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Abstract. Human visual system always focuses on the salient region of an image.
From that region the salient features are obtained and can be collected by gener‐
ating the saliency map. Natural statistics measures are used to measure the sali‐
ency from data collection of natural images. ICA filters are used to generate the
saliency map that can blur the image. We have improved it by using different
techniques like edge detection and morphological operations. By applying these
algorithms we have successfully reduced the blur in images. That makes the
salient objects more prominent by sharpening the edges. Proposed method is also
compared with the state-of-the-art method like Achanta model.

Keywords: Saliency · Edge detection · Morphological image processing · AUC
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1 Introduction

The human visual system is enriched by modern technology and lot of work has been
done to improve the saliency map. Improvement in saliency map can increase the object
detection and tracking. Different techniques are being used by the latest researchers such
as particle filters, log maps, background subtraction, feature extraction and feature
description. Feature extraction and description are used for image matching and recog‐
nition [30–33]. Saliency is basically making the most prominent features salient so that
the machine visual system can recognize the important information in an image. Saliency
can be done through different techniques that includes difference of Gaussian, inde‐
pendent component analysis filters [2], spectral residual and spatial-temporal [26].
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Recently many models have tried to explain the above mentioned problem for
instance Hou and Zhang proposed a method which deals with spectral residual method
by using the Fourier transform [26]. Then Achanta et al. proposed a method based on
colour and luminance of the image and obtained the well-defined regions of the image
[25]. Natural statistics also plays an important role to obtain the saliency map. The
independent component analysis filter is used to obtain linear features, used in the sali‐
ency algorithm, obtained by applying on the natural images. By using the edge detection
and morphological operations we have improved the performance of the system. The
rest of the paper is organised as: Sect. 2 briefly explains the ICA. In Sect. 3 we explained
our proposed methodology. Sections 4 and 5 are about edge detection and the morpho‐
logical operations. In Sect. 6, we have discussed the results and compared with baseline
method.

2 Independent Component Analysis

Independent component analysis [2] is used to recover independent signals from the
measured signals. The measured signals are a linear combination of independent signals.
Therefore an equal number of independent and measured signals are obtained.

Independent component analysis is defined as

Xi = a1s1 + a2s2 +…+ a
n
s

n (1)

Or in matrix form

X = AS (2)

Where Xi belongs to every measured signal, S is independent signals and A is n x n
matrix called the mixing matrix. An alternative form of (2) can be obtained if and only
if matrix A is invertible that is

W = A
−1 (3)

So,

S = WX (4)

This means that each independent signal Si can be expressed as a linear combination
of measured signals. So, by estimating the W, independent signal S can be obtained. We
assume that each signal is a random variable. The Central Limit Theorem states that if
the sum of several independent random variables, such as those in S, tends towards a
Gaussian distribution [3]. So xi = a1s1 + a2s2 is more Gaussian than either s1 or s2. The
Central Limit Theorem also implies that if the combinations of the measured signals in
X with minimal Gaussian properties are obtained, then that signal will be one of the
independent signals. To achieve this we have to measure the nongaussianity of WX [3,
22–24]. To measure the nongaussianity the Negentropy approximation is used.
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We have applied the FASTICA [2] algorithm as used by Lingyun Zhang and Tim K.
Marks [1] and enhanced the images by using different operations; hence improved the
salient features in saliency map to a noticeable result.

The following are results and 3D plots of ICA filters applied on three different
images.

3 Proposed Methodology

Saliency map is generated by ICA has some drawbacks like edges are blur so salient
features are not easy to obtain. We have improved the saliency map generated by ICA.
Sobel operator is applied on the saliency map that was generated by ICA. Morphological
operator (dilation) is then used to improve the edges by which salient features can be
obtained efficiently. The visual results clearly show that proposed methodology
improves the performance of the system.

Flow chart of proposed method is as follows (Fig. 2).

4 Edge Detection

Edge detection technique enhances the edges of an image by sharpening the image edges,
Sobel operator is found to be good edge detector [10]. The Sobel operator is a discrete
function computing the gradient of the intensity in an image. The operator uses two 3 × 3
kernels which are convolved with the original image to calculate approximations of the
derivatives-one for horizontal changes, and one for vertical [10]. Image is represented
as B, and Hx and Hy are two filters to compute the horizontal and vertical derivative
approximations, the computations are as follows:

𝐇𝐱 =

⎡⎢⎢⎣
1 0 −1
2 0 −2
1 0 −1

⎤⎥⎥⎦ ∗ 𝐁 𝐇𝐘 =

⎡⎢⎢⎣
1 2 1
0 0 0
−1 −2 −1

⎤⎥⎥⎦ ∗ 𝐁

Where * is the 2-dimensional convolution operation.
Since the Sobel kernels can be decomposed as the products of an averaging and a

differentiation kernel, they compute the gradient with smoothing. For example, Hx can
be written as

⎡⎢⎢⎣
1 0 −1
2 0 −2
1 0 −1

⎤⎥⎥⎦ =
⎡⎢⎢⎣

1
2
1

⎤⎥⎥⎦
[

1 0 −1
]

The x-coordinate is defined here as increasing in the “right”-direction, and the y-coor‐
dinate is defined as increasing in the “down”-direction. At each point in the image, the
resulting gradient approximations can be combined to give the gradient magnitude, using
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𝐇 =
√

𝐇𝟐
𝐱
+𝐇𝟐

𝐲

Gradient direction can be calculated as:

𝛂 = 𝐚𝐭𝐚𝐧𝟐 (𝐇𝐲, 𝐇𝐱)

Where, for example, α is 0 for a vertical edge that is darker on the right side.

5 Morphological Operation

Morphological operations are used for extracting meaningful components from the images.
There are different operations like dilation, erosion, opening, closing etc.

Dilation operator is used in our experiments [11]. Dilation [11] is used to thicken or grow
objects in an image. The dilation process takes two pieces of data as inputs. The first is the
original image and the second one is structuring element (also known as kernel). Struc‐
turing element is the one through which thickening process is controlled in dilation opera‐
tion. The line structuring element is applied on the image pixels from the start till end. The
SE is applied in the form of the line in the image every time and a change in the pixel values
according to the SE i.e. the change appears in places where the line affects the pixel and
finally thicken the points we wanted and making the edges thicker and clear.

Dilation function is defined in term of set operation. The dilation of C and D is defined as

C ⊕ D =
{

z|(D’)z ∩ C ≠ 𝜙
}

Where 𝜙 is the empty set, D is structuring element and C is the binary image. In other
words, dilation of C and D is the set consisting of all elements of D’ such that its origin
remain in C.

Morphological operation (Dilation) is applied to edge detection images to enlarge
the boundaries of the regions of the salient features.

6 Results

To verify the proposed algorithm and with base line algorithm the image dataset is used
as in [21]. For experiments 1000 images randomly selected from 10000 images and
computed the results. Some images are shown in Fig. 3 after applying our proposed
method.
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6.1 Results by Applying Algorithm on the Dataset

7 Comparison Between ICA, Edge Detection Technique
and Morphological Operation

Saliency map of original image is generated by applying ICA filter image. These saliency
maps are shown in Fig. 1, with their 3D plots that clearly show the most prominent and
salient features in the images. From figure it can be shown that the edges are not clear
so sobel and dilation operators are used to improve the image quality. The results clearly
show that the edges are sharper in whole image. This gets us to the point nearer to the
object detection rather just projector out the prominent features. The histogram of the
sobel operator shows us the peaks referring to the edges of the object and filter out purely
the object. Results of the sobel operator is improved by applying another operation i.e.
dilation; that provide the perfect results for object detection as shown in Fig. 3. The
uncompleted edges have been thickened and completed by dilation. The histogram of
dilation images gives the clear peaks and also those peaks that are blurred before. So, it
is concluded after comparison between three of the techniques that when applied in
hybrid these three techniques gives us the clear detected object (Fig. 4).

Original Image ICA Results 3D Plots

Fig. 1. Saliency map using ICA filters.
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Fig. 2. Flow Diagram

Original image Saliency map Edge Detection
(Sobel)

Dilation Result

Fig. 3.
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The results can be visualized as under:

A B C D E

(a) Original Images (b) Saliency maps (c) Edge detection (d) Morphological operation (e) Histogram 

Fig. 4.

8 Comparison of Two Computational Models and the AUC Score

The comparison between two models, which are the Achanta et al model and the ICA
based saliency model, are based on the testing of area under the ROC curve score.

The area under the ROC curve needs a dataset that has been tested on human visual
system. The dataset are used for calculating an AUC consists of random number of
observers in a free viewing scenario on 135 different images [28]. The scenario is kept
as to obtain the best possible results. The data for these random numbers of observations
are viewed on is viewing 135 different images and their point of focus is computed.
These values are used to compute the eye fixation map. Then the Achanta [28] model
is used to compute the saliency maps of the same 135 images. These saliency maps are
then compared with the eye fixation results and a score for each image is computed.
Similarly the ICA based saliency maps are also compared to the eye fixation results and
score is computed again. The score limits from 0 to 1. If the comparison results in score
near to 1 the similarity is maximum thus the result is good and if it’s near 0 then the
similarity is minimum. We have only computed the comparison for first 8 images
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The results of comparison between the AUC score is as under (Fig. 5):
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Fig. 5.

9 Conclusions

To generate the saliency map, ICA filter is used that gives the linear features used in
saliency algorithm. To enhance the salient region edge detection technique with sobel
operator is used which shows the accurate region of the saliency map and distinguishes
from background. Using the same edge detection results, morphological operation (dila‐
tion) is applied that has brighten the edges, improves the lines and curves of edge detec‐
tion result. Dilation is basically used to complete the incomplete boundaries of the region
and thickens it contains. After applying all these operations the results clearly shows the
effects, improving the saliency map and the edge detection has enhanced the results of
saliency map. The morphological technique highlights the final result of the feature
detection. The AUC ROC score also proves the models results better than many models
as baseline model.
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