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Abstract— Shadow detection and removal from single images of natural scenes is the main
problem. Hence, Shadow detection and removal remained a challenging task. Significant research
carried out on different shadow detection techniques. Although, many algorithms and methods have
been developed for different environmental conditions to detect and remove shadow from the
images. This paper is aimed to provide a survey on various algorithms and methods of shadow
detection and removal with their comparative study.
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I.
INTRODUCTION
Image processing has been area of research that attracts the interest of wide variety of
researchers. It deals with processing of images, video, pictures etc. with various aspects like image
segmentation, image enhancement, image compression(JPEG, MPEG etc.), video transmission,
computer vision (robots, license plate reader), Photoshop. Shadow detection and removal is an
important task in image processing. Shadows provide rich information about the object shapes and
light orientations. It is used for land monitoring, remote sensing, change detection, image
segmentation, face recognition etc.
Shadow is a dark area or shape produced by a body coming between rays of light and a
surface. If the light energy is fallen less, that area is represented as shadow region whereas if
the light energy is emitted more, this area is represented as non shadow region. Shadows can
be divided into two types: cast and self shadow which is shown in Figure 1.

Figure 1. Different types of shadow

Cast shadow is caused by the projection of the light source in the direction of the object. Self
shadow is object its self. Both cast and self shadow has different brightness value. Again cast shadow
can be classified into two parts: umbra and penumbra. The part of a cast shadow where direct light is
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completely blocked by its object is called umbra, while the part where direct light is partially blocked
is called penumbra.

II . SHADOW DETECTION AND REMOVAL METHODS / ALGORITHMS
This paper gives survey on various Shadow detection and Removal methods / Algorithms
with their advantages and disadvantages. The comparative analysis of various Shadow detection and
Removal methods / Algorithms are shown in table 1.
Table 1. comparative analysis of various Shadow detection and Removal methods / Algorithms

Sr. Method
No.
Intensity
1
based

2

3

4

Threshold
based

Key Idea

Advantages

Disadvantages

Author

Standard
deviation is
calculated for
ratio value.
Conditions are set
for a shadowed
pixel.

Function for
pixel intensity
is estimated
directly from
the data without
any other
assumptions

Actually the
pixel
intensity value
is susceptible to
Illumination
changes.

Habib Ullah
et.al [1],
Shibam Das
et. al. [7]

Requires postprocessing as results
might be incoherent
or blurred and may
have holes, noise
etc.

Song et al.
[2], Luus et
al. [3], Kuo et
al. [4]

There are chances
of misclassification.
Shadows of small
objects are missed
sometimes.

Guo et al. [5],
Liu et al.[6]

It takes more time for
computation. Fails

Maryam
Golchin et. al.
[8]

Predefined
threshold level
based on bimodal
histogram used to
determine shadow
and non-shadow
pixels.

Classification
based

Classification
techniques like
SVM are used
based on the
properties
possessed by
shadow pixels.

Color Based

Color tune value of
shadow and
background same
but different
intensity. Color
differences of
shadowed pixel and
background pixels
as well as
illumination
invariance are used.
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Simple and fast.

Can detect
probable
shadow
boundaries
accurately.
Simple and easy
to implement.

Reliable
technique for
colored images.

when intensity of
shadow and
background is same.
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Texture based

Takes in account
the similarity
between
background and
shadow texture as
well as the
difference in
foreground and
background
textures.

Accurate results
under stable
illumination
conditions.

Poor performance
for outdoor scenes
as texture capturing
is difficult.
Difficult to
implement.

Leone et al.
[9], Leone et
al. [10],
Golchin et al.
[8], Heikkila
et al. [11]

Geometric
Properties
based

Sets of geometric
features are
matched.

Effective
detection under
simulated and
controlled
environment.

Asaidi et al.
[12] , Golchin
et al. [8]

Chromaticity
based

Hue and saturation
combined together
are known as
chromaticity.

Highly
accurate.
Can select
proper features
for shadow.

Method will be
ineffective
when geometric
representation of
object
will change.
Tends to
misclassify.

8

Region
Growing
based

standard
deviation and
Mean are
calculated.

9

Dual-Pass
Otsu
Method

Pixels value is
separated into
high and low
level intensity.
Threshold is set
to distinguish
between self and
cast shadow.
Canny edge
detection is used to
detect
background and
foreground edge.

Shape
Region growing
matching
failed when the
results are good. pixel intensity
varied widely in the
shadow
region.
It is Less
Expensive
Poorest
method.
Performance

5

6

7

10

11

Edge
subtraction
and
Morphology

Susan
Algorithm

It gives best
results when
scenes
containing
light and dark
vehicles.
Video highway data Speed is
with avi format,
enhanced.
Edge
Method is
is detected from
simple,
Susan method.
Convenient.
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Liu et al. [13],
Shi et al. [14],
Song et al. [2]

Xu et al. [15],
Xu et al. [16]

Otsu et al.
[17]

Computationally
expensive method.

Muhammad
Shoaib et al.
[19]

Less Efficient than
Harris Algorithm.

Huang
Siming et al.
[20]
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From Table 1, on Shadow detection and removal in various scenarios, it is clear that different
methods and different algorithm gives different results for different scenario. A relative study on the
shadow detection methods [1], based on Intensity information, based on photometric invariants
information, method gray-scale pixel intensity value in the presence of illumination changes fails to
detect shadow region accurately. Actually the pixel intensity value is susceptible to illumination
changes. Partial differential equations used to detect shadow in urban color aerial images [7]. In the
detection process shadow and non shadow regions are separate by SVM classifier [5].This
classification procedure is used to implement in a supervised way by means of a support vector
machine (SVM), which showed the effectiveness in data classification. The classification task is
performed to extract the features of the original image with the help of wavelet transform. Initial
level wavelet transform is applied on each spectral band which consists of frequency features.
Morphological filters are introduced to deal with the problems occurred and to improve the quality
by their effectiveness and to increase the capability in the shape preservation is performed by the
possibility to adapt them according to the image filtering techniques (extracting the borders and
shape of the surface) [6]. To detect shadow pixels using the color information, first the HueSaturation-Intensity (HSI) color space, extended gradual C1C2C3 color space, YCbCr (Luminance,
Chroma Blue, Chroma Red) color space and LAB color space. These color features are selected due
to their remarkable difference between the shadows, background and object pixels. The shadow
pixels based on each of these calculated features are detected separately. Then the results are
combined using a Boolean operator (logical AND) to construct the shadow image based on the color
information [8]. Color spaces represent colors with different vector values. One of the most common
examples is the RGB space where a pixel has three values which represent the amount of red, green
and blue. These three values span a color space that can represent most of the colors that can be
detected with the human eye [8]. Shadow removal from traffic images [15], give three methods first
method attempts to remove shadow s by using Otsu method Pixels value is separated into high and
low level intensity, threshold is set to distinguish between self and cast shadow, cast shadow pixels
are than replaced by background pixels. But this method shows unsatisfactory performance than
other methods proposed like region growing and edge subtractions and morphology. Region growing
fails when the pixel intensity varied widely in the shadow region. Shadow in image with a moving
object is another challenging task to remove that shadow, intelligent transportation system may face
this problem of moving shadow, Susan algorithm [20], detecting the image edge, for removal of
shadow from image detection of edges is too an important task once edges of object are efficiently
detected shadow will removed easily, to detect edges of an image more accurately.
III. CONCLUSION
In this paper, first the basics of the shadow, how shadow occurs, then different types of
shadows are mentioned which can appear in the images. Secondly, comparative survey for analyzing
different shadow detection and removal methods is done. After analysis we like to conclude that;
there is no ‘the best Algorithm/method/classifier’. The choice of the best lgorithm/method/classifier
is depend on data-set characteristics which being processed. For any application, a particular
classifier which performs very well it may also give poor performance in a different setting. As well
the cost plays import role while selecting the algorithm.
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