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ABSTRACT 

Shadows appear in remote sensing images due to elevated 

objects. Shadows cause hindrance to correct feature extraction 

of image features like buildings ,towers etc. in urban areas it 

may also cause false color tone and shape distortion of 

objects, which degrades the quality of images. Hence, it is 

important to segment shadow regions and restore their 

information for image interpretation. This paper presents an 

efficient and simple approach for shadow detection and 

removal based on HSV color model in complex urban color 

remote sensing images for solving problems caused by 

shadows. In the proposed method shadows are detected using 

normalized difference index and subsequent thresholding 

based on Otsu’s method. Once the shadows are detected they 

are classified and a non shadow area around each shadow 

termed as buffer area is estimated using morphological 

operators. The mean and variance of these buffer areas are 

used to compensate the shadow regions. 
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1. INTRODUCTION 
In urban remote sensing images, shadows are usually cast by 

elevated objects such as various cultural features (buildings, 

bridges, towers, etc.) when they are illuminated by the Sun at 

the time of exposures. Shadow in remote sensing image is 

conflict information in computer image processing. On the 

one hand, it can reduce the successful rate of edge extraction, 

object recognition, image matching, change detection and 

other processing for the corresponding ground objects in the 

shadow [1,2]. On the other hand, it can produce a great deal of 

useful information about shape, relative position, surface 

character and other characters of the object generating shadow 

[3,4,5]. It is a necessary step to eliminate shadow and restore 

the scenes in the shadow area before performing object 

recognition and image matching tasks for the shadow 

area.Thus, shadow detection and elimination has become very 

important in image processing. Shadow detection and removal 

has wide application in change detection from remote  sensing 

images done to assess damage due to natural disasters like 

earthquakes, tsunamis, landslides etc. since shadows obstruct 

the correct extraction of buildings and shadows lead to false 

detections. VHR remote sensed images show very fine details 

of features such as building, roads, vehicles, and trees.  

 

 

 

However, the amount of shadow  increases with the spatial 

resolution. Shadow detection and removal methods work 

together to remove shadows. Shadow detection methods can  

be categorized into method based on model and method based 

on shadow property [7][8][9][10][11].Shadow spectra and 

shadow geometrical features are used in shadow property 

based methods [9] [12]. Tsai presented a method which uses 

the spectral ratio image in HSI space to segment shadow[10]; 

Polodorio proposed a method by thresholding saturation 

intensity difference image in HSI color space[13]. 

Shadow compensation is to restore the surface under shadows. 

Considering that a surface texture does not significantly 

change when shadowed, neighboring non shadowed segments 

are usually used to compensate shadowed ones. In the 

literatures, algorithms include gamma correction method [14], 

linear correlation method [15], posteriori probabilities method 

[16].Almost all these approach are operated band by band in 

RGB color space, which makes the composite color unnatural 

[17].Another method is proposed in [6].To overcome the 

above mentioned problems, a simple and efficient shadow 

detection and removal algorithm for remote sensing images is 

proposed in this paper. The proposed method first detects 

shadow by considering the HSV color space using Otsu’s 

method of thresholding. Once shadows are detected they are 

removed using the mean and variance values of the buffer 

area which is the non shadow area around each shadow.   

2. HSV MODEL 
HSV model has the following relations with RGB model: 
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3. PROPOSED WORK 
In the proposed method shadow is first detected using HSV 

color model and then it is removed using a buffer area around 

the shadow region. The approach used in this paper is shown 

in fig.1 An RGB image with shadows is given as input. This 

input image is converted from RGB to HSV space as Hue-

Saturation-Value (HSV) color space is invariant to shadow 

i.e., it conveys the spectral or color characteristics of image 

features, regardless of variations in scene illumination 

condition [18]. Shadow segmentation is done in HSV color 

space  using Otsu’s method of thresholding this separates 

shadows and non shadows. For compensation of shadowed 

region the HSV color space is used, a buffer area around each 

shadow is computed and using this buffer area the new values 

for shadowed regions are computed. Each of these steps are 

discussed in the next sub sections 

 

A. Shadow Segmentation  

The input image is first converted to HSV color space  using 

equations (1),(2),(3) and (4) and is denoted by I. It has been 

observed that shadow areas are dark and saturated strongly 

with the blue and violet wavelength. In HSV color space, 

shadows hold some different spectral properties as follows 

[10,13,19]: 

 

1) low value because the direct light from the Sun is occluded 

by elevated objects; 

2) high saturation with short blue-violet wavelength due to 

atmospheric Rayleigh scattering effect; 

3) high hue values because shadow areas are dark. 

Hue is an attribute associated with the dominant wavelength 

in a mixture of light waves. Hue represents dominant color as 

perceived by an observer. Saturation refers to the relative 

purity or the amount of white light mixed with hue. Thus, 

shadow areas have maximum value of saturation and the 

minimum value component in HSV color space. Some other 

features like vegetation, roads etc. have similar characteristics. 

The S and V components of I are used to extract shadows 

using NDI  as, 
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In order to detect shadow areas, a positive threshold T can be 

found to segment the NDI images. For automatic computation 

of threshold OTSU thresholding algorithm is used. The Otsu’s 

method finds an optimal threshold T, which maximizes [8] 
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      is the probability of pixels with grey level   in the 

image .The Image pixels which have a higher NDI than the 

threshold (T) are accepted as shadow pixel; otherwise not. 

 

               
                                  
                                 

             

 

The image obtained after this thresholding will be a binary 

image with all shadow pixels set to 1 and all non shadow 

pixels are set to 0.This binary image is denoted by Ishadow . 

  

 
Fig.1Approach used in the proposed method. 

 

B. Shadow Removal 

In the proposed method shadow is removed, using a buffer 

area around the shadow. The buffer area is used to 

compensate the shadow using the mean and variances of the 

buffer area and the shadow region. The buffer area is 

estimated using morphological operations on Ishadow .The steps 

involved are as follows: 

Step1: Shadow Classification  

First, shadows are classified based on the concept of 

connected components. The binary image Ishadow has one or 

more connected components(each connected region 

corresponds to a shadow), an array I0 (of the same size as 

Ishadow) whose elements are 0s , except at each location known 

to correspond to a point in each connected component in 

Ishadow is set to 1.The following iterative procedure finds all 

connected components: 

                                                 (8) 

where B is a suitable structuring element. The procedure 

terminates when In = In-1, with In containing all connected 

components of Ishadow. This process yields m sets of connected 

components or m different shadows in the image. m can have 

the value one or greater than one , depending on the number 

of shadows. 

Step 2: Buffer Area Estimation 

Buffer area of each shadow is the non shadow area around 

that shadow. Thus, after classifying the shadows using eq (8), 

the buffer area of each shadow is computed using 

morphological dilation operation and image subtraction 

operation as follows:  
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The dilation operation will expand the shadow boundaries. 

Bsquare is a square structuring element. The size of the 

structuring element will decide the size of buffer area. In this 

paper a 3x3 square structuring element is used. 

 

                                                                          

 

where k = 1,2,....m and         gives the location of the non 

shadow points ,i.e, the buffer area around each shadow k . 

 

Step 3 Shadow removal 

 

The shadow is removed using the following transformation 

function. 

  
                

          
       

                                   

where  k = 1,2,....m . 

  
       is the compensated value of the shadow pixel. 

                    are the mean and variance of the pixels of  

image I at locations        .  

              the mean and variance of the shadow pixels of  

image I at locations   . The resulting image is shadow free 

image. 

4. EXPERIMENTAL RESULTS 
The above method was tested in Matlab R2009a using three 

different RGB images. Fig. 2(a) shows a remote sensing RGB 

image of an urban area with buildings it contains shadows cast 

by the elevated objects, i.e., buildings. Fig.2(b) shows the 

shadows detected , the shadows are shown in white colour. 

The buffer area around each shadow is shown in fig.2(c).It 

can be seen that the shadows are removed quite efficiently as 

shown in fig.2(d). 

 

 
(a) 

 

(b) 

 

(c) 
 

(d) 

Fig. 2(a)  RGB image (b) Binary image showing shadows 

(c) Buffer area of shadows (d) Shadow free image. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3(a)  RGB image (b) Binary image showing shadows 

(c) Buffer area of shadows (d) Shadow free image. 

Fig. 3(a) shows a remote sensing RGB image of a highway 

with vehicles it contains some shadows. Fig.3(b) shows the 

shadows detected , the shadows are shown in white color. The 

accuracy of shadow detection can be seen from the fact that 

roads are not detected as shadows , though they have similar 

characteristics as shadows. The buffer area around each 

shadow is shown in fig.3(c).The shadow free image is shown 

in fig.3(d) where only the shadows are removed and the road 

remains unaffected. Fig. 4(a) shows a remote sensing RGB 

image of a vehicle covered by a shadow and thus, the vehicle 

is not properly visible. Fig. 4(b) shows the shadows detected, 

the shadows are shown in white color. Fig.4(c) shows the 

buffer area. The area under the shadow is illuminated in 

fig.4(d) and the vehicle is now clearly visible. The results 

show the effectiveness of the proposed method in de-

shadowing as it can be seen in the results that the area under 

the shadows is revealed in the shadow free image. 

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

 

Fig. 4(a)  RGB image (b) Binary image showing shadows 

(c) Buffer area of shadows (d) Shadow free image 

5. CONCLUSION 
In this paper an efficient method for shadow detection and 

removal from remote sensing images is proposed. The method 

works in HSV space to detect shadows and then uses Otsu’s 

thresholding method to detect shadows. After the shadows are 

detected they are removed by using the mean and variance 

value of the buffer area around each shadow .The buffer area 

is estimated with the morphological operators. The results are 

quite effective and it is seen that shadows are detected 

correctly. The shadow free image is also quite effective and 

the areas under the shadow are illuminated. 
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