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Abstract: Multi-focus image fusion is a method of combining multiple images taking into account only the in-focus parts of the scene resulting in an "all-
in-focus" fused image. When one section has an object at near distance and other object at far away in a scene, then the camera can be focused on 
each focused object, generating a set of multiple images. Image fusion takes in-focus objects form each scene and generates an image with better 
focus. The objective is to retain the most desirable characteristics of each image. With the availability of visual sensor data, image fusion has been 
getting more attention in the studies for a wide spectrum of submissions. There are various multi focus image fusion methods been used nowadays. The 
paper proposes a multi-focus image fusion method using Directional Discrete Cosine Wavelet domain to adaptively perform image fusion by selecting 
most informative information. The proposed Directional Discrete Cosine Wavelet criterion outperforms conventional Discrete Cosine Wavelet criterions. 
Due to a simple process the Directional Discrete Cosine Wavelet based approach is suitable for use in real-time applications also. 
 
Index Terms: Directional Discrete Cosine Transforms, Discrete Cosine Transforms, Image fusion, Image processing, Multi-focus images, Visual Sensor 
Networks, Wavelet Transform.   

———————————————————— 

 

1 INTRODUCTION 
Image processing is a technique to transform an image into 
digital form and perform some actions on it, in order to 
acquire an enhanced image or to extract some valuable 
information from it. It is a kind of signal dispensation in which 
input is image, like video surround or picture and 
productivity may be image or features related with that image. 
Usually Image Processing arrangement contains giving images 
as two [1] dimensional signals while applying already set 
signal processing procedures to them. Multi focus Image 
fusion is process of combining information of multiple images 
of a scene and as a significance has "all-in-focus" image. Each 
section focuses objects at different [2] distances, the camera 
can be focused on each object one afterward the other, 
generating a set of pictures. Image fusion technique fuses an 
image with better focus sideways all zones. There are many 
multi focus image fusion approaches being used today. Most 
of these approaches were based on combining the multiscale 
decompositions (MSDs) of the source images. 

2 DIRECTIONAL DISCRETE COSINE TRANSFORM 

The discrete cosine transform 𝐶(𝑢, 𝑣) of a sequence 𝑓(𝑥, 𝑦) of 
length 𝑁 is defined as [3]: 
𝐶(𝑢, 𝑣) = 

𝛼(𝑢)𝛼(𝑣)∑ cos [
 (    ) 

  
]∑ 𝑓(x, y) cos [
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]   

   
   
    (1) 

For 𝑢, 𝑣 =  0,1,2, … ,𝑁 − 1. 
This property, known as separability, has the principle 
advantage that 𝐶(𝑢, 𝑣) can be computed in two steps by 
successive 2-D operations on rows and columns of an image 
[4]. Directional Discrete Cosine Transform has eight 
directional modes {0,1,3,4,5,6,7,8} of length N×N similar to 
modes used in H.264 codec. Modes 0 and 1 are same as the 
general 2D DCT. Mode 3 is diagonal down-left direction. 
Mode 4 is diagonal down-right and then flip the image 
horizontally and finally apply mode 3. Mode 5 is vertical-

right. Mode 6 is horizontal down and then transpose the 
image horizontally and finally apply mode 5. Mode 7 is 
vertical-left and then flip the image horizontally and finally 
apply mode 5. Mode 8 is horizontal-up and then transpose the 
image, and then flip horizontally and finally apply mode 5. 

3 WASH METRIC 

The WASH metric is used to compare the results of the 
proposed method with the previous approaches. The WASH 
metric estimates the perceived quality of an image using the 
concepts of sharpness and zero-crossing. Sharpness of an 
image as perceived by humans is determined by the sharpest 
regions in the image than the number of sharp regions. The 
sharp region is the highly attentive region in an image and is 
one in which the fine details are resolvable at multiple levels 
[5]. 

4 PROPOSED TECHNIQUE 

Consider two images having similar objects but focused out 
alternatively. Assume that these images were aligned using an 
image registration method. Figure 1 depicts the general 
structures of the proposed method for fusion of the two multi-
focus images. In proposed method, the source images are 
divided into 8×8 blocks. Then, directional DCT coefficients are 
calculated for each sub-block. Then the DDCT of 8×8 blocks 
are used to obtain artificial blurred blocks by low-pass 
filtering in DDCT domain. Vector processing method is used 
to pass the blocks through a low-pass filter in the DDCT 
domain [6]. We know that the difference between the sharp 
image and its corresponding blurred image is more than the 
difference between the unsharped image and its 
corresponding blurred image. Thus, the block that is from the 
focused image aggregates more details when it is passed 
through the low-pass filter. Thereby, the correlation between 
the corresponding blocks before and after passing through the 
low-pass filter has a lower value for the focused block than the 
non-focused block, thus, are more suitable for selection in the 
output fused image. Alternatively, the block energy is also 
useful criteria for the measurement of the image contrast in 
that region. The energy of input images for each sub-block is 
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calculated. The block that has the highest energy is selected as 
output image. A better output image quality is achieved using 
the correlation coefficient criterion for both energy 
measurements as explained above. Now that we have chosen 
the appropriate sub-block, we need to improve the quality of 
the output image and reduce the error due to unsuitable block 
selection by applying Consistency verification (CV) [6].  
Finally, the processed 8×8 sub-blocks in DDCT domain are 
fused to form one single image again after Inverse DDCT, 
resulting in focus fused image.  

 
Fig. 1. General block diagram of proposed approach. 

5 SIMULATION RESULTS 

The proposed algorithm is tested for different images. 
Experiments are conducted to compare the performance of the 
proposed approach with previous methods [6] using a 
bilateral gradient-based criterion, by individually 
incorporating them to perform image fusion. The parameters 
of the proposed criterion are experimentally similar to that set 
in the compared approach [6]. Three sets of images with 
different focus levels were used to compare the proposed 
approach, viz., book image, clock image and desk image. All 
the image sets are of different sizes and types and need not to 
be square. 
5.1 Book Image 

The book image is a set of two JPEG images with 
dimensions of 1280×960. Each image has two books with one 
book focused at a time in each image alternatively as shown in 
figure 2 and 3 respectively. Figure 4 shows the resultant fused 
image obtained using DCT + Correlation method [6] and 
Figure 5 shows the resultant fused image obtained using 
directional DCT + Correlation method. Similarly, figure 6 
shows the resultant fused image obtained using DCT + 
Correlation + CV method [6] and figure 7 shows the resultant 
fused image obtained using directional DCT + Correlation + 
CV method. 

  
Fig. 2. Book Image 1 Fig. 3. Book Image 2 

As seen from the fused images results, there are some 
undesirable side-effects like blurring in the DCT + Correlation 
methods. In the DCT + Correlation + CV fused images the 
ringing artefacts are clearly visible due to and unsuitable block 
selection. As seen from the resultant fused images, the 
blurring and blocking effects are minimal in DDCT + 
Correlation and DDCT + Correlation + CV methods, thereby 
enhancing the quality of output fused image and reduce 
unsuitable block selection significantly. 

  
Fig. 4. DCT + Corr. Fusion Fig. 5. DDCT + Corr. Fusion 

  
Fig. 6. DCT + Corr. + CV Fusion Fig. 7. DDCT + Corr. + CV Fusion 

Since, there is no ground truth image to evaluate the 
performance of proposed and previous image fusion 
algorithms, the objective performance comparisons are done 
using WASH metric. The results are shown in Tables 1, where 
one can see that the proposed approach always outperforms 
the previous criterion by producing the best objective 
performance. 

 
TABLE 1 

COMPARISON OF BOOK IMAGE USING WASH METRIC 

Test Image Previous [6] Proposed 

DCT + Corr. 29.2972 29.3350 

DCT + Corr. + CV 29.3341 29.3757 

 

5.2 Clock Image 

The clock image is a set of two JPEG images with dimensions 
of 512×512. Each image has two clocks with one clock focused 
at a time in each image alternatively as shown in figure 8 and 
9 respectively. Figure 10 shows the resultant fused image 
obtained using DCT + Correlation method [6] and figure 11 
shows the resultant fused image obtained using directional 
DCT + Correlation method. Similarly, figure 12 shows the 
resultant fused image obtained using DCT + Correlation + CV 
method [6] and figure 13 shows the resultant fused image 
obtained using directional DCT + Correlation + CV method. 
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Fig. 8. Clock Image 1 Fig. 9. Clock Image 2 

  
Fig. 10. DCT + Corr. Fusion Fig. 11. DDCT + Corr. Fusion 

  
Fig. 12. DCT + Corr. + CV Fusion Fig. 13. DDCT + Corr. + CV Fusion 

As seen from the fused images results, there are some 
undesirable side-effects like blurring in the DCT + Correlation 
methods. In the DCT + Correlation + CV fused images the 
ringing artefacts are clearly visible due to and unsuitable block 
selection. As seen from the resultant fused images, the 
blurring and blocking effects are minimal in DDCT + 
Correlation and DDCT + Correlation + CV methods, thereby 
enhancing the quality of output fused image and reduce 
unsuitable block selection significantly. Since, there is no 
ground truth image to evaluate the performance of proposed 
and previous image fusion algorithms, the objective 
performance comparisons are done using WASH metric. The 
results are shown in Tables 2, where one can see that the 
proposed approach always outperforms the previous criterion 
by producing the best objective performance. 

 
 

TABLE 2 
COMPARISON OF CLOCK IMAGE USING WASH METRIC 

Test Image Previous [6] Proposed 

DCT + Corr. 21.9605 22.6132 

DCT + Corr. + CV 23.3491 23.3981 

 

5.3 Desk Image 

The desk image is a set of two GIF images with dimensions 
of 640×480. Each image has a desk with a clock on top of it 
focused one at a time in each image alternatively as shown in 
figure 14 and 15 respectively. Figure 16 shows the resultant 
fused image obtained using DCT + Correlation method [6] 
and figure 17 shows the resultant fused image obtained using 
directional DCT + Correlation method. Similarly, figure 18 
shows the resultant fused image obtained using DCT + 
Correlation + CV method [6] and figure 19 shows the resultant 
fused image obtained using directional DCT + Correlation + 
CV method. 

  
Fig. 14. Desk Image 1 Fig. 15. Desk Image 2 

As seen from the fused images results, there are some 
undesirable side-effects like blurring in the DCT + Correlation 
methods. In the DCT + Correlation + CV fused images the 
ringing artefacts are clearly visible due to and unsuitable block 
selection. As seen from the resultant fused images, the 
blurring and blocking effects are minimal in DDCT + 
Correlation and DDCT + Correlation + CV methods, thereby 
enhancing the quality of output fused image and reduce 
unsuitable block selection significantly. Since, there is no 
ground truth image to evaluate the performance of proposed 
and previous image fusion algorithms, the objective 
performance comparisons are done using WASH metric. The 
results are shown in Tables 1, where one can see that the 
proposed approach always outperforms the previous criterion 
by producing the best objective performance. 

  
Fig. 16. DCT + Corr. Fusion Fig. 17. DDCT + Corr. Fusion 
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Fig. 18. DCT + Corr. + CV Fusion Fig. 19. DDCT + Corr. + CV Fusion 

Since, there is no ground truth image to evaluate the 
performance of proposed and previous image fusion 
algorithms, the objective performance comparisons are done 
using WASH metric. The results are shown in Tables 1, where 
one can see that the proposed approach always outperforms 
the previous criterion by producing the best objective 
performance. 

 
TABLE 3 

COMPARISON OF DESK IMAGE USING WASH METRIC 

Test Image Previous [6] Proposed 

DCT + Corr. 27.1728 27.2363 

DCT + Corr. + CV 27.2955 27.3113 

6 CONCLUSION 

A multi-focus image fusion method in the DDCT domain was 

proposed in this paper. The proposed approach exploits a 

Directional Discrete Cosine Wavelet criterion to adaptively 

perform image fusion by selecting most informative 

information from the input images. DDCT + Corr. was used to 

measure the changes present in image blocks through the low-

pass filter in the DDCT domain. DDCT + Corr. + CV improved 

the quality of the output fused image significantly and 

prevents undesirable blocking effects and block selection in 

the fused image. The proposed Directional Discrete Cosine 

Transform criterion outperforms conventional Discrete Cosine 

Transform criterions, as verified in our simulations using three 

sets of test images under one objective metrics, showing that 

resultant fusion technique is better than the previous method. 

Due to a simple implementation of the proposed algorithm in 

the DDCT domain, it is suitable for use in real-time 

applications. 
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