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Abstract: Static weather conditions like fog, haze, and mist in hilly and urban areas cause reduced road visibility. Due
to different weather conditions, autonomous vehicles cannot identify objects, traffic signs, and signals. So, this leads to
many accidents, endangering living beings’ lives. The significance of this work lies in its aim to develop a model that
can provide clear visibility for autonomous vehicles during bad weather conditions. Image restoration is one of the
important issues in the image processing field as the images may be of low contrast and quality due to restricted
visibility and, the development of a model that reduces the halos and artifacts produced in the image using the Median
Channel based Image Restoration (MCIR) technique has significant research value. In this technique, the image
restoration is done by calculating the atmospheric light and the transmission map using the MCIR technique and
patching the pixels for different patch sizes. The Dark Channel Prior (DCP) method and the MCIR technique are
compared for different patch sizes by evaluating the output images using the PSNR, SSIM, and MSE metrics. The
results show that MCIR technique provides better Peak Signal-to-Noise Ratio (PSNR), Mean Square Error (MSE), and
Structural Similarity Index Measure (SSIM) values than the DCP method with reduced halos and artifacts. This result
highlights the effectiveness of the MCIR technique for image restoration. The software model developed can be applied
to autonomous vehicles and surveillance cameras for the restoration of the images, which can improve their
performance and safety.

Index Terms: Median Channel, Static Patching, Atmospheric Light Estimation, Transmission Map, Autonomous
Vehicles

1. Introduction

Autonomous vehicles are prepared to work well in typical weather conditions, but limited work is done for them to
operate in weather conditions like fog, haze, and mist in hilly and urban areas because of reduced road visibility. They
cannot identify objects, traffic signs, and signals in such weather conditions. So, this leads to many accidents,
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endangering living beings’ lives. This work aims to develop a model that can provide clear visibility for autonomous
vehicles and surveillance cameras during bad weather conditions with reduced halos and artifacts. The existing
autonomous cars use LiDAR [1,2,3,4] and Radar [5] but it suffers from poor image quality because when radio waves
are transmitted and bounced off objects, only a small fraction of the signal gets reflected back to the sensor, and they
also pick up noise which affects the quality of the image. They also produce echo signals, reflections of radio waves
that are not directly from the objects being detected. So, cameras are being used to capture the foggy or hazy
surroundings and de-weather them using the MCIR method by calculating the Atmospheric Light and the Transmission
map which is applied to different patch sizes of the image. This de-weathered data can now be used by the system to
view the surrounding clearly and identify the traffic signs and signals already present in their dataset.

The article also provides a comparison of the different recovered images obtained for different patch sizes such as
3>3, 15x15 and 30>30 using the DCP method [6] and the MCIR technique. The evaluation of the recovered images
obtained is done by using the PSNR, MSE, and SSIM metrics. The article is structured as follows. Section 2 presents
the related works done for de-weathering a foggy image. The next section 3, is devoted to the description of the MCIR
method. Then, section 4 provides the simulation results and the qualitative and quantitative comparison and section 5
discusses the detailed conclusion and the future scope.

2. Related Works

The input foggy or hazy image captured from the surroundings is to be de-weathered using the software model and
the recovered image will be used by the autonomous cars to identify the objects on the road. This section discusses the
related works which is used to de-weather a foggy or hazy image fed as input to the software system. Histogram
Equalization (HE) is a technique used in image processing to enhance the contrast of an image by modifying its
intensity distribution. The objective of histogram equalization is to transform the image so that the histogram is uniform
or equally distributed across all intensity levels. Adaptive Histogram Equalization (AHE) method [7] is appropriate for
raising the local contrast and sharpening the edges by dividing the image into small windows and performing HE on it.
Fog and haze reduce contrast and visibility in images, necessitating image defogging. One method to enhance contrast
is to redistribute pixel intensities based on local histogram analysis. This approach applies adaptive contrast
enhancement to each region of the image, based on its unique features. As a result, the image may appear clearer and
more detailed, revealing previously obscured details. This provides a more balanced and natural-looking image and also
preserves image features reducing the loss of image details. AHE can alter the brightness information over an image and
sometimes over-enhance the bright regions of an image which is overcome by the Contrast enhancement using
brightness preserving bi-histogram equalization [8] which produced images retaining their brightness with better-
improved contrast. Histogram equalization divides the histogram into equal halves for dark and bright pixels. Each half
is processed separately to plot the frequency of pixel intensities in the image. This technique maintains natural
brightness levels while enhancing contrast and visibility, revealing features previously obscured by fog.

The input foggy or hazy image captured from the surroundings is to be de-weathered using the software model and
the recovered image will be used by the autonomous cars to identify the objects on the road. This section discusses the
related works which is used to de-weather a foggy or hazy image fed as input to the software system. Histogram
Equalization (HE) is a technique used in image processing to enhance the contrast of an image by modifying its
intensity distribution. The objective of histogram equalization is to transform the image so that the histogram is uniform
or equally distributed across all intensity levels. Adaptive Histogram Equalization (AHE) method [7] is appropriate for
raising the local contrast and sharpening the edges by dividing the image into small windows and performing HE on it.
Fog and haze reduce contrast and visibility in images, necessitating image defogging. One method to enhance contrast
is to redistribute pixel intensities based on local histogram analysis. This approach applies adaptive contrast
enhancement to each region of the image, based on its unique features. As a result, the image may appear clearer and
more detailed, revealing previously obscured details. This provides a more balanced and natural-looking image and also
preserves image features reducing the loss of image details. AHE can alter the brightness information over an image and
sometimes over-enhance the bright regions of an image which is overcome by the Contrast enhancement using
brightness preserving bi-histogram equalization [8] which produced images retaining their brightness with better-
improved contrast. Histogram equalization divides the histogram into equal halves for dark and bright pixels. Each half
is processed separately to plot the frequency of pixel intensities in the image. This technique maintains natural
brightness levels while enhancing contrast and visibility, revealing features previously obscured by fog.

Then Dynamic Histogram Equalization method [9] is used in images with non-uniform intensity distribution or
multiple intensity peaks. It removes the image histogram's dominance of higher histogram components over lower
histogram components and improves contrast effectively without causing negative side effects or unwanted artifacts. It
also improves the contrast to view the objects hidden by fog. A retinex-based method [10] was suggested that offers
colour constancy, dynamic range compression, and lightness rendition. Image decomposition separates images into
components, such as reflectance and illumination. Local adaptation enhances reflectance by comparing the brightness of
each pixel to its local surroundings. Global adaptation corrects for lighting variations by comparing the image's
brightness to a reference image with known lighting conditions. By combining these techniques, images can be
enhanced and corrected for optimal clarity and visibility.
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It is very suitable for foggy images with low intensity but fails to enhance the image with inhomogeneous fog. The
multi-Scale Retinex method [11] was then introduced which provides clear images in case of high levels of noise and
low contrast, it also has an adaptive scale selection making it more robust to various lighting conditions. The scale-
space method for image enhancement, based on Retinex, divides an image into various scales and processes each scale
separately. By highlighting details previously obscured by fog or haze, this technique improves image clarity. However,
it can also generate halos around edges with high contrast, which should be considered during the image-defogging
process. A technique called wavelet transform [12] was then proposed which separates the image into different
frequency components by passing it through the low-pass and high-pass filters, allowing for a more targeted
manipulation of specific frequency ranges. It provides a sharp and accurate image compared to the retinex method.
Image decomposition into different frequency bands and enhancement of high-frequency components can remove fog
or haze and highlight local details and edges. By improving these features, the image becomes more visually appealing
and easier to interpret. Fattal [13] then proposed a method to estimate the optical transmission in hazy scenes using a
single input image. By estimating the transmission, the scattered light can be removed to enhance scene visibility and
recover haze-free scene contrasts. The method uses a sophisticated image formation model that considers surface
shading in addition to the transmission function to resolve data ambiguity. The resulting shading and transmission
functions are locally statistically uncorrelated, and the method also estimates the colour of the haze. The results show
that the proposed method can remove the haze layer and provide a reliable transmission estimate which provides high
image visibility under inhomogeneous or thin fog but fails in thick fog conditions and when the image has a low signal-
to-noise ratio. Then a good contrast image was produced as an output using [14]. This method is based on two
observations: first, clear-day images have higher contrast than images with bad weather, and second, the variation of air
light in an image mainly depends on the distance of objects to the viewer and tends to be smooth. These observations
have been used by the authors to describe a cost function that can be optimised efficiently through techniques like graph
cuts or belief propagation in Markov random fields. The method offers a solution to the problem of image defogging, in
situations where multiple input images are not available or hard to obtain.

In Single image haze removal using a dark channel prior [6] minimum filtering technique is used which provides a
correct transmission map, but fails in direct light and halos are produced because of the dark channel. The DCP method
works by identifying the pixels in the image with the lowest intensity in each colour channel, which is assumed to be
part of the atmospheric light. By taking the minimum value of these pixels across all colour channels, an estimate of the
haze-free transmission is obtained. When the sunshine is exceptionally strong, the constant-air light assumption might
not be appropriate. It has difficulty in handling scenes with non-uniform haze and producing artifacts in certain
situations. Then an Improved Dark Channel Prior (IDCP) Method [15] was proposed which estimated the atmospheric
light perfectly and produce clear images in place of bright sky regions. The IDCP method uses a patch-based processing
approach to refine the estimated transmission map. This involves dividing the image into small patches and using the
DCP to estimate the transmission for each patch. Then, the transmission values are filtered to remove outliers and
smooth the transmission map. This method may still result in some colour distortion in bright areas such as the sky or
white objects where dark prior is not established. It provides lesser artifacts when compared to the DCP method. The
proposed Median Channel based Image Restoration Method (MCIR) method will reduce the halos and artifacts
produced in the image using the median channel technique and develop a model to provide clear visibility for
autonomous cars and surveillance cameras during bad weather conditions.

A technique called wavelet transform [12] was then proposed which separates the image into different frequency
components by passing it through the low-pass and high-pass filters, allowing for a more targeted manipulation of
specific frequency ranges. It provides a sharp and accurate image compared to the retinex method. Image decomposition
into different frequency bands and enhancement of high-frequency components can remove fog or haze and highlight
local details and edges. By improving these features, the image becomes more visually appealing and easier to interpret.
Fattal [13] then proposed a method to estimate the optical transmission in hazy scenes using a single input image. By
estimating the transmission, the scattered light can be removed to enhance scene visibility and recover haze-free scene
contrasts. The method uses a sophisticated image formation model that considers surface shading in addition to the
transmission function to resolve data ambiguity. The resulting shading and transmission functions are locally
statistically uncorrelated, and the method also estimates the colour of the haze. The results show that the proposed
method can remove the haze layer and provide a reliable transmission estimate which provides high image visibility
under inhomogeneous or thin fog but fails in thick fog conditions and when the image has a low signal-to-noise ratio.
Then a good contrast image was produced as an output using [14]. This method is based on two observations: first,
clear-day images have higher contrast than images with bad weather, and second, the variation of air light in an image
mainly depends on the distance of objects to the viewer and tends to be smooth. These observations have been used by
the authors to describe a cost function that can be optimised efficiently through techniques like graph cuts or belief
propagation in Markov random fields. The method offers a solution to the problem of image defogging, in situations
where multiple input images are not available or hard to obtain.

In Single image haze removal using a dark channel prior [6] minimum filtering technique is used which provides a
correct transmission map, but fails in direct light and halos are produced because of the dark channel. The DCP method
works by identifying the pixels in the image with the lowest intensity in each colour channel, which is assumed to be
part of the atmospheric light. By taking the minimum value of these pixels across all colour channels, an estimate of the
haze-free transmission is obtained. When the sunshine is exceptionally strong, the constant-air light assumption might
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not be appropriate. It has difficulty in handling scenes with non-uniform haze and producing artifacts in certain
situations. Then an Improved Dark Channel Prior (IDCP) Method [15] was proposed which estimated the atmospheric
light perfectly and produce clear images in place of bright sky regions. The IDCP method uses a patch-based processing
approach to refine the estimated transmission map. This involves dividing the image into small patches and using the
DCP to estimate the transmission for each patch. Then, the transmission values are filtered to remove outliers and
smooth the transmission map. This method may still result in some colour distortion in bright areas such as the sky or
white objects where dark prior is not established. It provides lesser artifacts when compared to the DCP method. The
proposed Median Channel based Image Restoration Method (MCIR) method will reduce the halos and artifacts
produced in the image using the median channel technique and develop a model to provide clear visibility for
autonomous cars and surveillance cameras during bad weather conditions.

3. Proposed Work

The proposed MCIR method obtains a foggy image as input and first estimates the intensity of light present in the
surrounding by choosing the top 0.1% brightest pixels and then estimates the depth i.e., the amount of light that is
incident directly on the camera's surface without being scattered which is described as the transmission map. Both this
estimation is done using the median channel technique and the static patching method. Then the obtained atmospheric
light from the environment and the estimated transmission map is used to calculate the scene radiance, which in turn
provides the output defogged image.

3.1. Visibility Restoration Model

The image de-weathering is done using the restoration model of Narasimhan and Nayar [16] and is shown in (1)

1(x,y) =], 0t y) + Alx,y) (1 - t(x,9)) (6]

where I(x, y) is the input foggy image, J (X, y) is the defogged image, t(X, y) is the transmission map, and A(X, y) is the
atmospheric light. Using the (1), the defogged image can be obtained. The aim of the visibility restoration model is to
estimate the clear image J(x, y) from the hazy image I(x, y) by estimating the transmission map t(X, y) and the
atmospheric light A(x, y). The MCIR technique works with the help of the median channel technique and static patching.
This step is involved in both the atmospheric and transmission map estimation. The flowchart of the proposed system is
shown in Fig. 1.

| [nput Image |—

h 4
| Median of RGB Tmage |

| Static Patching of Iinage

1ix)

| Atmospheric Light Estimation |

1ix)

A | Transmission Map |

Jix)
L 4

—Pl Seene Radiance |4—

Y

| Output Image |

Fig. 1. Flowchart of the MCIR technique

3.2. Atmospheric Light Estimation using Median Channel Technique with Static Patch

The atmospheric light scattering model estimates atmospheric light and recovers fog-free scenes. Atmospheric light
estimation is a crucial step in many image-defogging algorithms. It involves determining the amount of light that has
been scattered and absorbed by the atmosphere before it reaches the camera lens. This information is used to correct the
intensity of pixels in the foggy image and restore its original brightness. In the image, pixel intensity is used to
determine atmospheric light using a static patch.
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3.2.1 Median Channel Technique

The median value, or an average of the list's centre values, is known as a median. The median filter is effective at
reducing noise in an image while preserving edges and other important image features. It uses statistics-based nonlinear
signal processing. The original value will be replaced by the median value of this group, which is stored. They could
characterize it using [17] as stated in (2)

J(x,v) =med(1(x—i,y)) iew @

where W is a mask and J(x, y) and I(x, y) are de-noised and noisy pictures, respectively. The equation computes the
median value of each colour channel separately in a local neighborhood around each pixel x, and then computes the
median of the resulting median values in the patch to obtain the final output pixel value. A median value is used rather
than the smallest number of pixels because an image's content will typically be hidden in the middle of the image as
stated in (3)

XEW (x)

[median () = median, ey ;) (median ([C(x))) ?3)

The halo effect shown in Fig. 2 is brought on by the white region's edge darkening, which results in undesirable
pixel intensity and an incorrect pixel value. The halos can be eliminated when the pixel median is used.

Min| | —t—p

Local
Minima

Fig. 2. Halo Effect

3.2.2 Patch Size

Patching in an image refers to the process of filling in or repairing a specific area of an image to remove
inconsistencies, reduce noise or remove blemishes. The patching chosen here is static i.e., the size of the patch can be
chosen by the user. Depending on the patch size chosen, the quality of the image changes, and also the evaluation
metrics of an image such as PSNR, MSE, and SSIM also change. The W parameter chosen above is the patch size value
or mask value. The recovered image varies depending on the patch size chosen and the patch size can be chosen
depending on the user application. The detailed analysis is discussed in Section 4.

3.2.3 Atmospheric Light Estimation

The challenge of determining the unknown parameter "A" in de-haze techniques is difficult. In most current
techniques, the most haze-opaque pixel is used to assess atmospheric light, as shown in Fig. 3. One such technique is
the median channel technigue, which is based on the observation that the atmospheric light in an image is dominated by
the brightest pixels. To determine atmospheric light, the technique selects the top 0.1% of the median channel's
brightest intensity pixels in the blurry image, calculates their indices, and compares them to other brighter values in the
three channels. Finally, the highest intensity value in the input frame is used to obtain atmospheric light for the RGB
channels. Determining atmospheric light accurately is important for the effective de-hazing of images.

Environmental
Illumination

see
&
~ . . .
;|< Direct Transmission

Camera

Atmosphere distance d

Fig. 3. Scattering of light by Atmospheric Particles
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3.3. Transmission Map Estimation

An inaccurate transmission map is produced when the dark channel [17] is used. Consequently, a transmission map
should be separated from the dark channel to avoid refinement of the transmission map. The goal of this approach is to
estimate the clear image by removing the effects of atmospheric haze or fog in the image. The transmission map t(x, y)
is typically a function of two variables and is stated as in (4). The way to derive it is as follows.

t(x,y) = e~ 4isC) 4

where dis(X, y) represents the depth of the scene and « the scattering coefficient [18]. The MCIR for an image J is given
as shown in (5)

]median(x'y) = medce(r,g.p) <r§]1§(11 (]C(x, y))> (5)

The equation is then standardized using the Atmospheric light, A and is applied to all three colour channels
separately as in (6)

O o @2+ 1 - 1) (6)

The atmospheric scattering model provides a physical basis for this optimization problem by modelling the
observed hazy image as a combination of the clear image and the atmospheric scattering due to the haze. Then, the
median channel is applied on both sides of (6) to get (7).

1°Go\ | _ 760 _
mede caeo | med, (52)] = e, med | med (52)]| +1 -t g

In this equation, there are two unknowns and a single equation to solve. The equation (8) represents the median of
the median colour channel intensities of the image J at all pixel locations y in a local window centered at pixel location
x. Here, J°(y) represents the intensity value of colour channel ¢ (c=r, g, or b) at pixel location y in the image J(y), and
med denotes the median operation. So, an assumption is made as shown in (8) in order to eliminate one variable and
find the transmission map alone.

median — i i c —
e ) = medap [medi 0°0) | =0 ®

From the above assumption, the transmission map can be estimated using (9)

t(x,y) =1—wmed [median ( Ic(y))] 9)

yeax) \ A€

The acquired image is very far away from the observer when dis(x, y) goes to infinity, and there is no transmission
map because it tends to zero at the same time. Image de-hazing depends on the transmission map in this ambiguous
scenario, another observation is that if t(x,y) goes to infinity, no image exists. Consequently, it is necessary to estimate
an accurate transmission map

3.4. Scene Radiance

The scene radiance J (X,y) can be calculated as in (10) once the transmission t(x,y) and air-light (A) are known

Jo,y) = [FEDECN] | pey, y) (10)

max(T(x,y).to)

where the control parameter is to. The image appears under exposed after the haze has been removed because the scene
radiance is typically not as brilliant as ambient light. So, by changing to, we enhance J(x, y) exposure for display. So, in
summary, the proposed method estimates the atmospheric light and transmission map using median channel technique
and static patching. Then the scene radiance is calculated with the help of the input image, atmospheric light and the
transmission map.
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3.5. Input Images

Various input foggy images of different dimensions as shown in Fig.4 are chosen to perform the MCIR method on
it and obtain the defogged image. The input image as shown in Fig.4 (a) [19] is of the dimensions 436 <639 and has the
three colour channels R, G and B. The input image as shown in Fig.4 (b) [20] is of the dimensions 680 > 1200. The
dimensions of Fig.4(c) [21] are 576 % 800. The input image as shown in Fig.4 (d) [22] is of the dimensions 298 < 561.
The dimensions of Fig.4 (e) [23] are 321 <593,

(d) O]

Fig. 4. Input Images (a) 436 %639 dimension [19] (b) 680 %1200 dimension [20] (c) 576 %800 dimension [21] (d) 298 %561 dimension [22] (e) 321
%593 dimensions [23]

3.6 Recovered Images

Recovered images of the input foggy images shown in Table 1 obtained using the Proposed MCIR method and the
existing DCP method [6] for varying patch sizes.

3.7. Qualitative Analysis

Image artifacts are unintended and undesirable distortions or changes that occur during image processing,
compression, or transmission. Blurring, ringing, blockiness, noise, and halos are all examples of artifacts. They can
have a significant impact on the image's perceived quality and interpretability. Halos are image artifacts that appear as
bright or dark rings around the boundaries of objects. Sharpening or enhancement filters that increase the contrast
between adjacent pixels are commonly the reason for the appearance of halos.

Qualitatively, the output images obtained using the DCP method [6] undergo the halos effect which is strengthen if
the patch size is too large and the halos and artifacts are removed if it is a small patch size. Artifacts such as blockiness
are produced in the sky region when using the DCP method [6]. But the artifacts produced near the sky regions reduce
with the increase in patch size because the probability that a patch contains a dark pixel increases with patch size. The
output images obtained using the MCIR method are not affected by halos as the median filter is less sensitive to outliers
and tends to preserve the edges in the image nu not smoothing them excessively. The median filter is an effective
method for preserving the edges as well as removing noise which makes it produce more visually appealing images than
the ones obtained using the DCP method.

4. Results and Discussion

4.1 PSNR

Peak signal-to-noise ratio (PSNR) is a term that denotes the relationship between a signal's greatest achievable
strength and the power of corrupting noise that degrades the accuracy of its representation and is calculated using (11).
This ratio is frequently used to assess the quality between the source and final images. The quality of the produced
image will be better when a higher PSNR value is achieved.
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2

PSNR = 10log,, (ﬁ) = 201log;, (ﬁ) (11)
where L is the maximum pixel value, MSE is the Mean Square Error Value and RMSE is the Root Mean Square Value.
The graph analysis for various input foggy images of different dimensions is shown in Fig.5. From Fig.5 it is observed
that the MCIR method has higher PSNR values across various patch sizes when compared to the DCP method. It can be
noticed that when the patch size is reduced, a higher PSNR value is produced as fewer pixels are replaced by the
median value and the noise value is also less in that patch. The values are almost consistent among different patch sizes
but slightly decrease for larger patch sizes as the MCIR method smoothes out the details and increases noise by
replacing the pixel values in a patch with the median value. This smoothing effect is more pronounced with larger patch
sizes, resulting in a lower PSNR value.

Table 1. Recovered images with 3% 3 patch size using DCP method and MCIR method

Dimension Using DCP method [6] Using MCIR Method

Colld 8

436 % 639

680 x 1200

576 x 800

298 x 561

321 x 593
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For the DCP method [3], the PSNR values are exponentially increasing as the pixel values in a patch are replaced
with minimum values by getting rid of the noise-affected values i.e., the high-intensity pixels. In small patch sizes,
fewer pixels are replaced by minimum values but in large patch sizes, more pixels are replaced by minimum values
which leads to small PSNR and larger PSNR values respectively. As a result, the image is smoother and has less noise,
which can lead to a higher PSNR value but a lot of image details are lost which is why the PSNR values obtained for
the DCP method are less than those obtained using the MCIR method. The proposed MCIR method provides, a 31.70%
of improvement in PSNR for the patch size of 3 <3 and it is reduced to 14.30 % for the patch size of 30 %30 for Fig. 5.

15.0

145 14.44843 1447349 144785 14.47763 1447439
14.49596 l44g79s 1449125 1449212 14.48885
14.0 4
13.5 4 —=— DCP METHOD
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e

0

Fig. 5. PSNR value for the input image 436 %639 dimensions with different patches using DCP method and MCIR method

4.2. MSE

The MSE value is the average difference between pixels over the whole picture. A bigger disparity between the
original picture and the processed image is indicated by a higher MSE score. MSE is calculated by using (12)

MSE = — 35 yn3[0 G, ) = D] (12)

where m is the number of rows, n is the number of columns, O(i, j) is the original input foggy image and D(i,j) is the
defogged image. The graph analysis of the different input foggy images is shown in Fig.6.

0.020
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0.0184 001

0.016

=
» 0.014 4 0.0142
-
- 0.01372
0.01336
(l“lz‘l-’”“l“ n
0.012 4 -
0.010 A
— O —0o—0—0—90—0—06—0—9
0.008 4  0.00829 0.00838 (0083 0.00833 0,0083 0.00832 0.0083 0.00832 0.0083 0.00833
T T T T T T
0 5 10 15 20 25 30 35

PATCH SIZE

Fig. 6. MSE value for the input image 436 %639 dimension with different patches using DCP method and MCIR method

It is observed that the MCIR method has lower MSE values across various patch sizes when compared to the DCP
method. The values are also consistent for different patch sizes but a slight increase is observed because the noise
increases as the patch size increase as a median value replaces the whole patch. In the DCP method, the MSE values are
exponentially decreasing as the noise of the image gets decrease because the minimum value replaces the high-intensity
noise pixels in that patch thereby reducing the noise but leading to severe loss in image details, the values are also
getting decreased from the patch size 3 <3 to 30 x30. In Fig. 6 the proposed method has a 55.22 % rate of decrease in
MSE obtained for the patch size of 3 %<3 and 34.09 % for the patch size of 30 x30. The efficiency percentage is
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obtained in negative which indicates the rate of decrease i.e., how much the error is decreased in the MCIR method
when compared to the DCP method [3].

4.3. SSIM

The Structural Similarity Index (SSIM) is an experiential metric that assesses the loss in image quality caused by
data transmission losses or other processing steps such as data compression. SSIM is calculated using (13)

(Zﬂxﬂv +Cl)(20xy +C2) (13)
(,uxz +,u§ +C1)(O'3+O'§ +Cz>

SSIM (x,y) =

where u, is the mean over a window in Image X, u, is the mean over a window in Image Y, o, is the standard deviation
over a window in Image X, o, is the standard deviation over a window in Image Y, o,, is the co-variance over a window
in the Image X and Image Y respectively and ¢, and ¢, are constants.
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Fig. 7. SSIM value for the input image 436 %639 dimension with different patches using DCP method and MCIR Method

From Fig. 7, it is observed that the MCIR method has higher SSIM values across various patch sizes when
compared to the DCP method. When the patch size is increased, more pixels are replaced with the median value,
resulting in a higher degree of smoothing. This smoothing effect can cause a loss of fine details and edges in the image,
leading to a lower SSIM value, which causes the processed image to be less similar to the input image so, the values
keep decreasing for larger patches, while for smaller patches the original signal information will be retained to a greater
extent, thus producing higher SSIM value. In the DCP method [3], the SSIM values are exponentially increasing as it
reduces noise by replacing high-intensity pixels which are associated with noise with low-intensity pixels, which results
in a higher degree of similarity. But still, the degree of similarity obtained is less than the MCIR method. In Fig. 7 the
proposed method has a 39.80458371 % of improvement in SSIM obtained for the patch size of 3 <3 and it is reduced to
18.59294792 % for the patch size of 30 < 30.

4.4. Duration

The time taken to process the input foggy image and produce the de-weathered image varies for different images
depending on the image dimensions, the patch size chosen for the atmospheric and transmission map estimation, and for
different methods such as the DCP method and the MCIR method. From Fig. 8, it is observed that the MCIR method
takes higher computation time to process the fogged image and produce a defogged image across various patch sizes
when compared to the DCP method [6]. When the MCIR method is applied to larger patches it requires more resources
to compute the median of a patch and produce a defogged image. In the DCP method, the duration is almost consistent
and also less than the MCIR method for different patch sizes as the resource needed by it is less to compute the
minimum of a patch. The duration taken by the MCIR method increases from the patch size 3 <3 to 30 <30.
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Fig. 8. Duration for the input image 436 %639 dimension with different patches using DCP method and MCIR method

4.5. Comparative Analysis

The comparative analysis for the different values of the evaluation metrics such as PSNR, SSIM, and MSE values
obtained using the DCP method and MCIR method is shown in Table 2-6. Quantitatively, the MCIR method produces a
recovered image with higher PSNR and SSIM values, and lower MSE values compared to the DCP method. The higher
PSNR values for the MCIR method are due to the chosen median value for each patch, which replaces the patch values
with its median value. This replacement of patch values reduces the noise-affected values (i.e., high-intensity pixels)
and leads to a smoother image with less noise, resulting in a higher PSNR value. On the other hand, the DCP method
uses the minimum value to replace patch values, effectively reducing noise by replacing high-intensity pixels with low-
intensity pixels. However, the minimum filter can result in a loss of detail by replacing high-intensity pixels with low-
intensity pixels that are not part of the image's actual structure, resulting in a lower PSNR value than the median.
Therefore, the MCIR method produces a higher PSNR value than the DCP method.

Table 2. Comparative Analysis of PSNR, MSE, SSIM and Computation Time using DCP Method [6] and MCIR Method for 436 %639 dimension

Parameters Analysed

Patch Size PSNR MSE SSIM Duration
DCP MCIR DCP MCIR DCP MCIR DCP MCIR
Method | Method | Method | Method | Method | Method | Method | Method

3x3 11.00606 | 14.495961| 0.018513 | 0.0082888| 0.5818074|0.8133935| 3.1698219| 13.837874
15x 15 12.006547| 14.491248| 0.0147040] 0.0082978] 0.6313128| 0.8028170{ 3.1967964| 14.390478
30x30 12.663313| 14.474390| 0.0126404| 0.0083301| 0.6758789| 0.8015447| 3.2086246| 16.619003

Table 3. Comparative Analysis of PSNR, MSE, SSIM and Computation Time using DCP Method [6] and MCIR Method for 680 <1200 dimension

Parameters Analysed
PSNR MSE SSIM Duration
DCP MCIR DCP MCIR DCP MCIR DCP MCIR
Method Method Method Method Method Method Method Method

3x3 |[7.2788126 |13.369886 |0.0149110 [ 0.0036677 |0.4793750 | 0.7832020 | 8.9035379 |39.141135

Patch
Size

15x 15 | 8.3605347 | 13.253842 | 0.0116234 | 0.003767 |0.5134433 | 0.7681733 |9.0985424 | 42.122649

30 x 30 [9.1861043 | 13.074002 | 0.0096112 | 0.0039263 | 0.5832518 | 0.7600227 | 9.1427741 |47.419127

Similarly, the MCIR method produces less MSE when compared to the DCP method as the MCIR method
preserves more of the original signal’s information and also reduces the effect of outlier pixels. If the fog or haze is
removed completely, the image may appear unnatural and the sense of depth may be lost so a ‘w’ parameter as stated in
equation (9) is included which has values between 0 and 1. The ‘w’ parameter which determines how much amount of
fog is to be retained is chosen as 0.85 and not the typical value of 0.95 because of the median channel technique. The
purpose of having selected a comparatively lesser value for the parameter ‘w’ is due to the requirement of acquiring a
higher resultant value which supports an output that is less prone to error and less affected by noise. Hence, on
observation, the value of 0.85 proves to be compatible to satisfy a suitable reconstruction. The lower the MSE value the
better the reconstruction of the image. The MCIR method has higher SSIM values when compared to the DCP method.
The MCIR method preserves more of the original signal’s information and also reduces the effect of outlier pixels. So,
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the output image is less affected by noise and the error produced is also less, the SSIM which is the similarity of
reconstruction is high than the DCP method.

Table 4. Comparative Analysis of PSNR, MSE, SSIM and Computation Time using DCP Method [6] and MCIR Method for 576 %800 dimension

Parameters Analysed
Patch
Size PSNR MSE SSIM Duration

DCP MCIR DCP MCIR DCP MCIR DCP MCIR
Method | Method | Method | Method | Method | Method | Method | Method

3x3 [11.165714|15.094072|0.0102343|0.0041421 | 0.6438701 | 0.8379487 | 6.4601249 | 24.785695

15 x 15| 12.153493 | 14.929861 | 0.0081523 | 0.0043017 | 0.6703001 | 0.8231205 | 6.5078127 | 26.26198

30x30(12.824076|14.817196| 0.00698 |0.0044147]0.7116428 |0.8165239 |6.5009152|29.173346

Table 5. Comparative Analysis of PSNR, MSE, SSIM and Computation Time using DCP Method [6] and MCIR Method for 298 <561 dimension

Parameters Analysed
Patch
Size PSNR MSE SSIM Duration

DCP MCIR DCP MCIR DCP MCIR DCP MCIR
Method | Method | Method | Method | Method | Method | Method | Method

3x3 [6.6810403|9.8714526(0.0835212 | 0.0400641 | 0.4649697 | 0.7615314 | 2.4672029 | 9.6354095

15x15|7.3346166 | 9.8523919 | 0.0718521 | 0.0402403 | 0.5062195 | 0.7438758 | 2.3637568 | 9.6728582

30 x30(7.8573555(9.8306374 | 0.063703 |0.0404424 {0.5573414{0.7393797| 2.368025 | 11.080372

Table 6. Comparative Analysis of PSNR, MSE, SSIM and Computation Time using DCP Method [6] and MCIR Method for 321 <593 dimension

Parameters Analysed
PSa_tCh PSNR MSE SSIM Duration
1ze DCP MCIR DCP | MCIR | DCP | MCIR | DCP | MCIR

Method Method Method | Method | Method | Method | Method| Method
3x3 | 9.8305089| 14.076375 | 0.021229]0.0079862 0.4840809 0.76154774.2962477 16.70940

15x 15| 10.778116| 13.992056 | 0.017067|0.0081428 0.5481858 0.7438897 4.3247272 17.94563

30x30 | 11.446438| 13.856553 |0.01463310.0084009 0.6164708 0.7327267 4.338301|20.657256

5. Conclusion

Autonomous vehicles use a combination of sensors and software to perceive their surroundings and make decisions.
In foggy conditions, the primary challenge is reduced visibility, which can make it difficult for sensors to detect and
classify objects in the environment. Cameras are the most important sensors for autonomous driving to provide visual
information in such conditions. The proposed Median Channel based Image Restoration (MCIR) method is used to
remove weather effects from foggy images captured by the camera, by estimating the atmospheric light and
transmission map using static patching and applying the MCIR technique to the patches. A comparison is made with the
Dark Channel Prior (DCP) method, and the image quality is evaluated using metrics such as PSNR, SSIM, and MSE for
different patch sizes. As the patch size increases, the image quality decreases due to the artifacts and halos that appear
around the object boundaries. The MCIR method is found to be superior to the DCP method in terms of halo effects.
After extensive evaluation, it is found that the MCIR method is most effective for patch size 3x3, producing high PSNR
and SSIM values and low MSE values as a smaller patch size restricts the area over which the computed and thus
minimizing the smearing effect of the filter. Overall, the MCIR method is a suitable and quality-driven image
processing technique for defogging images. The proposed MCIR method does not work well in direct light conditions
because it relies on the assumption that the atmospheric haze is uniform across the entire image. However, in direct
light conditions, the haze may not be uniform and may be concentrated in certain areas of the image. This concentration
of haze can cause the MCIR method to produce incorrect results, leading to the lack of image detail and poor overall
image quality. Additionally, direct light can also cause strong shadows and high levels of brightness, which can affect
the accuracy of the MCIR method. This can result in over-exposure or loss of detail in certain parts of the image,
compromising the overall quality of the reconstructed image. Further, the proposed MCIR method is now applied to
defogging images and has shown good results in restoring images affected by fog and haze. It can be applied to video
sequences, allowing for the removal of fog and haze from the video footage. This represents a promising area of future
work, as it has the potential to improve the visibility of videos captured in hazy conditions.
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