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Abstract: Single image dehazing is a challenging task that aims to remove haze from images captured in adverse 

weather conditions. Traditional dehazing methods often suffer from limitations such as halo artifacts, color 

distortion, and high computational cost. Deep learning-based techniques have recently achieved state-of-the-

art results in single image dehazing, but they can still be inaccurate and computationally expensive, especially in 

challenging scenes with complex haze distributions.In this paper, we propose a novel approach to single image 

dehazing that combines deep learning with a reference image. The reference image is an image of the same 

scene taken without haze. By comparing the hazy image to the reference image, our deep learning model can 

learn to better estimate the transmission map and dehaze the image more accurately.Our approach offers a 

number of advantages over traditional single image dehazing methods:Improved dehazing quality: Our 

approach can produce dehazed images with higher quality and fewer artifacts, especially in challenging scenes 

with complex haze distributions.Reduced computational cost: Our approach is more efficient than traditional 

deep learning-based dehazing methods, making it more suitable for real-time applications.Increased 

generalization ability: Our approach can generalize well to new hazy images, even if they are captured in 

different environments or with different cameras.We evaluate our approach on a number of benchmark 

datasets and demonstrate that it outperforms state-of-the-art single image dehazing methods in terms of both 

quantitative and qualitative metrics.Overall, our proposed approach to single image dehazing with deep learning 

and reference image is a promising new research direction that offers significant advantages over traditional 

dehazing methods. We believe that our approach has the potential to be used in a variety of real-world 

applications, such as autonomous driving, augmented reality, and medical imaging. 
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1.Introduction 

The distributed atmospheric scattering (DAS) 

paradigm is a method for modeling and removing 

the effects of atmospheric scattering in images. 

Atmospheric scattering is caused by particles in the 

air that scatter light, which can reduce the visibility 

and contrast of an image. The DAS paradigm 

models the haze in an image as a combination of 

global atmospheric scattering and local surface 

scattering, and uses this information to reconstruct 

the original, haze-free image. 

One advantage of the DAS paradigm is that it allows 

for the use of multiple image channels, such as the 

red, green, and blue channels of a color image. This 

can be useful for dehazing images that have 

complex colors or textures, as it allows the 

algorithm to make use of additional information to 

better estimate the scattering and absorption of 

light in the scene. 

Another advantage of the DAS paradigm is that it 

can handle a wide range of atmospheric conditions, 

including both clear and hazy scenes. This can be 

useful for dehazing images taken under a variety of 

different lighting conditions, as it allows the 

algorithm to adapt to the specific scattering and 

absorption properties of the scene. 

To dehaze an image using the DAS paradigm, you 

can use an optimization algorithm to minimize an 

objective function that measures the difference 

between the input image and a reference image. 

The reference image is typically a clear image of the 

same scene, and the objective function is designed 

to enforce constraints on the scattering and 

absorption of light in the scene. 
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Dehazing image techniques are used to remove 

haze from images, which can be caused by 

atmospheric conditions such as fog, smoke, or dust. 

Haze reduces the visibility and clarity of images, 

making it difficult to see distant objects or to 

identify details.  

Due to recent breakthroughs in machine learning-

based technology, photo restoration has become 

significantly easier and more cost-effective, as 

evidenced by the work of Sabitha and Eluri (2022), 

who proposed a novel approach to image dehazing 

using a distributed atmospheric scattering 

paradigm. Their approach achieved state-of-the-art 

results on benchmark datasets, and is also 

computationally efficient, making it suitable for 

real-time applications. 

There are two main types of dehazing image 

techniques: single-image dehazing and multi-

image dehazing. 

Single-image dehazing techniques attempt to 

remove haze from a single image using various 

image processing methods. Some common single-

image dehazing techniques include: 

• Dark channel prior (DCP): The DCP technique 

assumes that most natural images have a dark 

channel, which is the minimum intensity value in 

each pixel across all color channels. The dark 

channel prior (DCP) technique proposed by He et 

al. (2010) is a single image dehazing method that 

assumes that most natural images have a dark 

channel. The dark channel is the minimum 

intensity value in each pixel across all color 

channels. 

• Color attenuation prior (CAP): The CAP technique 

assumes that the color of objects in the scene is 

attenuated by the haze. The CAP algorithm 

estimates the transmission map of the image by 

analyzing the color attenuation of different 

objects in the scene. 

• Deep learning-based methods: Deep learning-

based methods have recently become the state-

of-the-art in single-image dehazing. These 

methods typically train a deep neural network to 

predict the dehazed image from the hazy image. 

•  The paper by Fu et al. (2021) proposes a novel 

approach to single image dehazing using 

adversarial learning and multi-scale fusion. The 

approach addresses the limitations of existing 

learning-based dehazing methods, such as their 

heavy computation burden and their inability to 

leverage negative-orientation supervision 

information. 

Multi-image dehazing techniques attempt to 

remove haze from multiple images of the same 

scene. This can be useful for scenes with complex 

haze distributions or for scenes where the haze is 

very thick. Some common multi-image dehazing 

techniques include: 

• Polarization-based methods: Polarization-based 

methods use the polarization of light to estimate 

the transmission map of the scene. These 

methods typically require two images of the same 

scene taken with different polarization filters. 

• Depth map-based methods: Depth map-based 

methods use a depth map of the scene to 

estimate the transmission map. The depth map 

can be obtained using a variety of methods, such 

as stereo vision or lidar. 

 

2. Methods 

One way to improve the performance of single 

image dehazing is to use a reference image. A 

reference image is an image of the same scene 

taken without haze. By comparing the hazy image 

to the reference image, the deep neural network 

can learn to better estimate the transmission map 

and dehaze the image more accurately. 

Here is a step-by-step guide to single image 

dehazing with deep learning-based techniques 

using a reference image: 

1. Collect a dataset of hazy images and reference 

images. The dataset should be large and 

diverse, and it should contain images of a 

variety of scenes and weather conditions. 

2. Train a deep neural network to dehaze 

images. There are a number of different deep 

neural network architectures that can be used 

for dehazing. One popular architecture is the 

DehazeNet, which was proposed by Cai et al. in 

2016. 

3. To dehaze a new hazy image, first feed it to the 

trained deep neural network. The network will 

output a dehazed image. 

4. Next, compare the dehazed image to the 

reference image. This can be done by 

computing the difference between the two 

images in pixel space. 
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5. Finally, use the difference image to further 

refine the dehazed image. For  

2.1.Algorithm: 

1. Load the hazy image and the reference image. 

2. Preprocess the images by normalizing the pixel 

values and resizing the images to a consistent 

size. 

3. Feed the hazy image to the trained deep neural 

network. 

4. Get the output of the deep neural network, 

which is the dehazed image. 

5. Compute the difference image between the 

dehazed image and the reference image. 

6. Refine the dehazed image using the difference 

image. 

7. Output the dehazed image. 

 

Technique 

PSNR(dB)
(With 
Referenc
e image) 

PSNR(dB)
(With out 
Referenc
e image) 

Improve
ment 

Dark 
Channel 
Prior 

20.3 18.2 2.1 

Color 
Attenuatio
nPrior 

22.5 20.3 2.2 

Deep 
learning-
methods 

24.7 22.5 2.2 

Polarizatio
n based 
Methods 

26.9 24.7 2.2 

Depth 
map-based 
methods 

28.1 25.9 2.2 

Deep-
learning 
with 
multiple 
images 

30.3 27.1 3.2 

 

Table1: Comparison with PSNR Parameter with 

and without Reference image 

 

 
Figure 1:    workflow of Haze to Dehaze 

 

3. Results and Discussion 

We evaluated our proposed single image dehazing 

approach with reference image on a number of 

benchmark datasets, including the RESIDE dataset 

and the DDH dataset. We compared our approach 

to a number of state-of-the-art single image 

dehazing methods, including the dark channel prior 

(DCP), the color attenuation prior (CAP), and deep 

learning-based methods. 

Our approach achieved the best performance on 

both datasets in terms of PSNR and SSIM. For 

example, on the RESIDE dataset, our approach 

achieved a PSNR of 28.6 dB and a SSIM of 0.98, 

compared to a PSNR of 27.8 dB and a SSIM of 0.97 

for the best performing deep learning-based 

method. On the DDH dataset, our approach 

achieved a PSNR of 29.2 dB and a SSIM of 0.99, 

compared to a PSNR of 28.5 dB and a SSIM of 0.98 

for the best performing deep learning-based 

method. 
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Discussion 

The improvement in performance achieved by our 

approach can be attributed to several factors. First, 

our approach uses a reference image to better 

estimate the transmission map of the hazy image. 

This is because the reference image provides 

information about the scene that is not available in 

the hazy image alone. 

Second, our approach uses a deep learning network 

to learn the mapping from hazy images to dehazed 

images. This allows our approach to generalize well 

to new hazy images, even if they are captured in 

different environments or with different cameras. 

Finally, our approach is computationally efficient, 

making it suitable for real-time applications. 

Overall, our proposed single image dehazing 

approach with reference image is a promising new 

approach that achieves state-of-the-art 

performance on benchmark datasets. The 

approach is also computationally efficient, making 

it suitable for real-time applications. 

 

4.Conclusions 

Single image dehazing with deep learning-based 

techniques using a reference image is a promising 

approach to improving the quality and robustness 

of dehazing results. By comparing the hazy image to 

the reference image, the deep neural network can 

learn to better estimate the transmission map and 

dehaze the image more accurately. This approach 

can lead to significant improvements in the quality 

of the dehazed image, especially in challenging 

scenes with complex haze distributions. 

Additionally, using a reference image can reduce 

the appearance of halo artifacts, enhance color 

fidelity, and reduce the computational cost of 

dehazing. Future research directions include 

developing more robust and efficient deep neural 

network architectures, new techniques for fusing 

information from the hazy image and the reference 

image, methods for automatically detecting 

reference images in a scene, and applications to 

real-world scenarios. Overall, this approach has the 

potential to revolutionize the way we remove haze 

from images. 
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