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Abstract
Processing of foreground images in surveillance applications 
usually requires that shadows have been identified and 
removed from the detected foreground. A novel approach 
to shadow detection from single still images is presented in 
this paper. This approach includes a pre processing step to 
identify the presence of shadows in the image and then A 
Tricolor Attenuation Model based multi step shadow detection 
algorithm is used to extract shadows. The tricolor attenuation 
model (TAM) describes the attenuation relationship between 
shadow and its non shadow region is derived based on image 
formation theory. In contrast, the method proposed here is not 
only designed for specific applications but can automatically 
detect and extract the shadows from single still images, even 
those with complex outdoor scenes. In addition, this method 
does not need any user intervention and prior knowledge. It 
is entirely a data-driven approach.

Keywords
Shadow detection, Shadow Types, color models, Tricolor 
Attenuation model, Shadow Identification.

I. Introduction
Shadow detection over the past decades covers many explicit 
applications such as traffic surveillance, face recognition and 
image segmentation. Real images with shadows can not be 
used for image synthesis. Shadows give geometric and semantic 
information in an image, including cues about the shape and the 
relative spatial position of objects, characteristics of surfaces 
and light sources.
In outdoor scenes, there are mainly two light sources: direct 
sunlight, which can be regarded as a point light source; diffuse 
skylight, which can be regarded as an area light source. Shadow 
occurs when an object totally or partially occludes directly from 
the light source. Generally, shadow is divided into two parts: 
1- Self shadow is a part of shadow on the main object where 
it is not illuminated by light. 2- Cast shadow is the dark area 
projected by an object on the background. (See fig. 1) Cast 
shadow can be further divided into umbra and penumbra 
region. The umbra region is the part of a cast shadow where 
direct light is completely blocked and the penumbra region is 
the part of a cast shadow where light is partially blocked. 

Fig. 1: Types of shadow in image

Usually, the self-shadows are vague shadows and do not have 
clear boundaries. On the other hand, cast shadows are hard 
shadows and always have a violent contrast to background.
Because of the undesirable effects of shadows on image 
analysis, much attention is paid to the area of shadow 
removal and covered many specific applications. There are 
disadvantages like loss of information for the surface under 
the shadows present difficulties for image interpretation, image 
matching, detection and other applications. There are a number 
of cues which suggest the presence of shadows in a visual 
scene and that are exploited for their detection in digital images 
and image sequences. Because of the undesirable effects of 
shadows on image analysis, much attention is paid to the area 
of shadow removal and covered many specific applications. 
There are disadvantages like loss of information for the surface 
under the shadows present difficulties for image interpretation, 
image matching, detection and other applications. There are a 
number of cues which suggest the presence of shadows in a 
visual scene and that are exploited for their detection in digital 
images and image sequences. The shadow detection process 
could be a primary step for compensation of the shadows and 
followed by an eventual step of image analysis task, such as 
object recognition or it could be a fundamental step where the 
detection results are directly used by 3D shape estimation or 
similar tasks. In any case, shadow detection is an initial process 
for a final image analysis task. Hence, the performance of 
the final task is highly dependent on the shadow detection 
performance.

II. Related Work
Shadow detection is applied to locate the shadow regions 
and distinguish shadows from foreground objects. In order to 
systematically develop and evaluate various shadow detection, 
the following three important quality measures should be 
identified: good detection (error probability to detect correct 
shadow points should be low), good discrimination (the 
probability to identify wrong points as shadow should be low, 
i.e. low false alarms rate) and good localization (the points 
marked as shadows should be as near as possible to the real 
position of the shadow point). 
Shadow detection methods could be classified according to the 
input data. The work in the literature could be divided into two 
classes, one class deals with moving shadow detection while 
the other class deals with static image shadow detection. 
Shadow detection in dynamic scenes is referred as moving 
shadow detection and usually their detection approach and 
steps are different from non-dynamic scenes (still images). 
Also the purpose for the shadow detection in dynamic scenes 
could be change detection, scene matching or surveillance 
that is different than a detection purpose for images. Shadow 
detection in images has usually different purposes than moving 
shadow detection as mentioned previously. In static shadow 
detection, the purpose could be estimation of objects shape 
from its detected shadow or an intermediate step to image 
enhancement for pattern or object recognition or similar 
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purposes. 
Prati et al [3] conducted a survey on detecting moving shadows; 
algorithms dealing with shadows are classified into deterministic 
and statistical approaches based on whether the decision 
process introduces and exploits uncertainty. Deterministic 
approaches use an on/off decision process, whereas statistical 
approaches use probabilistic functions to describe the class 
membership. As the parameter selection is a crucial problem 
for statistical methods, it can be further divided into parametric 
and nonparametric methods. Deterministic approaches are 
classified in to model based (physics based) and non model 
based (property based) by whether or not the decision can be 
supported by model-based knowledge. 
Physics-based techniques need some prior knowledge, such 
as light and camera calibration [9], or indoor scenes [10]. 
However, it is extremely difficult to obtain the accurate model 
for an arbitrary scene because the environments are complex 
and the light sources vary from time to time and from place 
to place. Hence, most of the physics-based techniques are 
designed for specific applications such as moving cast shadow 
detection [11-12] and shadow detection in aerial images [13]. 
When the application environment differs, the algorithms may 
fail. In most applications the geometry of scene and/or the 
light sources are unknown [14-15].
 Property-based techniques identify shadows through shadow 
features. The most straightforward feature of a shadow is that 
it darkens the surface it cast on. Other features like edge [4], 
histograms [14], texture [15], and gradient [7] are also widely 
adopted. Sometimes, only one feature is not enough. Shadows 
usually have lower pixel values, but pixels that have lower 
values may not be actually shadows. Computer vision cannot 
directly judge that a dark region is a shadow or is a black object. 
Therefore, most methods combine more than one feature. 
A system that combines color information and geometry 
information to recognize shadows is described in [8].It detects 
cast shadows, but does not consider self shadows. This method 
is also applicable to complex scenes .On the other hand; it 
presents a very strong limitation that makes it unusable in 
many applications.
Property-based approaches are more flexible than physics-
based ones. They can be applied to large number of scenes. 
Property-based approaches are further classified into several 
techniques.

A. Image Based Techniques 
Image based techniques deals with certain image shadow 
properties such as colour (or intensity), shadow structure 
(umbra and penumbra hypothesis), boundaries, etc., without 
any assumption about the scene structure. Shadows do not 
change the surface texture. Surface markings tend to continue 
across a shadow boundary under general viewing conditions 
[1].

B. Colour /Spectrum Based Techniques
It aims to describe the colour change of shaded pixel and find 
the colour feature that is illumination invariant. Cucchiara [3] 
investigated the Hue-Saturation Value (HSV) colour property of 
cast shadows, and it is found that shadows change the hue 
component slightly and decrease the saturation component 
significantly. The shadow pixels cluster in a small region that has 
distinct distribution compared with foreground pixels. Salvador 
et al. [1] proposed a normalized RGB color space, C1C2C3, 

to segment the shadows in still images and video sequences. 
K. Siala [4] consider the pixel’s intensity change equally in 
RGB colour components and a diagonal model is proposed to 
describe the color distortion of shadow in RGB space.

C. Texture Based Techniques
It uses the assumption that the texture of foreground objects 
is different from that of the background, while the texture of 
shaded area remains the same as that of the background. The 
several techniques have been developed to detect moving cast 
shadows in a normal indoor environment. D. Xu [2] proposed 
the technique that includes the generation of initial change 
detection masks and canny edge maps.

D. Geometry Based Techniques
 It makes use of the camera location, the ground surface, and 
the object geometry, etc., to detect the moving cast shadows. 
The Hsieh [10]. The Gaussian shadow model is proposed to 
detect the shadows of pedestrian. The model is parameterized 
with several features including the orientation, mean intensity, 
and center position of a shadow region with the orientation 
and centroid position being estimated from the properties of 
object moment
The most salient limitations of presently available shadow 
detection techniques in still images are given below. 

Needs of  some prior knowledge, such as human’s • 
interaction
Effective in specific application • 
Failing when working on complex scenes• 

III. Tricolor Attenuation Model

A. Image Formation Theory
Generally, a color image derived by a camera is determined 
by four main factors: illumination spectral power distribution, 
surface reflectance, spectral sensitivities of the camera, and 
the post processing on the RAW data. RAW data is unprocessed 
electric signal data converted from optical signal by CCD or CMOS 
sensors. Cameras apply some nonlinear post processing to the 
linear RAW data, such as white-balance, gamma correction,
A pixel value vector in a color image derived by a camera can 
be expressed as

    (1)
where,
• λ- is wavelength;
• σ - is exposure time;
• E - is SPD of incident light;
• S - is surface reflecting function;
• q - is camera response function;

B. Tricolor Attenuation Model
The SPD of the illumination on non shadow region is denoted 
as E1and that on shadow region is denoted as E2, substituting 
E1 and E2 (1),we get 

  (2)

The vector [∆R ∆G ∆B] can be represented as
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We have obtained the TAM shown in formula (3). The model 
does, definitely, depend on the assumption of the infinitely 
narrow camera responsibility. To find the maximum attenuated 
channel and the minimum one, obtaining a probably value of 
parameters m and n becomes necessary.

C. Parameters Estimation
The SPD of direct sunlight is denoted as Esun and that of diffuse 
skylight is denoted as Esky.Nonshadow region is lighted by 
daylight (sunlight plus skylight). Therefore,
E1=Esun + Esky 
Shadow region is lighted by skylight plus partially sunlight, and 
is represented as
E2=α Esun + Esky
where α is a proportional factor. In umbra region, α equals to 0; 
in nonshadow, α equals to 1; in penumbra region, α € (0 1).
The parameter m and m is calculated by using the formula 
given below

m=

n=

substituting a=0, we get m=1.31 and n=1.19: and. The 
parametric values of m and n are just approximations because 
they are calculated from the standard CCTs that may not be 
same as the actual CCTs under which the experimental images 
are taken. The SPDs we used here are under the situation that 
shadows most likely take place.

IV. Shadow Detection Algorithm
The goal of the proposed algorithm is the detection and 
extraction of shadows in color images. Before detecting   the 
shadow from an image by a computer, the computer has to 
know whether the shadow is present in the image or not. In 
order to identify the presence of shadows in an image, we 
introduced shadow identification step using RGB color model 
before converting the input image into shadow invariant image. 
Once, the presence of shadow is confirmed then the image is 
converted into shadow invariant image.
Then Multi step shadow detection algorithm based on TAM is 
designed to detect the shadow boundaries. A preprocessing 
step is introduced to segment the original image into sub-
regions with similar color. The algorithm proposed here just 
needs a rough segmentation but does not need an accurate 
one. Because segmentation methods are easily affected by 
shadows, it is better to segment on a shadow invariant image 
instead of the original one. The block diagram of multistep 
algorithm for shadow detection in shown in fig. 2.

Fig. 2: Multistep shadow detection algorithm

The shadow regions are detected as follows:
Step1: The RGB colour model is used in which red, green and 
blue light are added together in various ways to reproduce a 
broad array of colors. The average colour values of red, green¸ 
and blue (primary) components in image are obtained. After 
this, shadows are identified by comparing average R, G, and 
B values with original R, G, and B values of image. The effect 
of the presence of a shadow on a particular pixel is that the 
representative values in the RGB primary colors are lowered. 
This is due to the fact that lower relative numbers represent 
darker colour. Thus, the darker areas are considered as 
shadows
Step2: Transform a RGB image f to a gray one F that is not 
sensitive to shadows so much   compared with the original 
one
Step3: Separate R, G, B components in the image 
Step4: Calculate the mean value of the R, G, and B in each 
region
Step 5: Find the shadow and non shadow region based on 
the mean value. Take pixels whose values are larger than the 
mean value of region as the non shadow background. And 
pixels whose values are lower than the mean value of region 
as the non shadow background. 
Step 6: To subtract the minimum channel from the maximum 
channel, the value of ΔR, ΔG, and ΔB is calculated using the 
formula

ΔR =m  . 
NSB

i

NSR
i

F
F

ΔG= n  . 
NSB

i

NSG
i

F
F

 
ΔB=1
Step 7: Subtract the minimum channel from the maximum one. 
if ΔR > ΔG >ΔB then,we get Xi=FR-FB  and vice-versa
Step 8: Binarize  the image by considering the threshold T 
based on the observation that shadows are often darker than 
the mean value of  Xi

The final result is an extracted shadow.

V. Result and Discussion
In this, different techniques are discussed to detect shadow 
in a particular image. The shadow regions are detected using 
algorithm discuss above. The algorithm derived showed that it 
is possible to detect shadow from image without losing a large 
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amount of pertinent data. This algorithm is tested by applying 
different single still images. The input images and extracted 
shadow images are shown in Table 1. The more reasonable 
approach adopted in this paper is to use blackbody ir- radiance 
to approximate the SPDs of daylight and skylight. Because 
shadow detection usually is a preprocessing step of practical 
applications, mean values are simply chosen as the thresholds 
for fast computing in step 6 and step 7. Experiments show 
that our algorithm with these simple thresholds works well in 
most cases.

Table1: Experimental results of multi step
shadow detection algorithm

Input Image Extracted Shadow 
Image

VI. Conclusion
Shadow identification in single image is difficult but has wide 
applications. In this paper, we used image formation theory to 
de- duce the tricolor attenuation model, and employ blackbody 
irra- diance to estimate its parameters. Based on the new 
model, we presented an algorithm to detect shadows. Unlike 

most previous methods that are suitable for image sequences, 
our method can ex-tract shadows from only a single image. 
However, the shadow detection algorithm need not keep those 
preconditions. Furthermore, the algorithm proposed in this 
paper is not designed for specific applications. It can extract 
both self shadows and cast shadows.
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