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Abstract: In this paper, a novel image fusion with top hat transform is proposed. There are three main steps 
of proposed approach: initially the multi focus images are fi ltered using morphological fi ltering with top hat 
transform. This fi lter output is carried to acquire to acquire the rough segmentation result. The fusion process can 
make the decision based on rough segmented focused & defocused regions. The experimental results validate an 
effectiveness of the proposed method over standard DWT based on the multi focus image fusion. The quality of 
proposed method is verifi ed with mutual information & quality factor. These measures prove the effectiveness of 
the proposed method. 
Keywords: Image fusion, Morphological operation, Top hat transform, Rough segmentation.

1. INTRODUCTION
The Multi focus image fusion is the process of combining various focal length captured images in to single 
image. The importance of fusion process is viewing and analyzing single image is more convenient and effi cient 
than a series of images. There is various multi focus image fusion algorithms are implemented in both spatial 
& transform domain [1]. The applications of image fusion are in offi ce automation, industrial automation, 
biomedical, remote sensing, satellite communication etc. The basic fusion techniques are pixel selection, 
addition, subtraction or averaging. The most important used transform domain fusion methods are based on 
multi-scale transform. 

The Examples of multi-scale algorithms include the discrete wavelet transform [2], gradient pyramid [3], 
dual tree complex wavelet transform [4], and so on.

 Recently, advanced transform domain analysis methods, such as curve let transform [5], contour let 
transform [6–9], log-Gabor wavelet transform [10], and support value transform [11], retina-inspired model 
[12] and sparse representation [13] are also applied to image fusion.
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 In spatial domain  pixels are directly involved in the fusion process. In few years, also various spatial 
domain fusion methods are proposed which can be divided into two categories: pixel based methods [14-16] 
and region based methods [17-20].

 Recently, the advanced multi scale transforms are ridge lets and curve lets [4]–[7]. This approaches 
are very different from wavelet-like systems. The basic elements are Curve lets and ridge let’s which exhibit 
very high directional sensitivity and are highly anisotropic. Therefore, by using curve let transform edges are 
represented  better than wavelets, and it is well-suited for multi scale edge enhancement [7]. 

The rest of this paper is organized as follows. The morphological fi ltering is briefl y explained in section 2, 
the proposed image fusion algorithm is described in section 3, the section 4, described experiment results and 
discussions. Finally, conclusion is given by section 5.

2. MORPHOLOGICAL FILTERING 
Morphological fi lters are as increasing idempotent operators and their laws of composition are proved. 
The collection of non-linear operations related to the shape or morphology of features of an image is grouped 
in morphological image processing, such as boundaries,skeletons etc. one of the important analysis stages in 
image processing is Mathematical morphology. The mathematical tools of morphology are very useful for 
representation and description and content is based on set theory.

Dilation, erosion, opening and closing are  the morphological operations. The morphological operations 
are performed on binary, gray scale and colour images.

The shape and size is different in morphological operation. This operation plays an important role in the 
structuring element. The Shape and size are defi ned by a number of 0s and 1s in the structuring elements.

Erosion and dilation are duals of each other with respect to set complementation and refl ection. [Ref.21]
Opening means erosion operation followed by a dilation operation. The opening process can be 

mathematically represented as 
 A ○ B = (A Ө B)  B (1)
Closing means dilation operation followed by a erosion operation. The closing process can be 

mathematically represented as
 A ● B = (A  B)  Ө B (2)
Top-hat transform: There are two different types of  top hat transform is white and black. The white top 

hat transform is defi ned as the difference between the input image and its opening by some structuring element. 
The black top-hat transform is defi ned dually as the difference between the closing and the input image. Various 
image processing tasks are used in top hat transform, like as feature extraction, background equalization, image 
enhancement and others.

Then, the white top-hat transform of f is given by :
 Tw(f ) = f – f ○ b (3)
The black top-hat transform of f is given by :
 Tb(f ) = f ● b – f (4)

3. PROPOSED METHOD
The Multi focus images are fused effectively with the proposed method. The morphological fi ltering of each 
source image is estimated by the focus information at the beginning.  There are two different source image 
regions that are the defi nite focused region, and defi nite defocused region.

The proposed fusion algorithm consists of mainly three steps. First step is the given source images, second 
step is the morphological fi ltering and third step is the rough segmentation and fi nally fusion process. 
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Figure 1: The block diagram of the proposed algorithm

Step1: The Multi focus images to be fused are considered [I1, I2]. The degradation of high frequency 
information is looks like unnatural image. In general focused and defocused regions are more important in high 
frequency information.

Step2: The high frequency information of source images are the input images are fi ltered with morphological 
fi ltering is measure. morphological fi ltering consists of two types of top-hat transforms: 

 dn
0 = In – In ° B (5)

Where n = 1, 2
 dn

c = In • B – In (6)
Where B is structuring element (fi ltering image)
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The fi ltered image is maximum value of the two transformed coeffi cients using equation 5-6 is given to 
the focus value of the corresponding pixel.

 Dn (x, y) = max{dn
0 (x, y), dn

c(x, y)} (7)
Step 3: The above fi ltered Dn images are follows the rough segmentation process. It segments into two 

regions with the use of fi ltered image, i.e., the following equations using the defi nite focused region, and 
defi nite defocused region. 

 Rn(x, y) = 11 D ( ) D ( )
0 otherwise

n nx, y x, y+
ì >ïïíïïî

 (8)

 Rn + 1(x, y) = 11 D ( ) D ( )
0 otherwise

n nx, y x, y+
ì >ïïíïïî

 (9)

The resulting segmented image where Rn(x, y) = 1 or 0 and Rn + 1(x, y) = 1 or 0  means that the point (x, y) 
of the source image in is in focus or out of  focus respectively.
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Step4:  The fi nal fused image is resolves based on the values of the above rough segmented regions i.e.:

 IF(x, y) = 1 1

1

I ( ) if R ( ) 1
I ( ) elseif R ( ) 1

I ( ) I ( )
otherwise

2

n n

n n

n n

x, y x, y
x, y x, y

x, y x, y
+ +

+

ì =ïïïï =ïíï +ïïïïî

 (10)

Paragraphs must be indented.  All paragraphs must be justifi ed, i.e. both left-justifi ed and right-justifi ed.

4. EXPERIMENTAL RESULTS AND DISCUSSION 
The proposed method executed with MATLAB 7.8.0software. The effi ciency of proposed method is verifi ed 
with various focal variant images. In morphological stage top-hat transform structuring element B is used. The 
fused images with proposed method are shown in the following fi gure. The fi gure shows top-hat morphological 
output, Rough segmentation output and fi nal fused image. The quality of proposed method is verifi ed with 
mutual information, quality factor and the results are tabulated in table-1.Standard DWT based fusion method 
is compared with the proposed method.

( ) ( ) ( ) ( ) ( ) ( )a b c d e f

( ) ( ) ( ) ( ) ( ) ( )a b c d e f

( ) ( ) ( ) ( ) ( ) ( )a b c d e f

Figure 2: (a), (d): input images-I1,I2; (b), (e): morphological fi lter output-Dn, Dn + 1 ; (c),
(f ): rough segmentation output Rn, Rn + 1; (g): fi nal fused image If .

Table 1
The Fusion methods performance measures based on PSNR

Images
Existing method Proposed Method

Mutual Information QAB/F Mutual Information QAB/F

Load 7.6779 0.5882 8.9463 0.8118

Disk 6.1514 0.5944 7.1591 0.6374

Clock 7.6922 0.5340 8.6352 0.7716
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Figure 3: Graphical Representation of various performance measures: (a) Mutual Information, (b) QAB/F

4.1. Mutual Information
Mutual information defi nes the mutual dependence of two two input images. Here, MI measures the information 
that reference and the fused image share: 

 MIRF = 
L L

RF
RF 2

1 1 R F

P ( , )P ( , )log
P ( ) P ( )i j

i ji j
i j= =

åå  (11)

Where PRF is the normalized joint gray level histogram of images Reference image (R) and Fused image 
(F), PR and PF are the normalized marginal histograms of the two images. 

4.2. Quality factor (QAB/F)
The metric QAB/F is defi ned as follows:

 QAB/F = 
( ) ( ) ( ) ( )( )

( ) ( )( )

N M AF A BF B
1 1
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 (12)

Where  QAF(n, m) = QAF
g (n, m) QAF

 (n, m) ; QAF
g (n, m) and QAF

(n, m) are the edge strength and 
orientation preservation values, respectively; n, m represents the image location; and N, M are the size of images, 
respectively. QBF(n, m) is similar to QAF (n, m). WA (n, m)  And WB(n, m) refl ect the importance of QAF(n, m) and 
QBF(n, m), respectively. 

5. CONCLUSION
This proposed method evolved the fusion of multi focus images using top hat transform. In the proposed method 
morphological processing and rough segmentation plays an essential role to isolate focus and defocused region. 
These isolated regions are managed to produce fi nal fused image. Unlike standard DWT fusion methods, the 
proposed method managed well with the focus and defocused regions of input images to generate fused image. 
The effi ciency of proposed method proved in term of visual perception and performance measures of MI & Q. 
in the future, it can further investigate the with other related images fusion methods.

REFERENCES
[1] S. M. Metev and V. P. Veiko, Laser Assisted Microtechnology, 2nd ed., R. M. Osgood, Jr., Ed.  Berlin, Germany: Springer-

Verlag, 1998.

[2] Mr. A.A. Goshtasby, S. Nikolov, Image fusion: advances in the state of the art, Information Fusion 8 (2) (2007) 114–118.

[3] G. Pajares, J.M. de la Cruz, A wavelet-based image fusion tutorial, Pattern Recognition 37 (9) (2004) 1855–1872.

[4] V.S. Petro Vic´, C.S. Xydeas, Gradient-based multiresolution image fusion, IEEE Transactions on Image Processing 13 
(2) (2004) 228–237.



442International Journal of Control Theory and Applications

Poda Sireesha, Ch. Hima Bindu and M. Haribabu

[5] J.J. Lewis, R.J. O’Callaghan, S.G. Nikolov, D.R. Bull, N. Canagarajah, Pixel- and region-based image fusion with complex 
wavelets, Information Fusion 8 (2) (2007) 119–130.

[6] E. Candies, L. Demanet, D. Donoho, L. Ying, Fast discrete curve let transforms, SIAM Multiscale Modeling and Simulation 
5 (3) (2006) 861–899.

[7] M.N. Do, M. Vetterli, The contour let transform: an effi cient directionalMultiresolution image representation, IEEE 
Transactions on Image Processing 14 (12) (2005) 2091–2106.

[8] Q. Zhang, B. Guo, Multi-focus image fusion using the non-subsampled Contour let transform, Signal Processing 89 (7) 
(2009) 1334–1346.

[9] S. Yang, M. Wang, L. Jiao, R. Wu, Z. Wang, Image fusion based on a new Contour let packet, Information Fusion 11 (2) 
(2010) 78–84.

[10] T. Li, Y. Wang, Biological image fusion using a NSCT based variable-weight method, Information Fusion 12 (2) (2010) 
85–92.

[11] R. Redondo, F. Šroubek, S. Fischer, G. Cristóbal, Multifocus image fusion using the log-Gabor transform and a multisize 
windows technique, Information Fusion 10 (2) (2009) 163–171.

[12] S. Yang, M. Wang, L. Jiao, Fusion of multispectral and panchromatic images based on support value transform and adaptive 
principal component analysis, Information Fusion 13 (3) (2012) 177–184.

[13] ] S. Daneshvar, H. Ghassemian, MRI and PET image fusion by combining IHS and retina-inspired models, Information 
Fusion 11 (2) (2010) 114–123.

[14] B. Yang, S. Li, Multifocus image fusion and restoration with sparse representation, IEEE Transactions on Instrumentation 
and Measurement 59 (4) (2010) 884–892.

[15] S. Li, J.T. Kwok, Y. Wang, Multifocus image fusion using artifi cial neural networks, Pattern Recognition Letters 23 (8) 
(2002) 985–997.

[16] Z. Wang, Y. Ma, J. GU, Multi-focus image fusion using PCNN, Pattern Recognition 43 (6) (2010) 2003–2016.

[17] H.A. Eltoukhy, S. Kavusi, A computationally effi cient algorithm for multi-focus image reconstruction, in: Proceedings of 
SPIE Electronic Imaging, San Jose, USA, 2003, pp. 332–341.

[18] S. Li, J.T. Kwok, Y. Wang, Combination of images with diverse focuses using the spatial frequency, Information Fusion 2 
(3) (2001) 169–176.

[19] S. Li, B. Yang, Multifocus image fusion using region segmentation and spatial frequency, Image and Vision Computing 
26 (7) (2008) 971–979.

[20] A. Agarwala, M. Dontcheva, M. Agarwala, S. Drucker, A. Colburn, B. Curless,David Salesin, M. Cohen, Interactive digital 
photomontage, ACM Transactionson Graphics 23 (3) (2004) 292–300.

[21] M. Zribi, Non-parametric and region-based image fusion with Bootstrap sampling, Information Fusion 11 (2) (2010) 
85–94.

[22] S.Jayaraman, S.Esakkirajan, T.Veerakumar, Digital Image Processing.


