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Abstract

Remote sensing imagery plays a pivotal role in numerous applications,
from environmental monitoring to disaster management. However, the
occurrence of haze which is atmospheric often reduces the quality and
interpretability of these images. Atmospheric Haze reduces visibility of
remote sensed images by reducing contrast and causing coloun
distortions.  Dehazing techniques are employed to improve the
perceptibility and clarity affected images by haze. In this review, we delve
into the realm of dehazing methods specifically tailored for remote
sensing imagery, aiming to shed light on their efficacy and applicability.
We focus on a comprehensive comparison of four prominent dehazing|
techniques: Histogram Equalization (HE), Light Channel Prior (LCP),
Contrast Enhancement Filters (CEF), and Dark Channel Prior (DCP).
These methods, representing a spectrum of approaches, are evaluated
based on key quality metrics of images, including PSNR, MSE and SSIM.
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1. Introduction

Remote sensing image [1] [2] retrieval involves the efficient and accurate search of specific areas in a large-
scale database. Achieving accuracy, efficiency, and robustness is crucial in implementing such retrieval
systems. The quality and clarity of remote sensing images are important, but they often suffer from degradation
due to atmospheric conditions during the acquisition process. Haze is a meteorological phenomenon
characterized by the presence of fine particles, smoke, dust, or moisture droplets in the atmosphere, which
reduces visibility and causes the air to appear hazy or foggy [3] [4] [5]. Haze often results from the suspension
of tiny solid or liquid particles in the air. These particles can include dust, smoke, pollutants, and even tiny
water droplets. Certain weather conditions can promote the formation of haze. Geographical features such as
valleys and basins can trap air and pollutants, leading to localized haze, often referred to as smog. Human
activities, particularly the burning of fossil fuels, industrial processes, and agricultural practices, can release
pollutants into the atmosphere and contribute to haze formation. This is often seen in urban areas with high
levels of pollution [6].
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Figure 1: Example of Atmospheric Haze present in remote sensed data [7]

Reducing contrast and visibility due to hazy or foggy settings might provide a challenge in meeting the
fundamental requirements for remote sensing image retrieval. In addition to impeding the recovery of remote
sensing images, fog, haze, and mist also affect aerial photography. Haze reduction is therefore crucial for
applications involving aerial photography and pictures from remote sensing. On the other hand, if there is just
one fuzzy image provided as input, haze reduction becomes more difficult. Haze in nature and remote sensing
images arises from similar physical principles, such as suspended aerosol particles in the air. Additionally, the
varying distances of imaging sensors lead to different estimations of scene depth in remote sensing images.
Consequently, training for accurate estimation becomes necessary for effective haze removal in the images [8].
To mitigate the negative effects of haze on images, various dehazing techniques and algorithms have been
developed. These techniques aim to estimate the haze. They work by estimating the atmospheric conditions
and using this information to reverse the effects of haze subsequent in richer and more pleasing images.
Dehazing methods are commonly used in applications like remote sensing, computer vision, and photography
to improve the quality and interpretability of images captured in hazy or foggy conditions.

Image dehazing techniques are widely used in various applications, including remote sensing, computer vision,
and photography to improve perception of images taken in challenging weather or environmental conditions
[9]. The technique of picture dehazing is applied to improve the visibility and clarity of photographs impacted
by fog, atmospheric haze, or other airborne particles. Due to light being scattered and absorbed by particles
and moisture in the environment, photos taken outside or in remote locations frequently have diminished
contrast, colour distortion, and detail loss. By reducing or eliminating these ambient effects, dehazing
techniques help to improve the visual appeal and readability of the photos.

This paper focus on a comprehensive comparison of four prominent dehazing techniques: Histogram
Equalization (HE) [10], Light Channel Prior (LCP) [7], Contrast Enhancement Filters (CEF) [11], and Dark
Channel Prior (DCP) [12]. These methods, representing a spectrum of approaches, are evaluated based on key
image quality metrics. Our investigation extends beyond a mere assessment of dehazing performance; we
unravel the intricacies of each method, uncovering their strengths and limitations. From the simplicity of
Histogram Equalization to the robustness of Dark Channel Prior, each technique brings its unique contribution
to the realm of remote sensing image enhancement. Through rigorous experimentation and analysis, this review
aims to equip practitioners and researchers with valuable insights into the selection and utilization of dehazing
methods, ultimately enhancing the clarity and utility of remote sensing imagery in diverse applications.

2. Related works

Different dehazing algorithms have been developed over the years, and they vary in complexity and
performance depending on the specific use case and requirements [13]. These techniques aim to enhance
visibility, restore contrast, and reduce the impact of haze on image interpretation. Here are some common types
of dehazing techniques for remote sensing images This method estimates the haze thickness and removes haze
by analysing the dark channel [14], a low-intensity channel in the image. It enhances image contrast by
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equalizing the histogram of the haze-affected image. Various image filters and enhancement algorithms are
applied to improve local contrast and reduce haze effects. Stereo pairs of images, captured from different
viewpoints, are used to estimate depth and then remove haze effects by combining information from both
images [15]. Images at different wavelengths are fused for creating a haze-free composite image. These
methods use atmospheric models to estimate the haze parameters (e.g., atmospheric light, transmission map)
and remove haze accordingly. They consider the physics to simulate haze-free images. CNNs and other deep
learning architectures are trained [16]. GANSs networks are used to remove haze while being adversarial trained
by a discriminator network [17]. Identify objects or regions in the image and apply dehazing techniques
selectively to enhance specific areas of interest. Utilize semantic segmentation to separate objects from the
background and apply dehazing selectively [18]. Apply wavelet transform to the image and process different
frequency components to remove haze and enhance contrast [19]. This method utilizes non-local similarities
in the image to estimate and remove haze. It often produces good results in textured regions. Combine images
with lidar data to improve the accuracy of dehazing, especially in complex terrain [20]. The choice of dehazing
technique depends on factors such as the specific characteristics of the remote sensing data, computational
resources, and the level of haze present in the images. In practice, a combination of techniques may be used to
achieve the best results in dehazing remote sensing imagery.

3. Dehazing Methods for Remote Imaging

As this work focus on a comprehensive comparison of four prominent dehazing techniques: Histogram
Equalization (HE), Light Channel Prior (LCP), Contrast Enhancement Filters (CEF), and Dark Channel Prior
(DCP). These methods, representing a spectrum of approaches, are evaluated based on key image quality
metrics, The methods are details as:

3.1 Histogram Equalization (HE)

HE is a technique used to improve the visibility and contrast by redistributing the intensity values in the image
histogram. It works by equalizing the histogram, making the pixel intensity values more evenly distributed
across the entire range [21]. This process can be applied to various types of images, including remote sensing
images, to enhance their visual quality and interpretability. HE is typically used as the first step is to compute
the histogram of the input remote sensing image. The histogram represents the frequency of occurrence of each
pixel intensity value in the image. Cumulative Distribution Function (CDF) Calculation: Next, the CDF is
calculated from the histogram. The CDF represents the cumulative sum of histogram values. To equalize the
histogram, the CDF values are mapped to new intensity values such that the resulting histogram becomes
approximately uniform. This mapping is applied to each pixel in the image. The output of histogram
equalization is an enhanced image with improved contrast and better visibility of details and features. HE
effectively enhances image contrast, making it particularly useful for remote sensing images with poor contrast
due to factors like haze or low lighting conditions. It is a straightforward and computationally efficient
technique that is easy to implement [22].

HE operates on the entire image, providing a global enhancement that can be beneficial for various types of
remote sensing data. Histogram Equalization does not consider the spatial relationships between pixels,
potentially leading to over-enhancement of noise in certain regions of the image. In some cases, HE can result
in the loss of fine details and subtle features, especially if the image has a well-balanced contrast to begin with.
It may not be appropriate for all types of remote sensing images, especially those with specific characteristics
or requirements, such as multispectral or hyperspectral data. While HE can be a valuable tool for enhancing
the contrast and visibility of remote sensing images, it should be applied judiciously and in consideration of
the specific characteristics of the imagery and the goals of the analysis. In some cases, alternative contrast
enhancement methods that consider spatial information or spectral characteristics may be more suitable for
remote sensing applications.

3.2 Contrast Enhancement Filters (CEF)

CEF, also known as contrast enhancement techniques or filters, are image processing methods can be utilized
visual quality of images, including remote sensing images. These filters work by enhancing the differences in
intensity between adjacent pixels, which leads to more pronounced features and improved image
interpretability [23]. There are various types of CEF, each with its own characteristics and applications. The
choice of a contrast enhancement filter is dependent on the specific characteristics of image and objectives of
the image analysis. Commonly used filters include histogram-based methods, spatial domain filters, and
frequency domain filters. The selected filter is applied to the remote sensing image. The filter operation varies
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depending on the chosen technique. Histogram-based methods may adjust the pixel intensity values directly,
while spatial and frequency domain filters may convolve the image with a filter kernel or apply mathematical
transformations. The result of applying the contrast enhancement filter is an enhanced image with improved
contrast, sharper features, and better visibility of details, which can aid in image analysis and interpretation.
CEF can make it easier to discern features and details in remote sensing images, which is crucial for accurate
analysis and interpretation.

Different filters can be applied depending on the specific requirements of the remote sensing task, making these
techniques versatile. Many CEF can be applied in real-time or near-real-time, making them suitable for
applications that require quick decision-making [24]. Depending on the filter and the image characteristics, In
some cases, aggressive contrast enhancement can lead to a loss of subtle details and may alter the original
appearance of the image. Choosing the appropriate filter for a specific remote sensing task can be challenging,
as the effectiveness of a filter may vary depending on the image content and noise levels. The choice of a
contrast enhancement filter should consider the specific needs of the remote sensing application and the trade-
offs between enhancing contrast and preserving image fidelity. It is often advisable to apply filters
conservatively to avoid noise amplification and excessive manipulation of the original image. Additionally,
combining contrast enhancement techniques with other image processing and analysis methods can lead to
more robust and accurate results in remote sensing applications.

3.3 Light Channel Priors (LCP)

LCP involve considering the characteristics, statistics, or information gamma channels within an image [25].
LCP can be used to guide various image processing tasks, including enhancement, restoration, segmentation,
and analysis. By analysing or leveraging the properties of different channels, it's possible to improve the
accuracy and quality of image processing results. LCP can guide contrast enhancement or colour balancing to
improve the visual quality of remote sensing images. Gamma channel information is used for feature extraction
and object detection in multispectral or hyperspectral remote sensing data [26]. In remote sensing, channel
priors can be used for atmospheric correction, where different spectral bands provide information about
atmospheric conditions. Leveraging channel-specific information can lead to more accurate and visually
pleasing image processing results. Channel priors can be adapted to specific tasks and image characteristics.
In remote sensing, LCP can aid in extracting valuable information about land cover, vegetation health, and
more. LCP models can add complexity to image processing pipelines, especially when dealing with
multispectral or hyperspectral data. Effective use of channel priors often requires access to high-quality, well-
calibrated sensor data. The application of channel priors may be task-specific and may not be universally
applicable to all image processing challenges. The specific application of channel priors in remote sensing may
vary depending on the task and data at hand. Researchers and practitioners often employ domain-specific
knowledge and techniques to exploit channel priors effectively for improving the quality and accuracy of
remote sensing image analysis.

3.4 Dark Channel Priors (DCP)

The DCP is a widely used and effective dehazing technique for improving the visibility and clarity of hazy or
foggy images [27]. It was originally introduced for natural images and has since been adapted for remote
sensing applications. The DCP is based on a key observation as in most natural images, even in the presence
of haze or fog, there exist small, dark regions where the intensity values of certain color channels are very low.
These dark regions typically correspond to non-haze or clear areas in the scene, such as shadows, dark objects,
or background sky regions. The DCP leverages this observation to estimate and remove haze from images.
DCP is used to estimate the thickness or extent of haze in the image. It identifies the dark channel, which is a
local minimum in the minimum channel (usually the blue channel) of the image. DCP also estimates the
atmospheric light or airlight, which is the light scattered by the haze in the scene. This is typically done by
finding the brightest pixels in the dark channel. Using the estimated dark channel and airlight, a transmission
map is calculated to represent the fraction of light that has been scattered or absorbed by the haze at each pixel.
The transmission map is then used to remove or reduce the haze effects by enhancing the contrast and visibility
in the image. This is achieved by inversely applying the estimated transmission map to the hazy image.

DCP is a relatively simple and computationally efficient dehazing technique, making it suitable for real-time
or near-real-time applications [28] [29]. It often produces visually pleasing results by effectively enhancing
image contrast and removing haze. DCP makes minimal assumptions about the scene and the haze model,
making it versatile and applicable to various types of imagery. DCP may not perform well in scenes where the
dark channel assumption does not hold, such as scenes with uniformly bright backgrounds. In some cases, DCP
can introduce color artifacts or unrealistic color shifts in dehazed images. DCP can be sensitive to noise in the
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input image, which may lead to artifacts in the dehazed output. It may not be the best choice for highly complex
or extreme haze conditions, where more sophisticated methods may be needed. Despite its limitations, the DCP
remains a valuable and widely used dehazing tool, especially in cases where its assumptions align well with
the characteristics of the remote sensing images being processed. Table 1 provides a comparison of the Dark
Channel Prior, Light Channel Prior, Histogram Equalization and Contrast Enhancement Filters haze removal
techniques for Remote Sensing Imaging.

Table 1: Comparison of the Dark Channel Prior, Light Channel Prior, Histogram Equalization and Contrast
Enhancement Filters methods in various aspects

Light . Contrast
Aspects Da_rk e Ct?annel Hlstog_ram Enhancement
Prior . Equalization :
Prior Filters
Effectively Removes Haze Yes Yes No Yes
Computational Complexity High Moderate Low Moderate
Preserves Image Details No No Yes Yes
Outdoor Outdoor
Applicability Scenes Scenes General Specific
Sensitivity to Scene
Variations Yes Yes No Yes
Artefacts Introduced Yes Yes Yes Yes
Additional Image
Enhancement Limited Limited Yes Yes
4. Results

The experiments are performed on the remote sensing images in MATLAB 2019a using windows 10 Intel i5
processor with 8GB ram. The results of the evaluation are presented in table 2, when comparing Histogram
Equalization (HE), Light Channel Prior (LCP), Contrast Enhancement Filters (CEF) and Dark Channel Prior
(DCP) dehazing methods for remote sensing imaging. The results of dehazing of remote sensing image using
DCP method are shown in figure 2.

Figure 2: Original Image (left) image with atmospheric haze (middle) and the result from the DCP method
(right)

The metrics used to evaluate the performance of these methods are PSNR, SSIM, and MSE. In the context of
dehazing methods for remote sensing imaging, the chart data represents the performance of different methods
HE, CEF, LCP, and DCP, in terms of three metrics: PSNR, SSIM, and MSE.

Table 2: Evaluation Results of HE, CEF, LCP, and DCP methods

Metric HE LCP CEF DCP
PSNR 40.98 46.26 43.54 49.15
SSIM 0.9418 0.9713  0.9554 0.9845
MSE 2.68 1.097 1.892 0.457
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The mean squared error (MSE) between the original and reconstructed pictures is calculated. Improved picture
quality is shown by lower MSE values.

MSE =

TXH] MZN (2 () = I Gm, )2

where, 11 and I, represents the ground truth images and processed image respectively, MxN is the size of the
image and m, n signifies the X, y location of the image pixel. PSNR (Peak Signal-to-Noise Ratio) measures
the quality of the reconstructed image compared to the original image. Higher values indicate better image
quality.

PSNR = 10 * logl0(MAX"2 / MSE)

The structural similarity between the original and reconstructed pictures is measured using SSIM. It considers
contrast, structure, and brightness. Higher values indicate more similarity between pictures in the SSIM value
range of -1 to 1.

As shown in the figure 3 the CEF Method shows a percentage improvement of (1.892-2.68)/2.68 * 100 = -
29.37% in MSE compared to HE. - LCP shows a percentage improvement of (1.097-1.892)/1.892 * 100 = -
41.90% in MSE compared to CEF. DCP shows a percentage improvement of (0.457-1.097)/1.097 * 100 = -
58.45% in MSE compared to LCP. For MSE, we observe that the MSE values decrease as we move from the
HE to CEF

I . l
I
HE LCP CEF DCP

Figure 3: Comparison of the HE, LCP, CEF and DCP algorithms in terms of MSE

In PSNR case, we observe that the PSNR values increase as we move from, HE to CEF to LCP to DCP methods.
This suggests that the DCP method provides the highest image quality in terms of PSNR as shown in figure
below. From the figure 4, we can see that the DCP method has the highest PSNR value of 49.15, followed by
LCP with 46.26, and CEF with 43.54. HE has the lowest PSNR value of 40.98. CEF Method shows a percentage
improvement of (43.54-40.98)/40.98 * 100 = 6.25% in PSNR compared to HE. LCP shows a percentage
improvement of (46.26-43.54)/43.54 * 100 = 6.26% in PSNR compared to CEF. Whereas, the DCP shows a
percentage improvement of (49.15-46.26)/46.26 * 100 = 6.25% in PSNR compared to LCP.

Available online at: https://jazindia.com 148




Journal of Advanced Zoology

) I ' l
HE LCP CEF DCP

Figure 4: Comparison of the HE, LCP, CEF and DCP algorithms in terms of PSNR

For SSIM, we can see that the SSIM values also increase as we move from, HE to CEF to LCP to DCP methods.
This suggests that the DCP method provides the highest similarity to the original image. CEF shows a
percentage improvement of (0.9554-0.9418)/0.9418 * 100 = 1.44% in SSIM compared to HE. LCP shows a
percentage improvement of (0.9713-0.9554)/0.9554 * 100 = 1.66% in SSIM compared to CEF. DCP shows a
percentage improvement of (0.9845-0.9713)/0.9713 * 100 = 1.36% in SSIM compared to LCP.

0.9713
B i l
HE LCP CEF DCP

Figure 5: Comparison of the HE, LCP, CEF and DCP algorithms in terms of SSIM

The reasons for these improvements can be attributed to the specific algorithms and techniques utilized in each
method. As, Histogram Equalization (HE) is a simple method that redistributes the pixel intensities of an image
to improve contrast. However, it may not effectively enhance hazy images due to the lack of consideration for
haze-specific features. The Contrast Enhancement Filtering (CEF) applies local contrast enhancement to
remove haze from the image. This technique can result in improved image quality by enhancing the contrast
and suppressing the haze. The Local Contrast Preservation (LCP) is a method that aims to preserve local
contrast information while reducing haze. It achieves this by locally adjusting the image's contrast and
brightness. This approach helps in achieving better visualization of the image details. Dark Channel Prior
(DCP) is a widely used dehazing algorithm that leverages the dark channel information in hazy images. It
estimates the transmission map and removes the haze accordingly. DCP often produces superior results by
effectively estimating and removing haze from the image. The results shows that the Dark Channel Prior (DCP)
method outperforms the other three methods in terms of PSNR, SSIM, and MSE. It demonstrates the highest
image quality, best preservation of structural information, and lowest error in the dehazed images. The
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improvements in DCP can be attributed to its ability to accurately estimate the transmission map and effectively
remove haze from the image.

4.1 Results

In this comprehensive review, we have explored and compared four prominent dehazing methods Histogram
Equalization (HE), Light Channel Prior (LCP), Contrast Enhancement Filters (CEF), and Dark Channel Prior
(DCP) in the context of remote sensing imagery enhancement. Our evaluation, based on crucial image quality
metrics including Mean Square Error (MSE), Peak Signal-to-Noise Ratio (PSNR), and Structural Similarity
Index (SSIM), has provided valuable insights into the effectiveness of these techniques. Notably, our findings
highlight the exceptional performance of the Dark Channel Prior (DCP) algorithm across all evaluated metrics.
DCP consistently achieved superior results in terms of reduced MSE, higher PSNR, and enhanced SSIM when
compared to its counterparts. This underscores the robustness and reliability of DCP as a dehazing method
tailored for remote sensing images. While DCP's prowess in mitigating atmospheric haze is evident, it is
essential to acknowledge the multifaceted nature of remote sensing applications. Future work should continue
to explore the broader implications and intricacies of dehazing methods, considering factors such as
computational efficiency, adaptability to varying atmospheric conditions, and applicability to diverse remote
sensing data sources.
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