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ABSTRACT

Target detection is a challenging problem having many applications in defense and civil. Most of the
targets in defense are camouflaged. It is difficult for a system to detect camouflaged targets in an image. A
novel and constructive approach is proposing to detect object in camouflage images. This method uses
various methodologies such as 2-D DWT, gray level co-occurrence matrix (GLCM), wavelet coefficient
features, region growing algorithm and canny edge detection. Target detection is achieved by calculating
wavelet coefficient features from GLCM of transformed sub blocks of the image. Seed block is obtained by
evaluating wavelet coefficient features. Finally the camouflage object is highlighted using image
processing schemes. The proposed target detection system is implemented in Matlab 7.7.0 and tested on
different kinds of images.
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1. INTRODUCTION

Target detection in camouflaged images is one of the most important applications of computer
vision. Target detection in camouflaged images is an approach by which we identify one or group
of target objects in scene. It is very easy for a human to identify different objects in image but it’s
difficult for a computer program to identify different objects [2]. In target detection in
camouflaged images, images are of different types such as visual, Aerial, IR, etc and they are
under different categories (stationary target, moving target) and environments (atmospheric
turbulences). It is difficult for a computer program to detect target in these restrictions [3]. Till
now so many researches are going on this approach. Some of those approaches [8] are like using
pattern recognition, wavelets, texture, connectivity component based approach, descriptors based
methods and traditional thresholding methods so on. In developing a system, there are many
difficulties like recognition accuracy, occupation of size (image) and execution time so on. These
are the things that motivated me to solve some of those issues. My concentration is towards the
approach that based on wavelet decomposition and wavelet coefficient features.
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Figure 1. Simplified model for target detection system

The approach of this paper is to build a constructive approach for target detection in camouflaged
images that recognize the targets in different kinds of images. To make a system that can able to
take images of any size, colour or gray, and related to different environments. It should able to
detect targets of any size and in any environment. Target detection in camouflaged images can be
done using several approaches; a simplified model is shown in figure 1. Wavelet transform is
chosen as it is one of the novel techniques for solving target detection problem.

Camouflage is a natural phenomenon of many animals in the nature. It is an advantage to them,
so that they can protect themselves from their enemies. The similar camouflage technique is used
in military applications. Generally in military applications, camouflage paint patterns are used for
concealing soldiers and their equipment from being detected by the enemy, making them appear
to be part and parcel of the natural environmental conditions surrounding them. The extent to
which we can camouflage will only be limited by our imagination. Different items are used for
these purpose but the ones that standout are face painting, leaves also some fabrics are dyed in
shades of green, tan, black, brown so as to make the wearer indistinguishable from the
surroundings. Wearer may be a human being, or any other equipment.

Different camouflage paint patterns are used depending on the seasonal changes and the type of
terrain used. The standard camouflage colors are blue, regular, desert and woodland. From these
basic colors we can come up with desert sand, forest green, light green, white, earth yellow
among other colors. Colors should always be chosen from the base color followed by the
highlights. The surrounding areas will always determine the type of pattern and colors to use.

2. SCOPE OF APPROACH

Under different types of atmospheric turbulences and different kinds of targets under different
environments with the help of seed blocks it is possible to recognize the objects in images. So all
these approaches are characterize with the help of multi resolution analysis, similarly by the
technique of canny edge detection invented by canny is using to extract the edges of target in the
camouflaged kinds of images as explained above.

3. SELECTED METHODS

There are many methods provided by researchers for recognition of objects. In those few of
methods are met their requirements. Based on the advanced computer vision approaches here we
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suggested the approach like using multi resolution analysis with traditional edge detection and
seed block approaches.

Filter bank structure is the simple implementation of 1-D DWT, whereas image processing
applications requires two dimensional implementation of wavelet transform [4]. Implementation
of 2-D DWT is also referred to as ,,multidimensional® wavelet transform. The multiresolution
analysis as shown in Figure 3.1 This process continues until some final scale is reached.
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(@) (b)
Figure 3.1: (a) One level wavelet transform (b) Two level wavelet transform

From the obtained gray level co-occurrence matrix, significant wavelet coefficient features
(WCFs) preferably contrast, cluster shade, and cluster prominence are evaluated [1]. The features
are selected for logarithmic normalization on their dynamic range of values. Several parameters
associated with the co-occurrence matrix are contrast, energy, entropy, cluster prominence,
cluster shade, and local homogeneity. As we know how the GLCM from the Harlick suggested
method. From the obtained gray level co-occurrence matrix, significant wavelet coefficient
features are computed using the formulae given below [2]

Coming to the edge detection technique the traditional technique is The Canny edge detection
operator was developed by John F. Canny in 1986 this method works better compared to sobel
and prewitt operators. The Canny edge detection algorithm is known to many as the optimal edge
detector. Canny proposed some criteria to improve the earlier edge detection methods. An image
and its canny detected image are shown in the following figures 3.3.

Figure 3.3: Original and Canny edge detected image
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4. PROPOSED METHOD

Identification of object in camouflaged images is a difficult approach due to the stochastic nature
of background from the foreground. So traditional approaches and processing schemes is will not
provide a satisfactory results due to its randomness in order to solve the problem in camouflage
images object identification proposing a constructive approaches witch will overcome the
problems in traditional processing schemes. In the proposing approach the results are found to be
satisfactory. The block diagram for the proposed Target Detection in Camouflaged images
system [1, 2] is given in the figure4.1 Input image. Similarly the Process flowchart shows all the
steps involved in this proposed method is shown in figure 4.2

Image Sub — image | 2-D Wavelet Decomposition
Resizing ' blocks . l

Wawvelet Coefficients Features
Seed block Selection

!

Region Growing

Target | Cannv Edge
Highlighting Detection

Figure 4.1: Target detection system
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Figure 4.2: Flow chart of proposed target detection system

A. Image resizing:

Consider a camouflage image of different dimensions such that we can divide it into 32 x32 or 16
x16 in the next step. Generally in this system we resizes into 512 x512. If the assumed image is
color image convert it in to gray scale image for better processing. Then in the further steps we
can process easily and able to calculate GLCM [7]. It is shown in the figure 4.3.

(a) (b)
Figure 4.3: (a) Original image of size 356 x 355 x 3, (b) Resized image of size 512 x512
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B. Making sub image blocks:

This proposed system works on the principle of fixed window size technique. If image is resized
into 512 x512, and if we divide into sub images of each size 32x32, we get 256 sub images. If we
divide into 16 x16, we get 512 sub images. Block size depends up on the dimension of the object
and the image.

Figure 4.4: Sub image block

Once sub images are obtained, we have to process each sub image separately in the further steps.
Finally we have to select seed block i.e., sub image block having the highest sum of wavelet
coefficient features. Using the seed block, processing techniques are used to detect the target

C. DWT Decomposition:

After dividing input image into sub image blocks, each sub image block is decomposed using 2-
D DWT. Different wavelets are there to apply such as Haar, Daubechies, Meyer, Morlett and
Symlets. In the proposed method Daubechies wavelet is used which is of order 2. It is represented
as db2. If the size of sub block is more the level of decomposition is to be large in number if it is
not so then small number level of decomposition is enough for multi resolution analysis purpose.
Level of decomposition is 2 for this system. After decomposition, we get wavelet coefficients.
The lower level in decomposition gives coarse level of coefficients which means approximation
coefficients and higher levels give finest scale wavelet coefficients which means detail
coefficients.

If image is resized into 512 x 512 and divided into sub images of size 32 x 32, 256 sub images
are obtained. Then after applying DWT decomposition 256 wavelet coefficients vectors are
obtained.

D. Feature extraction:

From the transformed sub block of camouflage image features are evaluated by statistical means
to find the seed block details from set of sub blocks to process further. The feature are calculating
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by using gray level co-occurrence matrices which is a statistical model based on the probability
of occurrence of gray tone values. The statistical features based on GLCM which are cluster
prominence, cluster shade and contrast used to evaluate seed block from a set of sub block. The
seed block is identified by highest sum of statistical features in each sub block.

Region growing process:

Region growing is a region based segmentation process in which sub regions are grown into
larger regions based on predefined criteria such as threshold and adjacency. In developed
approach, the region growing algorithm is based on mean distance method [1].

In this method, the first step is to sort the feature values of all the windows, that is, sub image
blocks in ascending order so that the window whose value is the largest would be the seed
window. The threshold is determined by finding the average (A) of the first n% of the windows,
which are adaptively chosen depending upon the target image. Now, the statistical feature values
like (cluster details and contrast) of all the 8-adjacent blocks are compared with the average
value, A, and the Sy, value. The window whose value is closer to Sy, (obtained from the seed
block) value will be merged with the seed window. This process is repeated for all 8 adjacent
blocks. If no window is merged from the 8 adjacent blocks, then the algorithm terminates. If at
least one window is merged from the 8 adjacent blocks, then the above procedure will be
repeated with the 16 adjacencies and so on.

Figure 4.5: Image after applying region growing process.

E. Edge detection and Target highlighting

Canny edge detector was one of the good edge detection technique to extract edge information.
Now we apply canny edge detection algorithm to find the edges in the region grown image. It
will give all the edges present in the region grown image. It gives edges of the target in the scene.
This step is used to highlighting step. Image after applying canny edge detection is shown in the
figure 4.6
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Figure 4.6: (a) Canny edge detected image (b) Target highlighted image

Canny edge detected image is presently in gray level type. This is converted to indexed image
and then converted to RGB image. Then it is added to the original image to highlight the target in
the scene.

S. SIMULATION RESULTS

The simulation of the proposed Target Detection in Camouflaged images system is simulated on
Matlab 7.7.0 (R2008b). The proposed approach is tested on different kind of images, which are of
different sizes and in different environments. The input images may be colour or gray scale and
are of any resolution. These images contain different type of targets such as camouflaged soldiers
in war environment, camouflaged tankers, aero planes, birds and statues

1. Camouflaged soldiers in war environment
2. Camouflaged soldier in green fields

The simulation result for image 1 is discussed in the previous section. Now the simulation result
for image 2 is explained here. For every input image we have resized image, target extracted
image, Canny edge detected image, target highlighted image. Sizes of original image, resized
image, seed block, seed point (X, y) are calculated. Profiles of wavelet coefficient features such as
cluster features and contrast are shown. Details of the seed block (sub image block) are given

1. Camouflaged soldiers in green fields
This is an image contains a soldier camouflaged (disguised) in green fields. For this wavelet
coefficient features are calculated and then seed block is found. Details of the seed block are

given and its sub image block is shown.

Size of the original image = 180 x 150 x 3
Size of the resized image = 512 x 512
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() (b)
Figure 5.1: (a) Original image of size 180 x 150 x 3(b) Resized image of size 512 x512

A. Wavelet coefficient features

After applying wavelet decomposition to all sub image blocks, we get coefficients vector. Gray
level co-occurrence matrix is calculated from transformed coefficients. Then statistical features
are evaluated for further processing techniques

Now WCF*s are calculated for all the sub image blocks and they are plotted as above. Contrast is
normalized linearly and the other two are normalized logarithmically. Sub image with maximum
of the sum of the features is treated as a seed block. Seed point is the centre point of the seed
block. Seed point is used in the region growing algorithm. Now WCF*s are calculated for all the
sub image blocks and they are plotted as above. Contrast is normalized linearly and the other two
are normalized logarithmically. Sub image with maximum of the sum of the features is treated as
a seed block. Seed point is the centre point of the seed block.

,:“ﬁﬁ LRV S M

B = E SR waa

Figure 5.2: Profiles of wavelet coefficient features

B. Seed block details:

s pa Dok raamb=s

Figure 5.3: GUI of Seed block
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Seed block = 242th sub image block

Seed point on the resized image = (497, 49)

Wavelet coefficient features for the seed block shown above:
Contrast = 490

Cluster_shade = 2.2379e+011

Cluster_prominence = 3.0319e+014

C. Region grown, canny edge detected, and target highlighted image:

Camny Edgn Datectud bmage

Figure 5.4: Region grown image Figure 5.5: Canny edge detected image

Figure 5.6: Target highlighted image

D. Tabulations:

Proposed Target Detection in Camouflaged images system is implemented on Matlab7.7.0
(R2008b) and tested on these images. All these information is calculated in the above shown
simulation. Seed block number, seed point and wavelet coefficient features for different images
are tabulated as shown in the table given below:
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S. No Image Seed Seed Cluster shade | Cluster
. Contrast .
Block Point promin- ence

1 Camouflaged 107 (209, 337) 750 1.2827e+011 1.4436e+014

soldiers in war

environment
2 Camouflaged 242 (497, 49) 490 2.2379e+011 3.0319e+014

soldier in

green fields

The proposed method is tested on different kinds of images in different environments

1 Aero plane | 103 (209, 209) | 47 1.9077e+011 | 2.4506e+014
2 Bird 106 (209, 305) | 202 2.5880e+011 | 3.6802e+014
3 Statue 170 (337,305) | 77 1.6634e+011 | 2.0414e+014
4 Ship 217 (433,273) | 446 9.4556e+010 | 9.6129e+013

6. CONCLUSIONS AND FUTURE SCOPE

The proposed techniques for detecting targets in camouflaged images and is tested on different
kinds of images. Wavelet based approach is adapted to encounter the multiresolution analysis
problem in images like camouflaged images due to randomness in scene. Statistical features are
used as performance metrics in this implementation. These metrics are very useful in the object
detection for camouflaged images. Canny edge operator is appropriate to detect the edges of the
extracted image. The proposed system is implemented on Matlab 7.7.0 (R2008b). Performance of
the algorithm is tested on images of arbitrary sizes, gray or colour, and related to different
environments and the results are convincing. In future, the proposed method can be extended
further at different steps. After resizing the original image, we can divide into sub image blocks
of different dimensions according to the size of the object. Based on the features of the obtained
target we can classify it. It can be extended to detect multiple targets in an image. Performance of
the algorithm can be assessed by changing the wavelets and level of decomposition.
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