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ABSTRACT 
Image may contain shadow, which can lead to serious problem for full exploitation of image. This paper 

proposes A Novel Processing Chain to solve this problem. The main aim of this chain process is not only detect 

shadow region form image but also remove shadow region and reconstruct shadow less image. In this chain 

process, initially we classified shadow vs. nonshadow region by using binary classification with the help of 

support vector machine (SVM). For proper edge detection of shadow and nonshadow region, we apply canny 

edge detection technique followed by image imposing. Finally shadow reconstruction, calculate mean and 

standard deviation for shadow and nonshadow region of image. Find out mean difference between shadow and 

nonshadow part of image and apply this difference to shadow part of image by normalization with help of 

standard deviation. 
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I. INTRODUCTION 

1.1 Introduction 

Very High-resolution (VHR) mean there are many more pixels per square inch than the lower. This 

technique creates a new era in satellite image processing. Due to (VHR) image it is very easy to 

distinguish each and every object of image. We can easily identify full detail of each object from 

(VHR) image. Such as vehicles, road, different shape of buildings, land marks etc. as well as shadow. 

For such kind image we required new change detection, analysis and classification techniques. 

Shadow is creating, when any object lies in the way of light emerging source for e.g. sun. This 

shadow brightness level is varied. They are having different color tone than non shadow part of that 

image. To identifying position, height and other parameter of building, bridges etc., we can use this 

shadow [1], [2]. Frequency of this kind of shadow application is very less. Most of the time shadow is 

defined as undesired information of image. Shadow may cause, destroy the shape of object, merge 

objects, and lose small object or present false color tone. Shadow present in image lead to erroneous 

result for Classification, mapping, interpretation etc. image processing method. To avoid these 

drawbacks, and to increase image exploitability, shadow detection and shadow reconstruction are 

necessary. Tsunami in 2004, importance of getting shadow-free images is massive. Shadow-free 

images in very short time help to take crucial and rapid action in rescue mission [3].   

Shadow detection can used model-based approach. This approach needs information about the 

scenario and the sensor before processing the method, but such knowledge is not available easily. Due 

to this drawback, most of shadow detection algorithm used shadow-property based approach. This 

approach used hue, saturation, brightness properties of shadow [4]. Optimization for hue constant 

RGB sensor [5] and invariant color model, both the techniques are used for shadow detection. These 
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techniques are on the bases of space color transformation and threshold estimator [6]. In novel 

successive thresholding scheme [7], different color space is analyzed to detect shadow.  

For reconstruct shadow areas, there three methods: linear correlation, gamma correction, histogram 

matching [8]. When any image contains shadow, surface texture of that image does not change 

radically. To reconstruct shadow area by using local gamma transformation, they apply contextual 

texture analysis between a segment of shadow and its neighbors, on the basis kind of surface under 

shadow. Another method also used after detection of shadow area, which is known as histogram 

matching method [9]. In this method, we adjust HIS value in shadow region by local surrounding of 

each shadow. In linear regression method [10], each spectral band is carried out to correct the shadow 

effects. This method is base on spectral signature of the spectral bands. 

The remainder of this paper is organized as follows. In Section II, the problem of the presence of 

shadows in VHR images is formulated. Section III details our approach. Section IV shows 

experimental results, Section V draws the conclusions, and section VI contains future work. 

1.2 Related work 

Shadow detection and removal from image related work as followed.  

1. The Mask Pyramid-Based Shadow Removal method [1], they first identify shadowed and lit areas 

on the same surface in the scene using an illumination-invariant distance measure. These areas are 

used to estimate the parameters of an affine shadow formation model. A novel pyramid-based 

restoration process is then applied to produce a shadow-free image, while avoiding loss of texture 

contrast and introduction of noise. They account for varying shadow intensity inside the shadowed 

region by processing it from the interior towards the boundaries. Finally, to ensure a seamless 

transition between the original and the recovered regions they apply image in painting along a thin 

border.  

2. A Complete Processing Chain for Shadow Detection and Reconstruction method [3], the detection 

and classification tasks are implemented by means of the state-of-the-art support vector machine 

approach. A quality check mechanism is integrated in order to reduce subsequent misreconstruction 

problems. The reconstruction is based on a linear regression method to compensate shadow regions by 

adjusting the intensities of the shaded pixels according to the statistical characteristics of the 

corresponding nonshadow regions. Moreover, borders are explicitly handled by making use of 

adaptive morphological filters and linear interpolation for the prevention of possible border artifacts in 

the reconstructed image.  

3. Detecting and removal method [4], begins with a segmentation of the color image. It is then 

decided if a segment is a shadow by examination of its neighboring segments. They use the method 

introduced in Finlayson to remove the shadows by zeroing the shadow’s borders in an edge 

representation of the image, and then re-integrating the edge using the method introduced by Weiss. 

This is done for all of the color channels thus leaving a shadow-free color image.  The present method 

requires neither a calibrated camera nor multiple images.  

4. They use Removing Shadows from Images method [6], set out in to derive a 1-d illumination 

invariant Shadow-free image. They then use this invariant image together with the original image to 

locate shadow edges. By setting these shadow edges to zero in an edge representation of the original 

image, and by subsequently re-integrating this edge representation by a method paralleling lightness 

recovery, They are able to arrive at our sought after full color, shadow free image.  

II. PROBLEM FORMULATION  

In satellite VHR images, especially in metro city areas, shadows created by big tower, bridges, tree 

etc may destroy the information of image. Missing information having direct effect on common 

analysis and processing operation of image, this leads to inefficient classification. Shadows create 

when objects lies in way of the direct light from the illumination source, usually the sun. Shadow is 

divided into two major parts: cast and self shadow as shown in Fig. 1. The shadow cause by direct 

Projection of light on object is called Cast shadow and shadow cause by diffuse light present in scene 

is called self shadow. Self shadow is the part of object. For simplicity, our paper does not propose to 

distinguish between cast and self shadow. We concentrate on cast shadow, which is present in most of 
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images. Cast shadow having property of homogeneous dark areas, which lead to loss of information in 

image. This paper works on recover that information. 

  

Figure 1:- Shadow of image 

In this paper, we classified shadow and non shadow part of image. We applied canny edge detector 

algorithm to detect edge of each part of image. For classification of each part, we use image imposing 

technique with the help of support vector machine properties. Due to these properties, we can find out 

shadow part and non shadow part. For reconstruction of shadow, we calculate mean and standard 

deviation of shadow and non shadow part of image. Calculate mean difference between shadow and 

non shadow part. Apply this difference on shadow pixel and we get reconstructed shadow less image. 

III. PROPOSED METHOD  

Fig 2 shows a flowchart with the principal step methodology. Let us consider an image I of dimension 

l×w. This image characterized by the presence of shadow area and composed of N bands. This 

flowchart divide into three steps 1.Preprocessing 2.Shadow detection and 3. Shadows remove. In first 

step, prepare image for image processing by converting color image into gray scale. After this step 

image contain only intensity information. Apply binary classification on grayscale image in order to 

distinguish shadow and nonshadow region. Second step is shadow detection, in this step we take 

original image as an input and apply canny edge detection algorithm. Final result of this algorithm is 

image having edges. After this, we apply image imposing process. Inputs for image imposing process 

are, Image having edges and binary converted original image. Output of image imposing process is 

shadow region identify in image. Final step of flow chart is shadow removal. For this step input is 

shadow region identify image. Calculate mean and standard deviation for shadow as well as 

nonshadow region of image. Calculate mean difference between shadow and nonshadow part of 

image. Apply this difference on shadow part of image by normalization process with the help of 

standard deviation. 
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Figure 2:- Flow chart of proposed method. 

3.1 Preprocessing 

Preprocessing is divided into two steps, namely grayscale conversion followed by binary 

classification. 

3.1.1 Grayscale Conversion 

The grayscale conversion is implemented by grayscale conversion algorithm, which convert color 

image into grayscale image. Algorithm applies on original input image characterized by shadow 

region.  In this algorithm, first calculate length (l) and width (w) of image. Get pixel value in integer 

format at (x,y) position of image, where x is the distance from the origin in the horizontal axis, y is the 

distance from the origin in the vertical axis. Convert this integer value into hexadecimal value. By 

doing this, we get Red(R), Green (G) and Blue (B) of that pixel. Then calculate GRAY value for that 

pixel by using equation (1). Apply this calculated GRAY value to each Red(R), Green (G) and Blue 

(B) value of that pixel i.e. R=GRAY, G=GRAY, B=GRAY. Now reset this new Red(R), Green (G) 

and Blue (B) to that pixel. Apply same step for pixels from 0 to width (w) and for pixel from 0 to 

length (l). Finally we get grayscale image.    

𝐺𝑅𝐴𝑌 =
(𝑅 + 𝐺 + 𝐵)

3
                                                                                                                                          (1) 

3.1.2 Binary Classification 

The binary classification is implemented by using support vector machine (SVM) properties, which is 

useful for data classification in the literature. For image, we extract image bands and features from 

image by using wavelet transform, which is useful for image classification. In this for each spectral 

band, one-level stationary wavelet transform is applied. Output of this wavelet transform is four 

space-frequencies features. By using symlet wavelet, we can obtain maximize sparseness of the 

transformation while enforcing texture areas. Finally by using SVM, with the help of image band and 

features, we can classify image into shadow vs. nonshadow classification.  
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3.2 Shadow Detection  

Shadow vs. nonshadow classification is the output of first step. But this classification not clears at the 

edges of shadow and non shadow region, due to presence of noise in image. This noise is created by 

slat and paper effect. So we apply second step, shadow Detection. Shadow Detection is divided into 

two steps, namely edge detection followed by image imposing. 

3.2.1 Edge Detection 

The edge detection of image is implemented by Gaussian blur canny edge detection algorithm, which 

detects the edges of image. Algorithm applies on original input image characterized by shadow 

region.  In this algorithm, first calculate length (l) and width (w) of image. Get pixel at (x,y) position 

of image, where x is the distance from the origin in the horizontal axis, y is the distance from the 

origin in the vertical axis. Calculate standard deviation (𝜎) for pixel, then Calculate Gaussian function 

for pixel (x, y) by using equation (2). 

𝐺(𝑥, 𝑦) =
1

2𝜋𝜎2
 𝑒

−
𝑥2+𝑦2

2𝜎2                                                                                                                                      (2) 

 

Where x is the distance from the origin in the horizontal axis, y is the distance from the origin in the 

vertical axis, and σ is the standard deviation of the Gaussian distribution. When applied in two 

dimensions, this formula produces a surface whose contours are concentric circles with a Gaussian 

distribution from the center point. Values from this distribution are used to build a convolution matrix 

which is applied to the original image. Each pixel's new value is set to a weighted average of that 

pixel's neighborhood. The original pixel's value receives the heaviest weight (having the highest 

Gaussian value) and neighboring pixels receive smaller weights as their distance to the original pixel 

increases. This results in a blur that preserves boundaries and edges better than other, more uniform 

blurring filters. Final output of this step is image contains clear edge detection of shadow and 

nonshadow region.  

3.2.2 Image Imposing 

This is the final step for shadow detection with clear boundary. Image imposing is procedure of the 

placement of an image on top of another image. Usually use to add to the overall image effect. That 

means we required two images. In our case, first image is the image get form edge detection step, 

which is clear edges of shadow and nonshadow part and second image is binary converted image. 

Apply image imposing on these two images and output is shadow detected region with clear edges.  

3.3 Shadow Removing 

Shadow removing is the final step of our chain process. In this shadow is removed in two steps. In 

first step, we calculate mean and standard deviation for shadow and nonshadow region respectively. 

In second step, calculate mean difference between shadow and nonshadow region and apply these 

differences to shadow part.  

3.3.1 Calculate Mean and Standard Deviation. 

In this section we calculate mean for shadow region first. For mean calculation, first calculate length 

(l) and width (w) of image. Get pixel value in integer format at (x,y) position of image, where x is the 

distance from the origin in the horizontal axis, y is the distance from the origin in the vertical axis. 

Convert this integer value into hexadecimal value. By doing this, we get Red(R), Green (G) and Blue 

(B) of that pixel. Initially set red color total (𝑅𝑚), green color total (𝐺𝑚) and Blue color total (𝐵𝑚) to 

null value.  Add red color hexadecimal value one by one to find out total red color value 𝑅𝑚 for that 

pixel, as show in equation (3). Same procedure applies for green color (𝐺𝑚) and blue color (𝐵𝑚) by 

using equation no (4) and (5) respectively.  

𝑅𝑚 = 𝑅𝑚 + 𝑅                                                                                                                                          (3) 

𝐺𝑚 = 𝐺𝑚 + 𝐺                                                                                                                                          (4) 

𝐵𝑚 = 𝐵𝑚 + 𝐵                                                                                                                                          (5) 

Now calculate mean for red (µ𝑅 ), green (µ𝐺 ), blue (µ𝐵 ) by equation no (6), (7), (8). Apply same step 

for pixels from 0 to width (w) and for pixel from 0 to length (l) of shadow region of image 

µ𝑅 =  
𝑅𝑚

(𝐿 ∗ 𝑊)
                                                                                                                                                       (6) 

http://en.wikipedia.org/wiki/Concentric_circles
http://en.wikipedia.org/wiki/Convolution
http://en.wikipedia.org/wiki/Weighted_average
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µ𝐺 =  
𝐺𝑚

(𝐿 ∗ 𝑊)
                                                                                                                                                       (7) 

µ𝐵 =  
𝐵𝑚

(𝐿 ∗ 𝑊)
                                                                                                                                                       (8) 

Finally we get mean for red (µ𝑅 ), green (µ𝐺 ), blue (µ𝐵 ) color of shadow region image. Now same 

procedure applies to calculate mean for nonshadow region of image. After this calculate standard 

deviation for shadow and nonshadow region of image. 

3.3.2 Calculate Mean Difference. 

After calculating mean color value for shadow and nonshadow region, now calculate mean difference 

(D) between shadow and non shadow part by using equation (9). 

𝐷 = |µ1 −  µ2|                                                                                                                                                      (9) 

Then apply this (D) on R, G and B of Non shadow part of image by using normalization with the help 

of standard deviation. Finally we got shadow free image. 

IV. EXPERIMENTAL RESULT 

To evaluate the performance of chain process, following image was used.  As show in figure 3, (a) 

initially we accept shadow contain image as input. After that we convert color image to grayscale 

image (b). At (c) we detect edges of input image. Then we find out intermediate image at (d) and 

finally resulted image (e), which is shadow free image. 

Figure 3:- Reconstruction result (a) Original image. (b) Grayscale image. (c) Edge detected image.  (d) 

Intermediate image. (e) Resulted image. 

V. CONCLUSION 

This paper solved the important problem of shadow content image. We solve this problem by not only 

detecting shadow but also remove shadows from image. In our paper we use binary classification for 

shadow and nonshadow part of image. To get clear boundary, we first apply canny edge detection 

algorithm and then apply image imposing process on binary image with canny edge detected image. 

So the output of image imposing is we get classification of shadow and nonshadow part with clear 

boundary. For reconstruction process, we calculate mean and standard deviation for shadow and 

nonshadow part of image and apply mean difference between shadow and nonshdow part to shadow 

part. To improve final result this difference applies by using normalization process with the help of 

standard deviation.    

VI. FUTURE WORK 

These future directions could be work. First, structure element of image could be having trouble by 

means of automatic adaptation procedure. This procedure depends on the sensor resolution and the 

penumbra width, which depends on the sun direction and the building heights. Second, the 

reconstruction of shadow part depends on classification accuracy of image. The height derived from a 

digital elevation model could be considered as an additional input feature to better discriminate 

between the thematic classes. Finally, last future related to reconstruction problem with more 

statistical models. Although they would increase the computational complexity, they would lead to a 
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better fitting of the shadow and nonshadow classes, thus resulting in a potentially better reconstruction 

quality. 
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