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Abstract: This study presents an image enhancement approach to 
Cuckoo Search Algorithmin with Morphological Operation. At the 
present time, in many image processing applications digital images are 
developed. Machine vision, computer interfaces, manufacturing, 
compression for storage and more are some of the fields of image 
processing application. Before using it in any applications the image 
has to be managed, such processing is said to be image enhancement. 
We propose a method to combine with an enhancing digital images 
through cuckoo search algorithmin and morphological operation. 
Therefore, the appearance of noise produces distortion in an image and 
thus the image will be unattractive. This decreases the discernibility of 
many features inside the images. In this study, we are working to 
overcome this drawback by getting an improved contrast value after 
converting the color image into grayscale image. The fundamental 
characteristic of this CS algorithm is that the amplitudes of its 
components can objectively reflect the contribution of the gray levels 
to the representation of image information for the best contrast value of 
an image. After selecting the best contrast value of an image in CS 
algorithm, morphological operations have to be done. In morphological 
operations, the intensity parameters of the image are adjusted to 
improve its quality. Experimental results demonstrate that the proposed 
approach is converted into original color image without noise and 
adaptive process to enhance the quality of images. 
 
Keywords: Digital Images Enhancement, Morphological Operation, 
Cuckoo Search Algorithm 

 
Introduction 

Decades ago, much attention has been paid to the 
multi-resolution characteristic of processes and patterns 
in general. Good examples are image-processing, which 
provide different information and noise at various spatial 
scales. Analysts have become aware that image 
enhancement could be considerably improved if the 
scenes are viewed at multiple resolutions (Afruz et al., 
2010). Basically, all satellite image-processing 
operations can be grouped into three categories: Image 
Rectification and Restoration, Enhancement and 
Information Extraction. Image processing with better 
flexibility and adaptability is highly enviable in many 
applications such as image transformation, correction 

of distortion effects, noise purge, histogram 
equalization and more (Krishna et al., 2010). 

The objective of image enhancement is to classify 
and portray, as a unique grey level (or colour), the 
features occurring in an image in terms of the object 
or type of land cover these features actually represent 
on the ground. Normally, noise reduction is the initial 
process in the analysis of digital images    
(Nadernejad et al., 2008). Image contrast 
enhancement, noise elimination, thresholding, edge 
detection and image segmentation are the major steps 
involved in digital image processing techniques 
(Zelelew et al., 2008). The image can be affected by 
noise unavoidably in the process of saving and 
transmission and produces bad effects on the image 
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processing. For eliminating such effects, it is 
indispensable to remove or diminish the noise and at 
the same time, to preserve the image information as 
much as possible (Singh and Kathane, 2011). 

Image enhancement acting an essential role in 
several image processing applications, where the 
experts make decisions based on the image 
information (Al-Samaraie, 2011). To complete this 
task, it is imperative to increase the dynamic range of 
the selected features in the image, which is basically 
the process of image enhancement (Al-Samaraie and 
Majied Al Saiyd, 2011). When images change from 
one form to another through the processes such as 
imaging, scanning, or transmitting, the quality of the 
output image may be subordinate than that of the 
original input image. Thus, there is a need to enhance 
the quality of such images (Vij and Singh, 2011). The 
purpose of image enhancement is to enhance the 
image quality such that the processed image is 
superior to the original image for a certain application 
or set of objectives. Preprocessing the image with an 
enhancing filter will produce good segmentation 
results (Gorai and Ghosh, 2011). Image enhancement 
techniques are separated into two wide categories 
(Maini and Aggarwal, 2010): 

 
• Spatial domain methods 
• Frequency domain methods 

 
Spatial domain enhancement method: Here, the 

pixel is directly gray-scale mapped to achieve an 
enhanced image. This method can automatically 
increase the entire image contrast. But, it is very 
sensitive to noise (Hua et al., 2011). 

Frequency domain enhancement method: This 
method has made the best of the wavelet with the 
multiresolution time frequency analysis property. It has 
defeated the drawbacks of the wavelet transform in the 
image noise and has solved the sparsity problem of 
smooth edge target (Hafizah and Supriyanto, 2011). 

In order to simplify the comparisons between the 
classification results for the different image 
enhancement techniques, the MSE classification 
threshold has been varied individually in each case 
(Preethi and Rajeswari, 2010). Image enhancement is 
a process of enhancing the quality of an image by 
improving its features. For underwater images, three 
significant image enhancement techniques are 
utilized: Contrast stretching, Histogram equalization 
and Contrast limited adaptive histogram equalization 
(Kumarrai et al., 2012). The contrast stretching 
process plays a vital role in improving the quality as 

well as the contrast of medical images (Mokhtar et al., 
2009). The histogram equalization is the most 
common technique, used for improving the visibility of 
images. Suppose if an image is mostly dark, then its 
histogram would be skewed towards the lower end of 
the grey scale and all the image detail is compressed 
into the dark end of the histogram (Yoon et al., 2009). 
Two techniques such as Pixel Based Texture Synthesis and 
Patch Based Texture Synthesis are utilized for cleaning 
the gray scale image (Shah et al., 2012). Image 
enhancement process comprises a set of techniques, 
which aspire to enhance the visual appearance of an 
image or to convert the image to a form compatible for 
analysis by a human or machine. The greatest 
complexity in image enhancement is measuring the 
criterion for enrichment (Ahmed and Barskar, 2011). 
The objective of color enhancement can be either to 
augment the brightness, or to increase the saturation 
(Kumar and Chandrakar, 2011). Image Enhancement is 
one of the protruding research areas in Image Processing 
as it is more propitious in several applications such as 
Satellite Image Processing, Medical, Military, Print 
media and so on (Suneetha and SriKrishna, 2011). 

Cuckoo Search Algorithm 

Cuckoo Search Algorithmis based on the brood 
parasitism of some cuckoo species (Brajevic et al., 
2012). In addition, CS algorithm is improved by the so-
called Lévy flights, rather than by simple isotropic 
random walks (Layeb and Boussalia, 2012; Valian et al., 
2011a). The CS was inspired by the obligate brood 
parasitism of some cuckoo species by laying their eggs 
in the nests of host birds. Some cuckoos have evolved in 
such a way that female parasitic cuckoos can imitate the 
colors and patterns of the eggs of a few chosen host 
species (Valian et al., 2011b). This reduces the 
probability of the eggs being abandoned and, therefore, 
increases their re-productivity. It is worth mentioning 
that several host birds engage direct conflict with 
intruding cuckoos (Yildiz, 2012; Tiwari,  2012). In this 
case, if host birds discover the eggs are not their own, 
they will either throw them away or simply abandon 
their nests and build new ones, elsewhere (Dhivya et al., 
2011; Babukartik and Dhavachelvan, 2012). For 
simplicity in describing the cuckoo search, consider the 
following three idealized rules: (1) Each cuckoo sets 
one egg at a time and dump its egg in randomly 
chosen nest; (2) The best nests with high quality of eggs 
will carryover to the next generations; (3) The number of 
available host nests is fixed and the egg laid by a cuckoo 
is discovered by the host bird (Rani et al., 2012; 
Noghrehabadi et al., 2011). 
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In this study, we enhance the image using CS 
algorithms and morphological operations (Ma et al. 
2011). The contrast and intensity parameters of the 
image are adjusted by means of CS algorithm. After 
enhancing the input image by CS algorithm, we apply 
morphological operations for further enhancement of 
the image. The rest of the study is organized as 
follows: Section 3 reviews the recent research works 
related to the image enhancement techniques, section 4 
details the steps involved in the proposed technique with 
necessary illustrations and mathematical formulations, 
section 5 discusses about the implementation results and 
section 6 concludes the study. 

Related Researches: A Review 

In this section, a handful of recent research works 
available in the literature are briefly reviewed. For image 
enhancement, (Weigel et al., 2013) have proposed a 
method to combine Image Inversion Microscopy (IIM) 
with digital holography. Furthermore, they presented a 
setup and some measurements as proof of principle. The 
Point Spread Function (PSF) of a holographic image 
inversion microscope was compared to the conventional 
PSF. They have demonstrated that the distance between 
the first zeros is reduced by a factor of about two. 
Additionally, they recorded images of 10 gratings to 
demonstrate the enhanced resolution and to measure a 
part of the optical transfer functions of the coherent, the 
incoherent and the image inverted case. 

Lin (2011) have proposed a technique for an image 
enhancement approach to Infrared (IR) images for 
long-range sur-veillance. The IR images captured at 
long range usually have low contrast, low brightness 
and small hot objects of interest. The main 
characteristics of the proposed approach were that no 
prior knowledge aboutthe IR image was necessary and 
no parameters must be preset. Two main goals are 
sought: Adaptive contrast enhancement and 
enhancement of the power of high spatial frequency in 
IR images. In this proposed work, a novel Adaptive 
Histogram-Based Equalization (AHBE) was used for 
adaptive contrast enhancement. In this way, the 
proposed adaptive equalization approach can improve 
the enhancement effect on small hot objects embedded 
in an image. In addition, using a high-boost filter 
enhances the power of high spatial frequency in IR 
images and maintains the information about the original 
images. As a result, the diffraction effects on IR images 
caused by the IR optical system was ameliorated 
through the high-boost filter. 

Zhao (2011) have presented the adaptability and 
effect of image enhancement, this proposed method 

have an image enhancement method based on 
Gravitational Search Algorithm (GSA), which was 
used for optimizing the parameters of the normalized 
incomplete Beta function using the characteristics of 
the original image, the acquired function was 
employed to enhance the degraded image. The 
simulation results show the method can effectively 
enhance the global contrast of the image and vision. 

Zeng et al. (2012) have Many applications of 
histogram-based techniques for the purposes of image 
enhancement are wellknown. However, these 
techniques often fail to produce satisfactory results for 
a broad variety of low-contrast images. In this 
proposed method, they applied a new form of 
histogram for image contrast enhancement. The input 
image was first divided into several equal-sized 
regions according to the intensities of gradients, their 
corresponding statistical values of gray levels were 
then modified respectively and finally the processed 
histogram for the whole image was obtained by the 
summation of all the weighted values of regions. The 
performance of many histogram based enhancement 
techniques might be improved dramatically using the 
proposed histogram. Testing on the X-ray images 
validates the effectiveness of the new histogram. 

Santhanam and Radhika (2010) have proposed a 
technique Noise identification predominant in any 
digital image processing algorithms, which helps in 
identifying the filters to smooth the image for further 
processing. In this proposed method, an Artificial 
Neural Network (ANN) based approach was proposed 
for noise identification. The suggested technique 
involved seclusion of the noise samples and extracts 
their statistical features, which was then applied to a 
neural network to identify the noise. Neural networks 
provided a better solution in identifying the noise. 

Garg et al. (2011) have proposed Various 
enhancement schemes are used for enhancing an image 
which includes gray scale manipulation, filtering and 
Histogram Equalization (HE). Although these methods 
preserve the input brightness on the output image with a 
significant contrast enhancement, they may produce 
images with do not look as natural as the input ones. HE 
method was to re-map the gray levels of an image. 
Comparative analysis of different enhancement 
techniques will be carried out. This comparison was 
done on the basis of subjective and objective parameters. 
Subjective parameters were visual quality and 
computation time and objective parameters were Peak 
Signal-to-Noise Ratio (PSNR), Mean Squared Error 
(MSE), Normalized Absolute Error (NAE), Normalized 
Correlation, Error Color and Composite Peak Signal to 
Noise Ratio (CPSNR). 
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Teymourzadeh et al. (2013) has proposed 
advancements in the fields of digital image processing 
and artificial intelligence have applied in solving 
many real-life problems. This could be seen in facial 
image recognition for security systems, identity 
registrations. Hence a bottleneck of identity 
registration is image processing. These are carried out 
in form of image preprocessing, image region 
extraction by cropping, feature extraction using 
Principal Component Analysis (PCA) and image 
compression using Discrete Cosine Transform (DCT). 
Hence, this research work presents a universal 
integration image forgery detection analysis tool with 
image facial recognition using Black Propagation 
Neural Network (BPNN) processor. The proposed 
designed tool is a multi-function smart tool with the 
novel architecture of programmable error goal and 
light intensity. Furthermore, its advance dual database 
increases the efficiency for high performance 
application. With the fact that, the facial image 
recognition will always, give a matching output or 
closest possible output image for every input image 
irrespective of the authenticity, the universal smart GUI 
tool is proposed and designed to perform image forgery 
detection with the high accuracy of Â±2% error rate.  

Bai et al. (2011) have proposed an infrared image 
enhancement algorithm through contrast enhancement. 
In this proposed method based on multiscale new top-hat 
transform. Firstly, the multiscale white and black new 
top-hat transforms were used to extract the multiscale 
light and dark infrared image regions. Then, the final 
light and dark infrared image regions for image 
enhancement are constructed by using the extracted 
multiscale light and dark infrared image regions. 
Finally, the contrast of the infrared image was 
enhanced through a power strategy. Experimental 
results on different infrared images show that the proposed 
algorithm could well enhance infrared image and make 
the possible interested targets brighter, which was very 
helpful for target detection and recognition. 

Sridevi et al. (2012) have proposed a method digital 
medical powerful tools for diagnosis, treatment and 
surgery and plays a vital role in modern healthcare 
delivery. Large storage capacity is needed for storing 
these images and for transmitting them. This leads to 
the strong demand for digital medical image 
compression and reliable transmission. In this study, we 
have applied three compression methods to medical 
images. In all the methods discrete wavelet transform is 
applied followed by the corresponding compression 
methods. The experiments are carried on three medical 
images and the quality of reconstructed images is 
evaluated based on Compression Ratio (CR) and Peak 

Signal to Noise Ratio. The results show that the SOM 
algorithm has higher compression ratio than FCM and 
FKM while maintaining the image quality and 
preserving the information. The results show that the 
SOM algorithm outperforms the existing methods 
FCM and FKM for medical image compression. 

Achmad et al. (2011) have proposed a optical flow 
inter-frame enhancement techniques to improve the 
quality of ultrasound images by reducing the speckle 
noise. The performance depends on accuracy of the 
optical flow inter-frame reconstruction which is a part 
of the technique. The speckle noise of an ultrasound 
image forms certain pattern, of which size of the 
speckle varies depends on the distance from the 
transducer. This proposed method, that the use of 
warping technique prior to as well as after the optical 
flow to improve the accuracy of the optical flow 
calculation. The warping function was derived to 
transform the image from circular grid to rectangular 
grid. The technique was applied to a series of synthetic 
moving frames generated from actual ultrasound 
image taken from a patient heart. The technique 
improved the accuracy of motion vectors generated 
from the optical flow. The MSE of the reconstructed 
frame was also smaller using warped technique 
compared to that of the non-warped technique. 

Rahman et al. (2011) have proposed an image 
enhancement and data compression methods arose 
from the distinct and largely separate disciplines of 
image processing and communications respectively, 
yet both are important components of current and 
future digital imaging systems technology. However, 
if image enhancement was performed before image 
compression, there were two issues that arise: (i) 
Image enhancement typically increases the contrast 
amount of observable detail in an image which leads 
to poorer compression ratios; and (ii) the radiometric 
information in the original data was typically 
irretrievably lost. In this proposed method,they 
address the impact of image enhancement, specifically 
that of the Multi-Scale Retinex with Color Restoration 
(MSRCR) on image compression and vice versa. They 
was look at the impact of compression on recovering 
original data from enhanced imagery given certain 
parameters about the enhancement process. 

Proposed Methodology Using Cuckoo 

Search Algorithmand Morphological 

Operation for Image Enhancement 

A set of pixels settled in rows and columns is called 
an image. In the evaluation and elucidation of image 
data, image processing plays a dynamic role. Image 
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enhancement is an austere and attractive field of image 
processing. In this study, in association with the 
morphological operation we applied cuckoo search 
algorithm. Firstly, to regulate the intensity and contrast 
parameters of the input image the cuckoo search 
algorithm is used. Then morphological operations are 
performed for the improvement of the image and 
lastly, a noise free image is attained. In detail the 
process is explained below. 

Let I be an image of dimension P×Q and by our 
hybrid technique it is to be enhanced. The image I which 
is in RGB color space is first converted into grayscale 
color space. The following Equation 1 signifies the 
transformation process: 
 

0.289 * 0.5870 * 0.1140 *gyI r g b= + +   (1) 

 
Now, R,G, B are the components of a RGB single 

image and Igr is the converted grayscale image. The mean 
of the transformed grayscale image Igr is calculated and it 
is used in the following process. The formula for 
calculating the mean µ of the image is given below 
Equation 2: 
 

1 1

0 0

p Q

p q

Ipq

P Q
µ

− −

= =
=

×

∑∑
 (2) 

 
The image is then applied to the Cuckoo Search 

Algorithm to get an enhanced image and the process that 
takes place in Cuckoo Search Algorithm is described 
briefly in the below section.  

Image Enhancement Based on Cuckoo Search 
Algorithm. 

Cuckoo Search (CS) is an optimization algorithm. 
Each egg in a nest represents a solution and a cuckoo 
egg represents a new solution. This algorithm is 
inspired by the aggressive reproductive strategy of 
somecuckoo species such as the Ani and Guira 
cuckoos. The aim is to use the new and potentially 
better solutions (cuckoos) to replace a not-so-good 
solution in the nests. These cuckoos lay their eggs in 
communal nests,though they may remove others’ eggs 
to increase the hatching probability of their own eggs. 
Quite a number of species engage the obligate brood 
parasitism by laying their eggs in the nests of other 
host birds. This algorithm works with three basic 
principles. First principle: Each cuckoo lays one egg 
at a time and dumps its egg in a randomly chosen nest. 
Second principle: The best nests with high quality of 
eggs will carry over to the next generation and third 
principle: The number of available host nests is fixed 

and the egg laid by a cuckoo is discovered by the host 
bird with a probability Pa∈[0, 1]. In this case, the host 
bird can either get rid of the egg, or simply abandon 
the nest and build a completely new nest. 

The third assumptions can be approximated as the 
fraction p of the ‘n’ nests is replaced by new nests (new 
random solutions). Many studies have shown that the 
flight behavior of many animals and insects has 
demonstrated the typical characteristics of Lévy flights. 
Lévy flight is defined as a random walk with the 
steplengths based on a heavy-tailed probability 
distribution. Consequently, such behavior has been 
emulated to optimization and global optimal search with 
a promising capability. 

In this study, the standard CS algorithm has been 
used to enhance its performance. In this case, when 
generating new solutions x (t+1) for a cuckoo i, a 
Levy flight integrating with controls the search ability 
is performed Equation 3: 

 
( )t+1 t

i ix x Le'vyα λ= + ⊕  (3) 

 
where, a>0 is the step size, which should be related to 
the scale of the problem of interest. The product ⊕ 
means entry-wise multiplications. In this research 
work, we consider a Lévy flight in which the 
steplengths are distributed according to the following 
probability distribution Equation 4: 

 
,(1 3)-λLe'vy tλ λ= < ≤   (4) 

 
Which has an infinite variance here, the 

consecutive jumps/steps of a cuckoo essentially form 
a random walk process which obeys a power-law step-
length distribution with a heavy tail. It is worth 
pointing out that, in the real world, if a cuckoo’s egg 
is very similar to a host’s eggs, then this cuckoo’s egg 
is less likely to be discovered, thus the fitness should 
be related to the difference in solutions. Therefore, it 
is a good idea to do a random walk in a biased way 
with some random step sizes. 

The above Fig. 1 Represents the entire process of 
image enhancement using CS algorithms and 
Morphological operations. By using CS algorithms and 
Morphological operations, the intensity parameters are 
adjusted and an enhanced output image is obtained. 
However, in our proposed method cuckoo search, we 
obtained a better solution. Then, morphological 
operations are performed for improving the image by 
adjusting the intensity parameters. The morphological 
operations are explained below.  
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Fig. 1. Proposed CS algorithm for Image enhancement 

 
Morphological Operations 

In this section, the contrast value of the image is 
improved by using the morphological operations. 
Here, the dilation process is performed by placing the 
constructing element of the image and descending it 
transversely to the image in a routine related to 
complexity. The output image is acquired by utilizing 
a structuring element in the input image. The value of 
each pixel in the output image is constructed by 
measuring the conformed pixels in the input image. 
By adjusting the contrast and intensity parameters, the 
image I is converted into binary form Ib. Then, by 
applying the Equation 5, an enhanced image is 
obtained through the morphological operation that 
utilizes the structuring element ‘se’: 

 

b bI Se = Se I⊕ ⊕   (5) 

 

Results 

In the working platform of MATLAB (version 
7.11), the performance of the proposed image 

enhancement is applied using a CS algorithm and 
morphological operation. The image enhancement 
process is tested with different images and the 
upcoming value have shown the performance of the 
proposed work. Primarily, by the cuckoo search 
algorithm the image is processed and then for 
improving the image, the morphological operation is 
implemented. Lastly, an enhanced image is attained. In 
discussion, in order to adjust the contrast value a CS 
algorithm is initially applied to the input images. It has 
been assessed until it selects an optimal contrast value. 
Later, morphological operation ‘Imdilate’ is applied. 

Figure 2-6 have shown the original images and its 
enhanced images version of our work. Table 1 
describes the performance of our proposed CS 
algorithm  work  and  previous existing works like 
GA, PSO, ABC respectively. In Fig. 7 shows the 
graphical representation of the comparison result. 
Here, our proposed work get 17.627926 and exitsting 
value give 16.0594, 17.113572, 17.334228 respectally 
and  the  performance  show  that  the   gloomy 
images are effectively improved with image 
enhancement technique using CS algorithms and 
morphological operations. 
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Fig. 2. Original baboon image and its enhanced image 

 

 
 

Fig. 3. Original scenery image and its enhanced image 

 

 
 

Fig. 4. Original Lena image and its enhanced image 
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Fig. 5. Original House image and its enhanced image 

 

 
 

Fig. 6. Original Man image and its enhanced image 

 

 
 

Fig. 7. Comparison of proposed work with our previous works 
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Table 1. Comparison of PSNR values of the proposed work and the previous work 

GA (Previous work) PSO (Previous work) ABC (Previous work) CS (Proposed work) 

16.8841 18.11698 18.65656 18.61738 
17.7551 18.06440 18.07211 18.71658 
15.0671 15.56377 15.76718 15.71828 
16.3827 18.71612 18.76172 18.85339 
14.208 15.10659 15.41357 16.23400 

 
Discussion 

Image enhancement algorithms offer a wide variety 
of approaches for modifying images to achieve visually 
acceptable images. The choice of such techniques is a 
function of the specific task, image content, observer 
characteristics, and viewing conditions. The point 
processing methods are most primitive, yet essential 
image processing operations are used primarily for 
contrast enhancement. 

By observing of this image enhancement by using 
a CS algorithm and morphological operation. The 
image enhancement process is implemented with 
different images and the upcoming value have shown 
the performance. In Fig. 2-6, have to used input image 
and output result with compare all previoue result and 
then for improving the image, the morphological 
operation is implemented. 

Digital observasions were done by matching the 
reconstructed frames in Fig. 2 to 6. Digitally, the 
dewarped enhanced result is closer to the original image 
compare to the enhanced image. It can be seen from 
Table 1, that the Image enhancement algorithms gives 
smaller PSNR value, hence we can conclude that this 
technique perform better than the original technique. 

Conclusion 

We have presented an image enhancement 
technique using CS algorithms and morphological 
operations in the digital world. In the beginning, the 
original color image was converted into grayscale 
image and then, the contrast value of the image was 
attained by calculating the fitness through CS 
algorithm. Later for further improvement, in order to 
improve the quality of the image the best contrast 
value of the image was selected and morphological 
operations were done by adjusting the intensity 
parameters. Finally, the grayimage was again 
converted into original color image without noise. 
Similarly, with the previous three works the proposed 
work was compared and it has proved to be more 
precise. The keeping of the parameters of our 
discusstion and approach to improving the image 
enhancement technique. Using MATLAB 7.11, the 
proposed approach was applied and its performance 

was valued. In relation to the simulation results, in 
terms of the accuracy of the solutions found the 
proposed approach performed well in a number of 
benchmark problems. 
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