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Abstract—The paper presents a new multi—focus based 
image fusion method for enhancing the image processing 
component of the central computer system in the visual sensor 
network (VSN) for efficient surveillance and motion tracking. 
The proposed method is based on decomposing the input multi-
focus images using stationary wavelet transform (SWT). The 
wavelet coefficients are fused on the basis of the selected 
threshold value. The threshold value is selected on the basis of 
various parameters such asloss of correlation, luminance 
distortion, and contrast distortion. On the basis of these 
parameters and residual information of the input images, the 
fusion of wavelet coefficients is performed. The proposed 
fusion approach is analyzed on the basis of qualitative and 
quantitative measures. It is also compared to some of the 
traditional and non-traditional methods. The proposed method 
is capable of being incorporated in the real-time application of 
surveillance in VSN. 

Keywords—multi-focus image fusion, SWT, UIQI, 
surveillance, VSN. 

I. INTRODUCTION 

A VSN is a network where smart camera devices 
are spatially distributed. This network is skilled enough to 
process various individual images captured from different 
view location and fuses them to a single image which more 
informative and clear than the captured individual images. 
The network contains multiple cameras that are connected to 
one central computer of the VSN. These cameras are of 
different focal length. This feature of surveillance camera 
helps in acquiring the images with detailed information of 
all objects in the scene (near or far). The camera with the 
small focal length will easily and efficiently capture the 
objects near to camera andthe camera with the large focal 
length will easily and efficiently capture the objects that are 
far away from the camera. Through this network, the central 
computer will acquire multiple multi-focus images that 
carry mostly all the information of the scene. The system 
process and fuses these images into a single image that 
holds the complete information. VSNs are helpful in 
applications like surveillance, environmental monitoring and 
motion tracking. 

 

 
Fig 1. Sample working of surveillance cameras in VSN 

 
Surveillance is the monitoring of behavior, 

activities, or other changing information for the purpose of 
influencing, managing, directing, or protecting people. A 
better surveillance can be performed using an efficient 
multi-focus image fusion technique inbuilt in the central 
computer of the visual sensor network that processes 
multiple multi-focus blurred images captured from the 
multiple surveillance cameras and fuses them to a single 
clean image. Figure 1 shows the working of surveillance 
cameras in VSN architecture, as there are two cameras with 
two different focal lengths L1 and L2. In the scenario, the 
focal length of the cameras contains the following relation: 
L1>L2. Therefore the objects at the large distances are 
clearer in image captured from the camera 1 due to large 
focal length while the objects nearer to the camera 2 are 
captured clear due to small focal length of the camera 2. 

The central computer off the VSN that processes 
the entire captured images has unique image processing 
software that fuses these captured images into a single 
enhanced image that contains all the required information. 
Figure 2 shows the basic working of the central computer of 
the VSN architecture. 
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Fig 2. Multi-focus image fusion performed by the server computer of VSN 

 
There are certain tasks that are regularly used in the 

multi-focus image fusion techniques like addition, max, 
min, average etc. The multi-focus image fusion techniques 
are classified into two main categories i.e. spatial and 
transform domain techniques [1]. Some of the most 
frequently used techniques in spatial domain are weighted 
averaging method, Principal Component Analysis (PCA) 
etc. The advantage of spatial domain methods is its 
simplicity and less time complexity [3]. The disadvantage of 
these methods is low fusion quality, spatial distortion, 
introduction of artifacts and blurring. Sometime it 
introduces artifacts too [2]. On other hand, the transform 
domain techniques are frequently used and popular. There 
are mainly three steps used in transform domain i.e. firstly 
the wavelet transform is applied on input images that 
converts the input images into frequency coefficients, next 
step is to fuse respective wavelet coefficients using some 
fusion rule, Lastly, these updated waveletcoefficients are 
transformed back to the spatial domain to obtain the fused 
image using inverse method. Some of the frequently used 
transform domain methods are Pyramid based and wavelet-
based techniques like discrete wavelet transform (DWT), 
curvelet transform, SWT, contourlet transform 
etc.SametAyma, CemalKöse [3] proposed a hybrid approach 
for multi-focus mage fusion technique using spatial domain 
(PCA) and transform domain (SWT). VPS Naidu has a 
significant contribution in the field of image fusion. He 
proposed a multi-focus image fusion technique using DWT 
and PCA separately [4]. 

The article comprises of five sections. The section 
1 introduces the VSN, image fusion and their major 
applications i.e. surveillance. The section 2 describes the 
terminologies used in the article. Section 3 describes the 
proposed method. Section 4 describes and analyses the 
experimental results. The Section 5 concludes the article. 
 

II. DECOMPOSITION OF IMAGES USING SWT AND FUSION 

RULE 

The proposed method applies SWT on the input 
images. The SWT is also called as Undecimated wavelet 
transform or Algorithme à trous which is specifically 
designed to overcome the drawback of DWT i.e. lack of 
translation-invariance [13], [14]. The SWT does not 
decimate wavelet coefficients at every transformation level 
as shown in the Figure 3. 

 
Fig 3. Frequency band decomposition using SWT 

 
The working of SWT up to level 3 is shown in the block 
diagram in the Figure 4.Let x[n] is the multi-focus input 
image [16]. The SWT method is firstly applied on the rows 
and to the columns. It decomposes the x[n] into two parts 
i.e. approximate and detailed part [6]. The approximate part 
holds the average information of the input image denoted by 
LL. The detailed part consists of three subband i.e. 
horizontal, vertical and diagonal subband denoted by HL, 
LH and HH respectively. The LL contains the low 
frequency components of the image while HL, LH and HH 
contain the high frequency components of the image [15]. 
The maximum information is available in the detailed 
subband. If the required information is acquired till the level 
1, then process stops there, but if not then approximate part 
is further decomposed [17]. The process continues till the 
target is achieved. The fusion rule is applied using 
approximate and detailed part of the image. Lastly inverse 
SWT (ISWT) is applied to reconstruct the original image 
using of these sub-bands [7]. In the Figure 4, g1[n] and 
h1[n] are wavelet coefficients at level 1. Similarly, {g2[n], 
h2[n]} and {g3[n], h3[n]} are wavelet coefficients at level 2 
and 3 respectively [18], [19].  

 
Fig 4. Block diagram of SWT up to level 3 [5] 

 
The decomposed wavelet coefficients are fused 

using fusion rule that depends on the parameters like 
residual information, loss of correlation, luminance 
distortion, and contrast distortion. On decomposition the 
approximate component of the input images are fused using 
average operation as approximate component holds the 
residual information of the images [20]. The detailed 
components of the images are fused using the parameters 
like loss of correlation, luminance distortion, and contrast 
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distortion and these parameters are used to decide the 
threshold value depending on which the fusion rule is 
generated. These features are analyzed using Universal 
Image Quality Index (UIQI) metric [21]. UIQI [8] is product 
of three components: degree of linear correlation, closeness 
of mean luminance and its range lies in between 0 and 1. UIQI ൌ 	 σ୶୷σ୶σ୷ ∙ 2xതyതሺxതሻଶ ൅ ሺyതሻଶ ∙ 2σ୶σ୷σ୶ଶ ൅ σ୷ଶ 

(1) 
The respective detailed parts are correlated using 

correlation coefficient (CC) and compared with the 
threshold value. On the basis of this comparison, the fusion 
is applied [22]. The CC is calculated using below 
formulation: CC ൌ 	 ∑ ∑ ሺA୫୬ െ AഥሻሺB୫୬ െ Bഥሻ୬୫ටሺ∑ ∑ ሺA୫୬ െ Aഥሻଶ୬୫ ሻ൫ሺ∑ ∑ ሺB୫୬ െ Bഥሻଶ୬୫ ሻ൯ 

(2) 
The CC measures that how strong the two subband 

are related to each other. The value of CC lies between [-1 
to 1] range, where ‘1’ specifies a strong positive 
relationship, ‘-1’ specifies a strong negative relationship. A 
CC of ‘0’ specifies no relationship at all. 

 

III. PROPOSED MULTI-FOCUS IMAGE FUSION TECHNIQUE 

Step 1:X and Y are the input images. sym2 based SWT is 
applied on the X and Y up to level 1. The proposed method 
uses decomposition level = 1. 
Step 2:On applying SWT, X is decomposed to approximate 
part and detailed part i.e. [LL1, LH1, HL1 and HH1] and Y 
is decomposed to [LL11, LH11, HL11 and HH11]. 
Step 3:Apply averaging operation to fuse the approximate 
part of the input images. LLu = avg (LL1, LL11) 

Step 4:Apply below fusion rule on all the detailed part of the 
X and Y. 

T1 = UIQI (LH1, LH11) 

CC1 = CC (LH1, LH11) LHu ൌ 	 ൜max	ሺLH1	, LH11ሻ if	ሺCC1 ൑ T1ሻavgሺLH1	, LH11ሻ otherwise  

The T1 and CC1 are calculated using Eq. 1 and 2 
respectively. T1 is the threshold value. CC1 is the correlation 
coefficient between the vertical components i.e. LH1 and 
LH11. 

Step 5:Repeat step 4 for the horizontal [HL1 and HL11] and 
diagonal[HH1 and HH11] component.HLu and HHu are the 
fused and updated coefficients. 

Step 6: Apply inverse SWT. 

F = ISWT (LLu, LHu, HLu, HHu) 

Step 7: F is the final fused image. 

IV. NUMERICAL EXPERIMENT AND ANALYSIS 

The proposed methodology is tested on many gray scale 
multi-focus images of size 520×520 pixels [9], [10]. The 
results of proposed method are compared with some standard 

methods. The qualitative as well as quantitative analysis is 
performed. The qualitative measures are edge and corner 
preservation, smoothness in homogeneous areas, no artifacts 
generation. The quantitative parameters used to assess the 
fused image quality are standard deviation (σ), entropy (He), 
spatial frequency (SF).  

‘σ’ is the square root of variance. It measures the contrast 
in the fused image. The high σ indicates high contrast in the 
fused image which refers to high quality. It is evaluated by 
below Eq. 3. 

ඩ1N෍ሺx୧ െ xതሻଶ୒
୧ୀଵ  

(3) 

‘He’ is quality assessment parameter in order to measure 
the uncertainty of pixel values that can be used to illustrate 
the texture of the fused image. The high value of He 
indicates high quality of fused image. It is evaluated by 
below Eq. 4. െ	෍P୧LogଶP୧୧  

(4) 

‘SF’ is calculated by computing the row frequency (RF) 
and column frequency (CF) of fused image. The high value 
of SF indicates high quality of fused image. It is evaluated by 
below Eq. 5. ඥRFଶ ൅ CFଶ 

(5) 

The standard methods with which the results of proposed 
method are compared are Averaging, PCA [11], and DWT 
[12]. The sample dataset over which the fusion results are 
experimented are shown in the Fig 5 to 8. 

 
Fig 5. Dataset 1 
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Fig 6. Dataset 2 

 
Fig 7. Dataset 3 

 
Fig 8. Dataset 4 

 The qualitative analysis is performed in the Figure 9 to 
12. These figures show the fusion results of various fusion 
algorithms including proposed methodology. On analyzing 
the Figure 9 and 10 at pixel level by zooming, it is observed 
that there is blurriness at the edges of the images specifically 
in the Figure 9. The fusion results of DWT are better than the 
averaging method in terms of qualitative analysis. The fusion 
results of PCA are even better than the DWT. In the Figure 
11, there is smoothness in the uniform regions. The edge 
components are sharp and the brightness is bit higher. 
Comparatively, the PCA shows better results than DWT and 
averaging. 

 On analyzing the fusion results of proposed method in 
the Figure 12, it is observed that proposed method shows the 
best results in terms of edge preservation and smoothness. 
There is even no introduction of artifacts in the fusion 
results. On observing all the four images in the fusion results 
of the proposed method, it is seen that all the objects are well 
preserved and reconstructed. The proposed method shows 
the best fusion performance.  

 

 

Fig 9. Fusion results of AVG method 

 

 

Fig 10. Fusion results of DWT method 

 

 

Fig 11. Fusion results of PCA method 

 



978-1-7281-1253-4/19/$31.00 © 2019 IEEE 

 

 

Fig 12. Fusion results of proposed method 

 The Table 1 to 4 presents the quantitative analysis of 
fusion algorithms. The best fusion results are shown in the 
bold. The proposed method shows the best results among the 
all methods in terms of all quantitative metrics. It can be seen 
in the tables that the quantitative values of the proposed 
method is much better than all other methods. It is observed 
from the quantitative results that the overall contrast of the 
fused images of proposed method is higher which makes 
them sharp. The overall texture is also well maintained in the 
proposed method results. 

Table 1.Performance evaluation metrics to evaluate image fusion algorithms 
on dataset 1 

 σ He SF 

AVG 5.0091 0.0981 0.0320 

DWT [12] 6.1631 0.1110 0.0490 

PCA [11] 6.8503 0.1453 0.0512 

Proposed method 7.0086 0.1789 0.0550 

 

 

Table 2. Performance evaluation metrics to evaluate image fusion algorithms 
on dataset 2 

 σ He SF 

AVG 5.5134 0.1743 0.0300 

DWT [12] 6.0001 0.1991 0.0374 

PCA [11] 6.9812 0.2036 0.0412 

Proposed method 7.3003 0.2245 0.0514 

 

 

 

 

Table 3. Performance evaluation metrics to evaluate image fusion algorithms 
on dataset 3 

 σ He SF 

AVG 5.7241 0.1421 0.0481 

DWT [12] 6.8201 0.1874 0.0523 

PCA [11] 7.1203 0.1994 0.0600 

Proposed method 7.4563 0.2131 0.0612 

 

Table 4. Performance evaluation metrics to evaluate image fusion algorithms 
on dataset 4 

 σ He SF 

AVG 5.9756 0.1762 0.0431 

DWT [12] 6.7631 0.1952 0.0534 

PCA [11] 7.1392 0.2095 0.0694 

Proposed method 7.5641 0.2214 0.0712 

 

V. CONCLUSION 

In this article, a new multi-focus image fusion technique 
based on wavelet transform for VSN is proposed for the 
better surveillance application. The proposed method uses 
sym2 based SWT for decomposition of images. The fusion is 
performed on the wavelet coefficients using averaging and 
maximum rule. A new rule is formulated for the fusion 
purpose using averaging and maximum operations. The 
qualitative and quantitative results show the best 
performance of proposed method among the compared 
approaches. The fused image is visually analyzed using 
parameters like artifacts generation; edge and texture 
preservation and visibility of low contrast objects. The 
quantitative analysis is tested by using parameters like σ, He 
and SF. 
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