
  
 

 

78 AFTHAB BAIK K.A, BEENA M.V
 

 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 2 Issue 2 

February 2015       

 

COMPARATIVE STUDY OF VARIOUS DEHAZING 

APPROACHES, LOCAL FEATURE DETECTORS AND 

DESCRIPTORS 
 

AFTHAB BAIK K.A1, BEENA M.V2
 

 

1. Department of Computer Science & Engineering, Vidya Academy of Science & 

Technology, Thrissur, Kerala, India, afthab91@gmail.com 

 

2. Department of Computer Science & Engineering, Vidya Academy of Science & 

Technology,Thrissur, Kerala, India, beena.m.v@vidyaacademy.ac.in 

 

ABSTRACT  
Image matching plays an  important role in many remote sensing applications such as change 

detection, cartography using imagery with reduced overlapping, fusion of images taken with 

different sensors. Outdoor and aerial images that are subjected  to the process of  matching, are often 

degraded by the atmospheric phenomenon of haze. Haze is due to particles such as smoke, fog and 

dust. It fades color and reduces contrast of observed scenes. Restoring the visibility of such hazy 

images is a challenging task. This literature gives a description of various dehazing approaches. 

Inorder to perform image matching , the valid corresponding feature points in both images is to be 

found out.This literature also gives a description of various local feature detectors and descriptors 

which are used to detect and describe the local feature points for matching. 
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1. INTRODUCTION 
If two or more images of same scene are given, then the process of image matching requires to 

find valid corresponding feature points in images. These matches represent projections of same scene 

locations in corresponding image. Images for matching are taken at different times, from different 

sensors/cameras and viewpoints. Therefore image matching is a challenging task. Image matching 

plays a crucial role in many remote sensing applications such as change detection, cartography using 

imagery with reduced overlapping, fusion of images taken with different sensors. In early remote 

sensing applications, the task of image matching required human involvement. It manually selected 

feature points of significant landmarks. Nowadays, the task of image matching is done automatically. 

It is due to progress of local feature point detectors and descriptors. Many local feature point 

operators have been introduced. Recent local feature operators are invariant to image transformations 

such as geometric ( scale,rotation,affine) and photometric.  

2. OVERVIEW 
Besides geometric and photometric variations, outdoor and aerial images that are subjected to 

the process of matching, are often degraded by the atmospheric phenomenon of haze. Haze is due to 

particles such as smoke,fog and dust. The clarity of an image is dimmed due to haze. There is 

attenuation of color in a hazy scene. This attenuation depends proportionally by distance to scene 

objects. Original contrast is degraded as a result. Color information is also shifted due to scattering 
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effects. Thus the presence of haze in an image creates a lot of  difficulties when processing by an 

algorithm that is designed for  clear weather conditions. Instead of extending each of algorithm from 

clear to foggy weather, it is more adequate to perform a visibility restoration on each input image. 

Restoring the visibility of such hazy images is a challenging task. The first dehazing approaches 

employ multiple images or additional information such as depth map and specialized hardware. 

Single image dehazing approaches can be divided into two major classes : physically based 

techniques and contrast based techniques. Physically based techniques restore the hazy images based 

on estimated transmission (depth) map. On the other hand, contrast  based techniques aim to enhance 

hazy images without estimating depth information. 

3. DIFFERENT DEHAZING APPROACHES :- 
The first dehazing approaches employ multiple images or additional information such as depth 

map and specialized hardware. 

In [1], a physics –based model that describes the appearances of  images taken  in bad weather 

conditions is presented. Here the author addressed the problem of restoring the contrast of degraded 

images and video. Here atmospheric scattering models such as attenuation, airlight, wavelength 

dependence scattering, weather conditions, camera response etc are taken into account. The author 

presented methods to locate depth discontinuities and to compute structure of the scene from two 

images taken in different weather conditions. Depth segmentation or scene structure is used to 

restore contrast of degraded image. The dehazing technique makes use of multiple images. 

In [2], author presented a novel system called ‘Deep Photo’. It is used for browsing, enhancing 

and manipulating casual outdoor photographs. The first trend of ‘Deep Photo’ is that of geo- tagged 

photos. It enables users to manually add location information to photos. The second trend is the 

widespread availability of digital terrain models and urban models. The combination of geo-tagging 

and the availability of accurate 3D models allows many photographs to be geo- registered. Once 

photographs are geo-registered, information such as depth, texture and GIS data becomes 

immediately available to the system. These informations are useful for variety of operations such as 

dehazing, relighting the photograph, novel view synthesis and overlaying with geographic 

information. Here depth map is utilized as an additional information. 

In [3], author focuses on the dehazing methods that use a polarizer. Polarization is considered 

helpful since the airlight is partially polarized. Here the author determines whether a polarizer really 

improves visibility of objects in haze. The conditions and ranges of visibility improvement are also 

considered. The number of polarization-filtered frames are also taken into account. The author 

analyzes the change in signal to noise (SNR) ratio induced by using polarization-filtered frames 

compared to SNR in unpolarized frames. It is shown that polarization rarely helps, if the same 

acquisition time is allocated to each method. Polarization is much more beneficial by using a single 

polarized or unpolarized frame. Here polarizer is utilized as a specialized hardware. 

 

3.1 Single Image Based Dehazing Approaches :- 
Single image based dehazing techniques can be divided into two major classes : 

 Physically based techniques 

 Contrast based techniques 
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3.1.1 Physically Based Techniques 

Physically based techniques restore the hazy images based on estimated transmission (depth) 

map.  

In [4], the author presented a new method for estimating the optical transmission in hazy scenes 

based on a single input image. This estimation is used to eliminate scattered light. Scattered light is 

eliminated to increase scene visibility and to recover contrast of haze free scenes. A refined image 

formation model is formulated. It considers the surface shading and transmission function. The new 

method depends only on the assumption that transmission function and surface shading are locally 

uncorrelated. Airlight-albedo ambiguity is resolved on the basis of this assumption. Based on image 

degradation model, the image is divided into regions of  constant  albedo. The shading component 

varies significantly compared to noise present in image. Here a graphical model is used to propagate 

the solution to pixels in which signal to noise ratio falls below an admissible level. The airlight color 

is also estimated based on uncorrelation principle. 

In [5], the author introduces a novel Bayesian probabilistic model to restore visibility of a single 

hazy image. It resolves the inherent ambiguity problem that arises in the image formation process. 

Scene albedo and depth are jointly estimated by utilizing their latent statistical structures. Here, 

image is modelled with a factorial Markov random field (FMRF). In FMRF, scene albedo and depth 

are treated as two statistically independent latent layers. By using FMRF and probabilistic graphical 

model, structural constraints can be integrated. Structural constraints can be extracted from input 

image as priors on latent layers. The author also shows that depending on the scene, different priors 

can be imposed on the depth layer. It helps to capture the scene structure in a better way. Here the 

author also derives an Expectation Maximization algorithm. The algorithm is derived using 

conventional graph-cut algorithms. The algorithm is used to obtain maximum a posteriori (MAP) 

estimates of albedo and depth values. 

3.1.2 Contrast Based  Techniques 
Contrast based techniques enhance hazy images without estimating depth information. 

In [6], author presented a contrast based visibility restoration method. Here two basic 

observations are taken into account. First is that the enhanced images have more contrast than images 

taken in bad weather. Second is that the airlight whose variation depends mainly on distance of 

objects to viewers tends to be smooth. Relying on these observations, a cost function is developed in 

the framework of Markov random fields (MRF). Markov random fields (MRF) can be efficiently 

optimized using graph-cuts or belief propagation techniques. Here, the method first estimates 

atmospheric light. This estimation helps in obtaining light chromaticity. Then the light color of the 

input image is removed using light chromaticity. The data cost and smoothness cost of every pixel is 

computed. These data costs and smoothness costs are used to build MRFs. Airlight can then be 

estimated. Based on estimated airlight, direct attenuation can be found out. This attenuation 

represents the scene with enhanced visibility. Here, the dehazing technique is based on the constraint 

that image intensity is less than global atmospheric light value. 

In [7], a novel visibility restoration algorithm based on median filter is introduced. The main 

advantage of algorithm is its speed. It is because, its complexity is only a linear function of input 

image size. Here, it is assumed that only small objects can have colors with low saturation. The 
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algorithm is controlled by a few parameters and consists in : atmospheric veil inference, image 

restoration and smoothing, tone mapping. The effect of fog is represented by using koschmieder’s 

law. In visibility restoration algorithm, the intensity of atmospheric veil is introduced and 

koschmieder’s law is rewritten based on observed image intensity and image intensity without fog. 

The image intensity without fog is found out by inversing the law. Smoothing is used to handle noise 

amplification. Restored images are of higher dynamic than original images. Therefore for 

visualization, tone mapping is performed. 

4. LOCAL FEATURE DETECTORS AND DESCRIPTORS 

This section gives an overview of various feature detectors and descriptors.  

In [8], an overview of local invariant feature detectors is presented. According to author, a 

function is invariant under a certain family of transformations, if its value does not change when a 

transformation from this family is applied to its argument.The author also defines the properties of 

ideal local feature detectors such as repeatability, distinctiveness, locality, quantity, accuracy and 

efficiency. The author organizes feature detectors based on the type of image structures they extract. 

Feature detectors are classified as corners, blobs and regions.  

The corner detectors [8] such as Harris corner detector, SUSAN (Smallest Univalue Segment 

Assimilating Nucleus) detector, scale and affine invariant extensions of Harris detector: Harris-

Laplace and Harris-Affine and Edge based regions are considered. The blob detectors [8] such as 

Hessian detector, Hessian Laplace/Affine, Salient Regions, DoG and SURF are taken into account. 

Region detectors [8] such as intensity based regions, MSER( Maximally Stable External Regions) 

and superpixels are considered.  

In [9], author compares the performance of descriptors computed for interest regions which are 

extracted with scale and affine-invariant detection techniques. It is said that the descriptors should be 

distinctive, robust to changes in viewing conditions and errors of the detector. Here descriptors such 

as shape context, steerable filters, PCA-SIFT, differential invariants, spin images, SIFT(Scale 

Invariant Feature Transform), complex filters, moment invariants and cross correlation are 

compared. Also an extension of SIFT descriptor called GLOH (Gradient Location-Orientation 

Histogram) has been proposed. GLOH is designed to increase the robustness and distinctiveness of 

existing SIFT. It is shown that the proposed method, performs in a better way compared to original 

method. 

 

In [10], a fast interest point detector and descriptor called SURF (Speeded Up Robust Features) 

is presented. It is scale and rotation invariant. SURF is considered important in terms of speed. Speed 

gain is achieved due to the use of integral images. It is shown that integral images drastically reduce 

the number of operations for simple box convolutions. SURF is based on the sums of Haar wavelet 

components. It is shown that SURF outperforms the state-of-art methods with respect to 

repeatability, distinctiveness and robustness. It is also shown that, the laplacian-based indexing 

strategy makes the matching step faster without any loss in terms of performance. 

5. CONCLUSION 
This literature presented several dehazing approaches, local feature detectors and descriptors. It 

is clearly found that in [1], the dehazing technique makes use of multiple images. In [2] depth map is 
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utilized as an additional information, which makes the dehazing technique complex, expensive and 

time consuming. In [3], the dehazing technique makes use of polarizer as a specialized hardware . It 

makes the dehazing technique very expensive. In [4], the physically based dehazing technique is 

based on the assumption that image shading and scene transmission are locally uncorrelated. In [5], 

the physically based dehazing technique relies on latent statistical structures. In [6], the author 

describes about contrast based dehazing technique which purely relies on the constraint that image 

intensity is less than global atmospheric light value. Compared to the above dehazing techniques, the 

dehazing technique described in [7] performs in a better way. Speed is its advantage over other 

dehazing techniques. It is because, its complexity is a linear function of input image size. Among the 

local feature detectors and descriptors, it can be seen that scale and rotation invariant detector and 

descriptor coined SURF (Speeded Up Robust Features) performs efficiently. The drawback of SIFT( 

Scale Invariant Feature Transform) is its high dimensionality at matching step. It is slow. SURF 

relies on the idea of integral images to obtain a fast approximation of Hessian matrix. The matching 

step is made faster by utilizing the laplacian based indexing strategy. Therefore in future, the 

dehazing technique described in [7] can be used to dehaze hazy pair of images which further results 

in increasing the feature points for matching that are extracted using SURF. 
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