested method's major goal is to give an effective 
and efficient solution to the issue of removing rain or snow from 
color photographs. Our approach tries to accomplish the 
following by using insights from the mentioned techniques: 

Accurate Rain or Snow Detection: To enable targeted 
removal, identify rain or snow locations in the supplied picture. 

Preserve essential local buildings while eliminating rain or 
snow artifacts to maintain picture features. 

Color Restoration: Correct color changes caused by rain or 
snow and restore the scene's correct colors. 

Enhance the contrast of photographs damaged by rain or 
snow for better visual understanding. 

The suggested approach has the potential to successfully 
remove rain or snow from color photographs, hence improving 
visual interpretation and analysis in a variety of applications. 
Our technique, which incorporates concepts from relevant 
sources, intends to overcome the problems given by 
unfavorable weather circumstances and restore picture visual 
quality, thereby helping image processing and computer vision 
sectors. 

A. Aim of the Article 

This article aims to use MATLAB algorithms to remove rain 
or snow from photographs efficiently. This procedure seeks to 
remove any undesired residues from these priceless 
photographs. Because some of these images are unique and 
cannot be duplicated, handling any rain or snow interference that 
may have happened during their collection is critical. The 
program's design leverages innovative algorithms to detect and 
eliminate these undesired aspects from photographs, resulting in 
improved quality and aesthetic appeal. 

B. Problem Statement 

This method can achieve favorable snow removal results 
while maintaining acceptable image quality. Nonetheless, it has 
limits when dealing with thick and large-sized snow, making 
precise recognizing and removing such snow accumulations 
challenging. Another disadvantage is that it needs to correct 
minor image features such as snow, leading to undesired 
changes. In contrast, as indicated by the results in the last 
column, our approach excels at snow removal, providing much-
increased performance. Our method efficiently eliminates a 
significant percentage of the snow from the photos while 
maintaining most of the critical image features, improving the 
visual quality of the snow-removed photographs. 

In particularly heavy rain or snow, total elimination may only 
be possible by reducing overall image quality. 

II. LITERATURE REVIEW

Rain may drastically impact the quality of movies shot in 
outdoor locations, resulting in decreased visibility and a worse 
visual experience. To address this problem, many rain removal 
methods have emerged in the literature. Based on the sources 
presented, this literature study aims to offer an overview and 
analysis of several notable rain removal strategies. 

One such approach is the identification and deletion of rain 
from records using meteorological parameters [3]. Utilizing 
meteorological features, this algorithm presents an innovative, 
efficient, and simple approach for identifying and deleting rain 
from films. The program efficiently differentiates rain pixels 
from non-rain pixels by using these attributes. What 
distinguishes this method is its ability to attain high accuracy 
with fewer successive frames, hence reducing buffer size and 
latency. Furthermore, working purely on the intensity plane 
decreases complexity and execution time dramatically, resulting 
in greater performance when compared to previous rain removal 
methods [4]. 

Although not directly connected to video rain removal, the 
Prior to removing haze from a single picture, use the dark 
channel [5] tackles the problem of removing haze from single 
images. The raw atmospheric transmission map is estimated 
using the dark channel prior, and the scene albedo is restored 
using the atmospheric scattering model. While this method is 
mainly concerned with single pictures, it highlights the promise 
of prior-based strategies in improving visibility in adverse 
weather circumstances. 

The rain reduction in video using a combination of temporal 
and chromatic qualities [6] technique is another prominent rain 
removal algorithm. This method detects and removes rain 
streaks by combining rain's temporal and chromatic aspects in 
movies. The algorithm can handle both stationary and dynamic 
scenes captured by stationary cameras by considering the 
temporal property in which pixels are not continuously covered 
by rain throughout the video and the chromatic property in which 
rain-affected pixels exhibit similar R, G, and B value changes. 
Furthermore, it may handle moving camera footage by 
stabilizing the video during rain removal and restoring camera 
motion afterward. 

The method for removing rain and snow from videos using 
Spatio-Temporal Frequency Analysis [7] focuses on removing 
rain and snow from single-colour pictures. To obtain desired 
results, it utilizes image decomposition and dictionary learning 
algorithms. The algorithm divides the image into two halves, one 
with no rain or snow and one with rain or snow and image 
features. Following that, image details are retrieved from the 
high-frequency component using a hierarchical structure. The 
suggested technique is verified by subjective and objective 
assessments, proving its superiority over current approaches. 

This study of the literature gives insight into numerous ways 
to remove rain from movies and photos, addressing the issues 
posed by rain-induced artifacts under varied weather 
circumstances. Meteorological features, dark channel prior, 
temporal and chromatic qualities, and spatiotemporal frequency 
analysis are all included in the methods described. Each strategy 
helps to improve video quality by lowering the appearance of 
rain streaks and improving image details. 

As research in this subject progresses, future studies will 
likely investigate fresh strategies, using deep learning methods 
with standard ones, to enhance the effectiveness of rain removal 
algorithms in films and photos. This ongoing improvement in 
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rain removal technology offers the potential to create clearer and 
more aesthetically pleasing films even in inclement weather. 

III. BACKGROUND

A. Rain Features in Still Images 

Rain imparts specific spatial and chromatic properties to still 
photos, making it a difficult artefact to handle. In this part, we 
will look at the basic characteristics of rain and how they affect 
visual content. 

1) Spatial

The visual patterns and structures generated by rainwater as 
they fall across the landscape are referred to as the spatial 
qualities of rain in still photographs. Rain streaks may appear as 
lengthy, slanted lines that frequently follow the course of the rain 
[8]. Depending on the quantity and speed of the rain, these 
streaks may vary in size, depth, and intensity. 

Raindrops can generate backdrop irregularities and obscure 
underlying features, resulting in diminished visibility of objects 
and scene components. The geographical distribution of rain in 
a picture may be non-uniform, with some places receiving more 
rain and others receiving less. 

Rain-splattered pixels exhibit comparable intensity 
distributions [9], as illustrated in Fig. 1(a) where two circles are 
presented. The radius of each circle represents the pixel 
intensity, while the radian represents the distance. The inner 
circle showcases the intensity distribution of a pixel unaffected 
by rain, while the outer circle represents the intensity distribution 
of a rain-affected pixel. These circles serve as approximations 
resulting from variations in ambient irradiation. 

Fig. 1(b) displays the intensity distribution of a neighboring 
pixel with a similar background, resembling the characteristics 
observed in Fig. 1(a).  

Fig. 1© shows that pixels never covered by rain exhibit a 
relatively constant brightness. In summary, the spatial properties 
of rain in single photographs exhibit the following 
characteristics: 

 Rain-covered pixels display intensity distributions that
follow the pattern depicted in Fig. 1.

 Adjacent pixels with identical backgrounds demonstrate
comparable intensity changes.

 Pixels that remain unaffected by rain exhibit a uniform
intensity distribution.

The given text has been rephrased while retaining the 
essential information about the intensity distributions of rain-
splattered pixels and their spatial properties. 

2) Chromatic

A stationary raindrop is analogous to a transparent sphere 
that can refract light within an expanded optical field.” As a 
result, surface and interior reflections contribute to the 
increased brightness of pixels covered by rain, which contrast 
dramatically with their backgrounds. Even in the face of 

significant changes in background intensities, the rain-affected 
pixel intensities remain roughly consistent [15]. Furthermore, in 
the context of a picture, the projection of a raindrop might 
produce blurring effects due to the fast motion of raindrops and 
the camera’s restricted exposure period. 

Fig. 1. The intensity distributions of different pixels in the context of rain 
coverage 

The brightness of a given pixel in the streak is determined by 
a number of factors, including the strength of the stationary 
raindrop, the brightness of the background, and the time of the 
camera’s exposure. As a result of these factors, the pixel’s 
intensity in the streak tends to be lower than that of the stationary 
raindrop. The precise term regulating this intensity connection is 
given in reference [15]: 

𝐼௕௥ሺ𝑥, 𝑦ሻ ൌ ׬ 𝐸𝑟ሺ𝑥, 𝑦ሻ𝛼𝑡
ఛ

଴ ൅ ׬ 𝐸𝑏ሺ𝑥, 𝑦ሻ𝛼𝑡
ఛ

ఛ    (1) 

Let T be the presentation period, indicate the interim 
amid which a raindrop sits on a pixel, Eb symbolizes the 
time-averaged irradiance provided by the foundation, Er 
indicate the time-averaged irradiance created by the 
raindrop, and Ibr indicates the concentrated of the pixel 
secured by rain. Within the discrete space, the connections 
are as takes after: Ib = T * Eb and Ir = T * Er. As a result, 
we get the taking after connections: 

𝐼௕௥ሺ𝑥, 𝑦ሻ ൌ 𝛼 ൈ 𝐼ఛሺ𝑥, 𝑦ሻ ൅ ሺ1 െ 𝛼ሻ ൈ 𝐼௕ሺ𝑥, 𝑦ሻ, 𝛼 ൌ
ఛ

்
   (2)

The lines of pixels are created through the combination of a 
foundation and a stationary raindrop power, with each of the 
channel’s R, G, and B having a direct relationship with their 
respective foundation streams. The approach efficiently detects 
global edges and regulates the formation of non-zero slopes, 
resulting in sparsity-controlled approximation of main structures 
[16]. As a result, our technique is rationalist to image-specific 
highlights, ensuring its use in rain expulsion operations. 

IV. METHODOLOGY

A. The Rain Removal Framework 

The method of rain expulsion includes a method known as 
smoothing [17], wherein the objective is to recognize notable 
locales, particularly by guiding the quantity of higher than zero 
gradients to the high-contrast areas on a worldwide scale. 

1) Smoothing Operation

In this case, we use the smoothing approach described in [1]. 
First, the starting point of the discrete signal is denoted as 'g,' 
and the noise reduction process yields as 'f.' The approach 
includes the discrete assessment of amplitude changes, which is 
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indicated as follows: 

𝑐ሺ𝑓ሻ ൌ # ቄ𝑝 ቚห𝑓௣ െ 𝑓௣ାଵหቚ ് 0ቅ     (3) 

Let p and p+1 represent the indices of neighboring samples 
or pixels in a particular context. The gradient for p is denoted 
by the phrase |fp - fp+1| when the front-end variety calculation 
is used. The counting operator, denoted by #, determines the 
number of occurrences where |fp - fp+1| = 0, quantifying the 
gradient's L0 norm, corresponding to the total count of non-zero 
components [2]. 

The function c(f) is critical in our method since it computes 
the discrete count without considering the gradient magnitude. 
As a result, changes in edge contrast do not affect the output of 
the function. However, it should be highlighted that c(f) alone 
lacks utility; rather, it is incorporated into our approach with a 
larger constraint requiring the outcome f to have a structural 
resemblance to the input signal g. The combination of c(f) and 
the structural restriction is the foundation of our special goal 
function. 

min
௙

∑ ሺ𝑓𝑝 െ 𝑔𝑝ሻଶ𝑠. 𝑡.  𝑐ሺ𝑓ሻ ൌ 𝑘௉      (4) 

The equation c(f) = k indicates the existence of k non-zero 
gradients in the ensuing output. Equation (4) is a powerful tool 
for obtaining important structural information since it 
successfully suppresses tiny details while emphasizing 
significant edges. The generated signal keeps the original's form 
since intensity variations are promoted exclusively along major 
edges to minimize overall energy. Notably, shifting edges to 
other locations raises the total cost, showing a significant 
smoothing effect distinguishing it from standard edge-
preserving approaches [18]. 

A larger value of k results in a more precise approximation 
while maintaining the most obvious areas of contrast. The 
quadratic intensity difference factor (fp - gp) 2 in Equation (4) 
constrains abrupt changes in pixel colors, allowing for the 
controlled and statistical elimination of low-amplitude 
structures while automatically keeping conspicuous edgesIn the 
context of rain removal, the framework introduced in this 
approach stands out for its ability to prevent edge blurriness by 
steering clear of local filtering and averaging procedures, 
regardless of the value of parameter k in Equation (4). 

In practical applications, the value of k in Equation (4) can 
vary significantly, ranging from tens to thousands, particularly 
in 2D images with varying resolutions. To achieve control over 
k and strike a balance between flattening the image structure 
and retaining the resemblance to the input, a generic 
formulation is employed. This formulation ensures that the rain 
removal process maintains the essential image characteristics 
while adapting to different levels of intensity and preserving 
visual coherence. 

min
௙

∑ ሺ𝑓𝑝 െ 𝑔𝑝ሻଶ ൅ 𝜆 ൈ 𝑐ሺ𝑓ሻ௉        (5) 

Let λ be a weight directly affecting the relevance of c(f), 
acting as a smoothing parameter. A high value of λ causes a 
paucity of edges in the output. A plot is constructed in Fig. 2(b), 
exhibiting the smoothing procedure for Fig. 2(a), to establish a 
link between k and 1/λ, indicated by equations (4) and (5), 

respectively. Notably, the number of non-zero gradients behave 
monotonically for 1/λ. 

Fig. 2. (a) L0 smoothing results. (b) Variations in k and λ, as shown in equations 
(4) and (5), are linked with the smoothing procedure described in (a) 

To illustrate the effectiveness of the smoothing technique, 
we consider another example from [1]. Fig. 3 showcases three 
needle-like objects characterized by low resolution yet high 
amplitude. In Fig. 3(a) and (b), we observe the smoothing 
results obtained by varying the parameter λ. Remarkably, the 
technique successfully preserves the scales of the objects while 
introducing one or more spikes depending on the λ value. 
Despite the presence of spikes, their attenuation is modest and 
consistent in all directions. 

Fig. 3. Effect of λ Variations on Smoothing 

B. Smoothing in the two-dimensional (2D) domain 
The extension of the smoothing approach to the two-

dimensional (2D) domain involves representing the input image 
as "I," and the resulting smoothed image as "S." For each pixel 
in the image, we compute the gradient ∇Sp = (∂xSp, ∂ySp)T, 
which represents the color difference between neighboring 
pixels along the x and y directions. Mathematically, the gradient 
measure is defined as follows: 

𝐶ሺ𝑆ሻ ൌ # ቄ𝑝 ቚห𝛿௫𝑆௣ห ൅ ห𝛿௬𝑆௣หቚ ് 0ቅ          (6) 

Here, equation (6) counts the pixels "p" for which the scale 
|∂xSp| + |∂ySp| is not equal to zero, effectively characterizing the 
regions with significant color variations in the smoothed image 
"S." To approximate "S" based on this gradient information, we 
solve the following optimization problem:  

min
ௌ

ሼ∑ ሺ𝑆𝑝 െ 𝐼𝑝ሻଶ ൅ 𝜆 ൈ 𝐶ሺ𝑆ሻ௉ ሽ      (7) 

  In equation (7), the term ∑(Sp-Ip)^2 relates to the structural 
similarity between the smoothed image and the input image "I," 
ensuring that the resulting image "S" remains visually similar to 
the original image. 
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To solve the optimization problem (7), we employ the half 
quadratic splitting technique and introduce auxiliary variables to 
iteratively update and extend the original terms. Due to the 
discrete nature of L0 smoothing, two additional subproblems 
need to be addressed: minimizing the generated image and 
handling the auxiliary variables. 

By efficiently addressing these subproblems, the L0 
smoothing technique effectively extends the one-dimensional 
(1D) approach to the 2D domain, enabling robust and visually 
appealing smoothing of color images. The use of gradient 
magnitude |∂Sp| accumulates the total gradient magnitudes 
across different RGB planes, adhering to conventional color 
representation. The method ensures the effective removal of 
noise and unwanted artifacts while preserving essential image 
structures. 

The application of L0 gradient minimization has 
demonstrated promising results in various image processing 
tasks, including image smoothing and restoration. By 
incorporating this technique into our proposed method for rain 
or snow removal, we aim to leverage its capabilities to achieve 
accurate and visually pleasing results. The subsequent sections 
will delve into the details of how L0 smoothing is adapted and 
integrated into the rain or snow removal process using 
MATLAB, followed by experimental evaluation and 
comparative analysis to assess the performance and efficacy of 
our method. 

C. Algorithm 1: L0 Gradient Minimization 

Algorithm 1 outlines the smoothing process, where the 
parameter β is automatically updated after each iteration. 
Initially, β is assigned a specific value, and at each step, it is 
multiplied by κ. This adaptive approach accelerates 
convergence and brings the elements closer together, resulting 
in efficient and cohesive results. For our specific setup, we set 
β and βmax to 2λ and 1E5, respectively, while κ is assigned a 
value of 2. This choice strikes the optimal balance between 
computational efficiency and overall performance . 

The parameter λ plays a crucial role in determining the 
smoothness or roughness of the resulting structure. Its value 
significantly influences the outcomes of the smoothing process. 
Fine-tuning λ allows us to control the level of detail 
preservation and achieve the desired smoothing effect. Careful 
selection of λ is essential to tailor the smoothing process to the 
specific requirements of the task at hand. 

D. Contrast Enhancement 

The degree of variance in pixel brightness relative to the 
average brightness is measured by contrast. One approach 
for achieving great contrast is histogram stretching, which 
involves moving pixel values to cover the whole brightness 
range. 

The initial stage in histogram stretching is to define the pixel 
values that should be translated to the lowest and greatest 
brightness levels, often eliminating a small fraction of the 
brightest and darkest pixels since they may be impacted by 
sensor noise [19], [20]. Extreme values are cut to provide more 
space for the remaining intensities within the modified dynamic 

range by setting the adjustment limits to the lowest 1% (0.01) 
and top 1% (0.99) of the intensity range. 

Gamma correction is used to determine the nonlinear 
mapping between input and output image values. The gamma 
correction factor might range between 0 and infinite. A gamma 
value of 1 result in a linear mapping, which means that the 
output values exactly match to the input values. However, for 
gamma values less than one, the mapping favours higher 
(brighter) output values, but for gamma values larger than one, 
the mapping favours lower (darker) output values. Fig. 4 depicts 
these correlations with three transformation curves (a), (b), and 
(c) for gamma values less than, equal to, and higher than 1. 

Fig. 4. Output smoothed image 

Fig. 5. Mapping w.r.t variations in λ. The intensity values in the input image are 
represented by the x-axis in each graph, while the intensity values in the output 
image are represented by the y-axis. 

The enhancement procedure is shown in Fig. 5, where the 
value is set to 1 for linear mapping. Compared to (c), (d) shows 
a uniform intensity distribution. 
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Fig. 6. (a) Original image, (b) Enhanced image for = 1, (c) and (d) Histograms 
corresponding to (a) and (b) red planes, respectively 

Fig. 7. (a), (c), and (e) are photos of heavy rain. (b), (d), and (f) are the pictures 
produced after eliminating rain using the suggested approach. For all of the 
instances λ = 2E – 2 and κ = 2.0 

TABLE I. CONNECTED COMPONENT ANALYSIS 

Image 
No. 

No. of rain 
components in 
original image 

No. of rain 
components in 
resultant image 

Rain 
removal in 

% 
1. 413 135 67.31 
2. 418 110 73.68 
3. 286 56 80.42 

E. Peak signal-to-noise ratio(PSNR) 

The peak signal-to-noise ratio (PSNR) is an engineering 
statistic that quantifies the connection between a signal's highest 
potential strength and the power of noise that interferes with its 
proper representation [18]. Given the broad dynamic range of 
many signals, PSNR is often stated on a logarithmic scale in 
decibels (dB). 

PSNR is often used to evaluate the reconstruction quality of 
lossy compressed pictures and movies. It is an extremely useful 
tool for evaluating the authenticity and efficacy of the 
compression process. 

In particularly heavy rain or snow, total elimination may be 
impossible without reducing overall image quality [21]. 

1) Mean Squared Error

The Mean Squared Error (MSE) measure is used to express 
PSNR. The MSE is defined as follows for a noise-free 
monochrome image I of dimensions mn and its noisy variant K: 

Fig. 8. (a), (c), and (e) represent the rain components from the original photos, 
whereas (b), (d), and (f) represent the corresponding components remaining 
after applying the suggested approach 

𝑀𝑆𝐸 ൌ
ଵ

௠௡
෍ ∑ ሾ𝐼ሺ𝑖, 𝑗ሻ െ 𝐾ሺ𝑖, 𝑗ሻሿଶ௡ିଵ

௝ି଴

௠ିଵ

௜ୀ଴
     (8) 

The PSNR (in dB) is defined as: 

𝑃𝑆𝑁𝑅 ൌ 10 ൈ logଵ଴ ቀெ஺௑಺
మ

ெௌா
ቁ      (9) 

Here, MAXI refers to the image's maximum possible pixel 
value. When pixels are represented with 8 bits per sample, this 
value equals 255. In a larger sense, MAXI may be stated as 2B 
1 when samples are encoded using linear PCM with B bits per 
sample. 

2) Quality estimation with PSNR

PSNR is a frequently used statistic for assessing the 
reconstruction quality in lossy compression codecs, especially 
image compression. It assesses the compressed data's quality by 
measuring the mistake produced during the compression 
process compared to the original data. 

When comparing various compression codecs, PSNR 
estimates how well the reconstructed data corresponds with the 
human sense of quality. Higher PSNR values imply higher 
reconstruction quality. For lossy image and video compression 
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with an 8-bit depth, typical PSNR values range from 30 to 50 
dB. 

When working with larger bit depths, such as 12-bit 
pictures, a PSNR value of 60 dB or more indicates good 
processing quality. PSNR levels for 16-bit data are typically in 
the 60-80 dB range. 

In wireless transmission quality loss, acceptable PSNR 
values range from 20 to 25 dB [22], [23] 

The Mean Squared Error (MSE) is 0 when there is no noise. 
As a result, the PSNR becomes infinite or undefined (due to 
division by zero) in such instances. 

Fig. 9. PSNR values for different quality levels of a jpeg compressed picture 

F. L0 Gradient Minimization 

The article focuses on using L0 gradient reduction to control 
the number of non-zero gradients in an input signal. This 
approach is useful for decreasing tiny gradients produced by 
signal noise while keeping important signal properties. L0 
gradient reduction has been effectively used in various domains 
within computer vision, including image denoising, 3D meshes 
denoising, and picture augmentation. 

Because the L0 norm is non-convex, minimizing it is an NP-
hard issue. As a result, present approaches use approximation 
methodologies to accomplish reduction. In this study, we offer 
an innovative and efficient technique for L0 gradient 
minimization. Our method employs a descent-based area fusion 
mechanism, which converges quicker than existing techniques 
and gives a more accurate estimate of the ideal L0 norm. 
Furthermore, our technique is adaptable since it can be used for 
2D photos and 3D mesh topologies [24]. 

The article presents various instances to illustrate the 
success of our method. Our study is to develop L0 
gradient reduction and its practical applications in various 
industries. 

V. RESULTS 

Dealing with meteorological issues such as rain or snow is 
a persistent concern in digital image processing. The MATLAB 
computer language provides a systematic and user solution to 
this problem. 

The initial step of the project, as shown in Fig. 10, comprises 
organizing the project files. These files are essential 
components of our technique, including the MATLAB scripts 
and numerous auxiliary files necessary for the process to run 
properly. The files are organized in such a way that they are 
easy to access and create a flexible working environment for 
users. 

Fig. 10. Projects Files 

The interface design for our project is shown in Fig. 11. This 
design focuses on simplicity without sacrificing utility. The 
interface includes buttons and displays that are carefully placed 
to offer a consistent user experience. The major point of 
engagement is the 'Remove Rain Image' button, which, when 
pressed, begins the intricate process of precipitation removal. 

Fig. 11. Project interface design 

Fig. 12 depicts the procedure after picture insertion. Our 
ground-breaking algorithm begins analyzing the chosen picture 
at this point. It separates the raindrops or snowflakes from the 
rest of the image by detecting and isolating them from the 
backdrop.  
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Fig. 12. Analyzing image 

Fig. 13. Measuring final image's quality 

The 'Remove Rain' option appears in Fig. 13, instructing the 
algorithm to remove the previously isolated rain or snow from 
the picture. The result of this action, along with other useful 
metrics, is shown on the right side of the interface. These 
measures assess the removal process's efficiency by reporting 
the proportion of precipitation wiped off. They also calculate 
the peak signal-to-noise ratio (PSNR) to measure the final 
image's quality. These indicators are critical in determining the 
algorithm's success. 

Fig. 14 depicts the removal procedure's result, 
demonstrating our technique's incredible efficiency and 
applicability by using two PSNR. The resulting picture 
demonstrates the effective removal of rain or snow artifacts, 
offering a clean and unobstructed perspective. However, an 
important caution must be mentioned: the efficiency of this 
procedure may vary depending on the picture. Several elements 
come into play, including the original picture's complexity and 
the precipitation's severity. 

The given findings demonstrate the potential of our 
technique, suggesting that it may greatly improve picture 
quality in a wide range of conditions. It is critical to recognize 
the varied nature of real photographs, where some detailed or 
severe settings may question the method's efficiency. As a 
result, caution is required, and users should evaluate  
their photos' unique context and qualities before using this 
approach. 

Fig. 14. Result Remove Image 

Fig. 15 delves further into the assessment measures. The 
PSNR of the final picture is addressed, offering insight into the 
clarity and quality of the image after precipitation removal. A 
higher PSNR value indicates less noise and greater picture 
quality, showing our algorithm's ability to remove precipitation 
while maintaining image quality properly. 

Fig. 15. Result PSNR 

Fig. 16 provides an introduction to MATLAB 
programming. It shows the scanning values of the original and 
processed images, enabling viewers to see the algorithm's 
change. It is a vital source of feedback, allowing users to 
compare and assess the algorithm's modifications. 

The findings of this study have been encouraging. The 
suggested approach demonstrated a simple but effective means 
of removing rain or snow from photos using MATLAB. This 
method has enormous potential, opening the path for its use in 
various sectors such as photography, digital arts, remote 
sensing, and surveillance. It is a step towards a future where the 
vagaries of the weather do not limit image-based 
communication and comprehension. 
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Fig. 16. Result is in the software part 

VI. DISCUSSION

The article carried out indicated substantial advances in the 
area of digital image processing, notably in the removal of rain 
and snow from photographs. Our findings are consistent with 
previous studies in the sector, but they also reveal significant 
advancements. 

A novel smoothing approach was used in this study, and the 
results are fairly encouraging, especially for photos with heavy 
rain, as seen in Fig. 7. In contrast to prior works such as Xu et 
al. [1], who also employed an image smoothing approach for 
rain removal, our suggested method retains picture clarity and 
prevents ghost effects. However, their technique resulted in 
some picture quality reduction and occasional ghost effects. 

Our technique is consistent with Zhou et al.'s [2] 
investigation, which used rain detection and removal in 
consecutive photos. Their emphasis, however, was mostly on 
video visuals and less on static photos. Our technique is more 
adaptable and capable of properly dealing with video and static 
pictures. Tripathi and Mukhopadhyay [3] also worked on a 
meteorological strategy for detecting and removing rain from 
recordings, which yielded promising results. However, unlike 
our robust model, their model needed to be validated on static 
pictures. 

An important component of our article was the effective 
preservation of picture edges during rain removal, contributing 
to enhanced visual quality. This achievement is similar to that 
of Chen and Chau [5], who suggested a rain pixel recovery 
technique with dynamic scene preservation. Although their 
solution could likewise retain dynamic sceneries, it was less 
concerned with edge preservation. 

Jing et al.'s paper [4], which employed a guided filter to 
remove rain and snow, motivated our application of the PSNR 
measure for picture quality evaluation. They used PSNR to 
assess the resulting picture's quality, as we did. On the other 
hand, our technique distinguishes apart since it includes more 
metrics and a more user-friendly interface. 

Furthermore, our invention offers an efficient image 
processing tool, particularly beneficial in photography, digital 
arts, remote sensing, and surveillance industries[2]. Our 
technology extends and improves on the work of other authors, 
such as Duan-Yu Chen et al. [10] and De-An Huang et al. [15], 
who previously created techniques for rain removal. However, 

our solution is simpler, making it suitable for inexperienced 
users. 

Moreover, our technique is quick, requiring around three 
seconds to process a 280*340 picture. This finding is consistent 
with Fu et al. [12], who described a single-frame-based rain 
removal strategy demonstrating significant speed. Our 
technique, on the other hand, works as well with more complex 
photos and under greater precipitation situation [18]. 

While our method has had great success, it is equally critical 
to recognize its limits. The algorithm's performance varies 
depending on the picture's complexity and the precipitation's 
intensity. The technique's effectiveness is necessarily impacted 
by the pictures' unique context and attributes, which is a typical 
challenge in image processing [24]. 

Finally, our study has substantially contributed to digital 
image processing, namely removing rain and snow from 
photographs [2]. It builds on and refines earlier authors' work, 
resulting in a simple, quick, and efficient approach that keeps 
picture quality even under difficult situations. Future findings 
might improve the algorithm's adaptation to diverse picture 
settings and investigate its application to a wider range of 
meteorological occurrences. 

VII. CONCLUSIONS

This article has focused on removing rain from static 
photographs using the L0 gradient minimization approach. The 
results have been impressive, demonstrating that this method is 
successful and applicable to a wide variety of photographs 
depicting severe rain conditions. Indeed, one of the method's 
important characteristics is its ability to work independently of 
local variables such as spatial and chromatic aspects. When 
dealing with pictures in various situations and locations, it is a 
considerable benefit. 

The system makes global considerations throughout the rain 
removal, emphasizing the preservation and sharpening of 
prominent locations. As a result, it avoids the common 
drawbacks of local filtering and averaging procedures, such as 
edge blurring and the loss of fine features. As a result, the 
approach preserves the picture's integrity to a large degree, 
which is an important component in digital image processing, 
particularly when the goal is to improve the image's clarity and 
readability. 

Another feature worth mentioning is the increase of contrast 
in smoothed photos. This feature improves the overall visual 
quality of the photos, resulting in more interesting and clear 
visuals. Given the difficulty of dealing with meteorological 
factors such as rain in digital pictures, this quality increase is 
noteworthy and may be useful in various circumstances. 

This study's comprehensive simulations used various still 
photos recorded under settings ranging from light to heavy rain. 
The findings consistently demonstrated the suggested method's 
effectiveness, indicating its resilience in dealing with various 
weather conditions and picture attributes. 

Furthermore, the algorithm's efficiency was shown, as it 
could process photos of standard size in seconds on a 
conventional computer platform. This is encouraging from an 
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application standpoint, implying that the approach may be used 
in actual contexts without excessive processing resources. 

It is worth noting that the project uses the MATLAB 
programming language, offering users a user-friendly interface 
and environment. Thus, the technology is extremely successful 
and readily accessible to users, enhancing its potential value in 
disciplines such as photography, digital arts, remote sensing, 
and surveillance. 

This article proposes a possible path for image-based 
communication, overcoming the limitations of meteorological 
situations like rain. The suggested L0 gradient reduction 
approach for rain removal is efficient and adaptable, 
considerably improving picture quality without losing its 
original qualities. Future studies may build on this approach, 
investigating its applicability under many additional climatic 
situations and striving to enhance the picture processing 
timeline. 
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