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1. Abstract 
The objective of image fusion, is to make use of the complementary information in 

multiple images, to achieve a higher resolution and intelligibility. 

The fused images provide more comprehensive and more precise 

description, which is more suitable for human visual system and 

machine perception or further image-processing tasks. 

In this project, our goal is to obtain a single image, which 

presents better performance under several popular evaluation 

criteria, by fusing two multi focused images of the same scene. 

And applied it into a real practical situation——Android 

application. Multi-focus images are selected as main research 

targets during our study. Through analysis and comparison of 

different algorithms, we adopted Laplacian pyramid 

transformwhich focused on pixel level as our fusion methodology. 

Mobile computing is used, as the whole process is done on the 

mobile device without uploading to the cloud. The result of our 

project realizes the enhancement of reality, improves resolution 

and intelligibility and its application runs perfectly on the samsung cell phone. 

For the future work, preprocessing is required to done before image fusion, due to 

limitations and restrictions during imaging. For example, the different images to be fused 

might contain considerable noise or are not accurately taken from the same angle. under 

these circumstances, directly fusing images would cause significant impact on fused 

results. Hence, preprocessing, especially image matching and denoising, should be added 

to the android application for eliminating adverse factors of the image fusion. 

Ideal Procedure: 
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2. Introduction 
 

2.1 Background of image fusion 
 
With the rapid development of information processing technology, we are now 
living in an information society, and among various kind of information people 
obtain in their everyday life , 75% is received from vision, i.e. imaging information 
has already turned into a main carrier that people gain and exchange 
information. Thus, under large and growing demand on information data 
processing, how to quickly and efficiently handle massive image data has 
become a top issue to be solved. As a significant branch of image processing, 
image fusion also develops rapidly. With the explosive growth of visual 
information and the rapid development of image analyzing processing in both 
hardware and software fields, these achievements solidly lay a foundation of the 
research and application of image fusion.The objective of image fusion is to 
combine information from different source images of the same scene to achieve 
a new image which can provide much more visual information than the source 
images.Comparing with the source images, the visual information contained in 
the fused image is much more comprehensive and is much more convenient for 
people to do some subsequent works. Owing to the capacity to not only enhance 
the clarity of images and amount of visual information and improve but also 
improve the accuracy of extraction and analysis of image character, image fusion 
is widely used in military,remote sensing, agriculture, medicine and other fields. 
 

2.2 Hierarchicalclassification of image fusion: 
 
A recognized classification of image fusion divides into 3 levels, which are pixel 
level fusion, feature level fusion and the decision-making level fusion. 
 
In pixel level fusion[4,5], which is at the bottom of all image fusions, we process 
images in pixels with the original image data and are able to retain more original 
information. The image fusion based on pixel level can generate fused image as 
well as providing supports for the higher level fusion. Compared with the feature 
level fusion and the decision-making level fusion, in the pixel level fusion, the 
correspondence between original images is much more accurate which leads to 
it’s higher requirement of image matching Metric. The research and application 
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based on pixel level are far more widespread and represent a greater opportunity 
in the near term. 
 
The method of feature level fusion[8-10] process the point, edge, angle, texture 
and other characteristics extracted from the source images. These 
characteristics are used to fuse into the images effectively. The feature level 
fusion processing can providethe decision-making level fusion with supports. But 
not like the pixel level fusion, feature level fusion processing does’trequire the 
high image matching metric. Besides, since the feature level fusion processing 
merely contains the information of characteristics, the data size has greatly 
diminished which leads to it is easier to compress visual information and transmit 
data. 
 
The decision-making level fusion[12-15], which makes optimal decision based on 
the data information extracted from the pixel level fusion or the feature level 
fusion, is the top level of image fusion processing. The first step of decision-
making level fusion is the objective extraction and classification of several source 
images. Secondly, according to credibilitycriterion to process image after making 
decision aiming to a specific objective. The decision-making fusion is a artificial 
intelligence application based on a cognitive model, doing intelligent analysis and 
recognition. While doing decision-making level fusion, we can reduce both 
redundancy and uncertain information meanwhile retain the useful information of 
images to serve some subsequent works better.  
Image fusion should satisfy three aspects before we call it efficient[16]. First, the 
fusion image should retain all the characteristic information of the source images 
as far as possible. Second, should not bring any artificial or contradictory 
information in images while doing image fusion. Last but not least, should reduce 
the impact of the unfortunate characteristics of source images as possible.  

 

3. Approach 
 

3.1 Multi-scale Decomposition 
We have finished 2 important parts in our capstone design: 
The framework involves five different aspects of image fusion. The most basic of 
these, for example, is the MSD method. In previous research, the most 
commonly used MSD methods for image fusion were the pyramid transform 
And the discrete wavelet transform. 
MSD-based fusion schemes provide much better performance than the simple 
methods studied previously. Their good performance appears to be due to the 
following facts. 
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The human visual system is especially sensitive to local contrast changes, 
edge .Apparently, rapid contrast changes contain extremely useful information for 
the human observer.  
MSD provides information on the magnitude of rapid contrast changes in the 
image. 
MSD provides both spatial and frequency domain localization. 
 

3.1.1 LP(Laplacian pyramid) 
 
A pyramid structure contains different levels of an original image. 
These levels are obtained recursively by filtering the lower level image with a 
low-pass filter. 
We first make a Gaussian pyramid by filtering each level of image using a low-
pass filter and do the down sampling. As the level goes up, the image is getting 
smaller and smaller. 
The equation to get an upper level of Gaussian pyramid from a lower level is as 
follows: 

 
Where w is the low-pass filter we use. 
 
 
We input an original image: 

(size : 512*512) 
Fig 1 
This is what we get when k=1, which means that we filtered the original image 
once. 
Notice that the image gets blurred because we used a low-pass filter and the 
high frequency part of has been removed. 
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(size : 256*256) 
Fig 2 
The k-th level of Laplacian pyramid is obtained by first, upsampling the (k+1)-th 
level of Gaussian pyramid and do the low-pass filtering, then, subtract it from the 
k-th level of Gaussian pyramid. The equation is as follows: 

 
Where w represents a low-pass filter. 
With the same original image as above and the second level in Gaussian 
pyramid, we obtained the following image: 

Fig 3 (size : 512*512) 
Notice that the image is almost pure black, because after we do the subtraction, 
most pixels are near zero. 
The matlab code is as follows: 
function LLk = Lk(k,address) 
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Now, we do the reconstruction part to reconstruct the original image using the 
first level of Laplacian pyramid and the filtered, upsampled version of (k+1)-th 
level of Gaussian pyramid. 
The equation is as follows: 

 
Then we get the first level of reconstructed Gaussian pyramid: 

Fig 4 (size : 512*512) 

 
 
 
 
 
 
3.1.2 Discrete wavelet transform (DWT)  
 
The mathematical basis of the wavelet transform is the Fourier transform. In the  
wavelet analysis, the size of the window is fixed while the shape is changeable, 
as well as the time window and the frequency windows. Thus, wavelet analysis  
has  respectively better resolution yet worse time resolution in low frequency 

band，and vice versa. 

Discrete wavelet transform (DWT) is one of the most popular methods for the 
decomposition of an image, which has been widely used in a large number of 
researches.  
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The decomposition algorithm of DWT is shown below by Fig.5: 

The preceding result is applied to the next stage of 2-D DWT decomposition and 
this process is going to be repeated recursively in each stage. The low-pass filter 
h and high-pass filter g correspond to a particular type of wavelet used. 

 

3.2 Activity-Level Measurement 
 
In this part, there are three ways to finish activity measurement. 

(1) coefficient-based measurement  
(2) window-based measurement 

 

(3) region-band measurement  
   Vector p=(m,n,k,l) . k is the decomposition level and l correspond to each 
frequency band. 
   That is, l can be LL,HL,LH,HH. And for LPT MSD method, l is not used. As for 
m and n in (m,n,k,l) they are spatial position in given frequency band. 

   For the first methods（CBA）activity level is described by the absolute value. It 

is very easy to realize.  
   The second methods (WBA) is described by weighted average methods.Which 
means any activity-level of a typical frequency band and decomposition level are 
computed by and 3 x 3 or 5 x 5 zones.  
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   For the 3rd methods is named RF-WBA which is similar to second methods. 

     means to pick the i-th largest value in the set Q.  Where 

 
In RF-WBA i can be any value which was introduced in [38]. However, the 

paper let i=1.That is, we choose the largest value in the 3 x 3 matrix 
In the comparison of 3 methods to get better picture, we find the best way for 

image pepsi.tif (our test image) is the second methods. 

 
 

3.3Coefficient grouping method 
 
In this part,we know there are 3 different grouping methods which are no-
grouping,single-scale grouping and multiscale grouping. However,It is hard to 
realize .So we assume they are all NG in our experiment. 

 

3.4Coefficient Combining Method 
 
After finishing activity-level measure, what we need to do is fusing two source 
MSD representations to produce the composite MSD representation. 
The paper give us two methods: 
 (1) choosing max(CM) 
      CM method is a simple and direct algorithm to implement combining part 
which  have some advantages over other algorithm such as simple, easy to 
realized and fast. However, it can be unstable in some situation. 
 
This method is very simple. It can be described as: 

       
 
Where Ax and Ay come from activity-level measurement 
 
(2) weighted average(WA) 
     To increase stability , people figure out WA algorithm. It was created by 
Professor  Burt. New coefficients are not only based on one original coefficient 
but average of many points. 
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If Mxy is smaller than a threshold alpha then Wx=0, Wy=1 else if Mxy>alpha then 
 

    
Where Mxy(p) is defined as a normalized correlation averaged over a 
neighborhood of vector P show below 

 

     

 
3.5 Evaluation Criteria 
 
The fused images should be adjusted to human vision as far as possible since 
the result image after fusion is quite straightforward to the observers. Meanwhile, 
for the sake of obtaining better performance evaluation, we need a unified 
evaluation function of all kinds of fusion algorithms and fusion results. At present, 
there are mainly two evaluation methodologies consist of subjective measuring  
method and objective measuring method. 

 

 3.5.1. Subjective assessment 
 
Subjective measuring method is to evaluate the quality of fused images 
subjectively with human vision system. Generally, the observer is a particular 
aspect of specialist. We can easily evaluate the color consistency, images clarity 
and other features of fused image by this way. The downside of this method is 
the demanding requirements of the observers. Besides, since everyone has their 
own subjective opinions even the experts, the individual difference would have a 
great impact on the evaluation result.  

Fig 12 and Fig 13 
(a) image 1 

(focus on left)                           
(b) image 2 

(focus on right) 
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(c) fused image by DWT                              (d) fused image by PT 
Fig 14 and Fig 15 

 3.5.2. Objective assessment 
 
Precisely because of the inevitable impact of individual difference,  it’s necessary 
to figure out a method to evaluate the fused images in a objective and 
mathematical way, which is so called ‘Objective measuring method’. Objective 
measuring method overcomes the shortcoming of artificial factors and takes 
advantage of image statistics properties to establish a steady standard of 
performance evaluation. On the other side, it’s also beneficial for us to adopt the 
optimum method for different situations. 
 
 Evaluation based on statistical characteristics of image: 

(1) Standard Deviation 
It describes the degree of dispersion between the value of each pixel and the 
average value of image. Generally speaking, the greater the standard deviation 
value, the more dispersive the distribution of overall greyscale will be, the greater 
image contrast it will present. 

      (2-15) 

M is the width of the image, N is hight. I(x,y) represents the pixel value in (x,y), 
is average value of image. 
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Fig 16 
 
 
 
(2) Fusion Root Mean Square Error 
It shows the difference between two images. The smaller the value, the more 

similar it will be for the fused image  and reference image , the better the 
fusion performance. 
 

     (2-16) 

This method requires ideal reference image, however, which is difficult to obtain 
in general. 
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Fig 17 

(3) Average Gradient 

Average Gradient reflectsthe degree of clearness, which embodies the details and texture 

feature of the image. It uses the difference between adjacent pixels of x-direction and y-

direction, to represent the change lying in the details of fused image. Generally speaking, 

the greater the average gradient is, the more distinct the image shows. 
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Fig 18 
 
 
 
 
 Evaluation based on correlation of image: 

(1) Degree of Distortion 

DoD directly reflects the degree of distortion of fused images. 

 

 and  are gray-scale values of reference image and fused image 

at . 
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Fig 19 

(2) Correlation Coefficient 

it represents the degree of similarity between reference image and fused image.  
The closer that the value is to 1, the greater the correlation of two images will be. 

    (2-17) 

 and  are average value of fused image and reference image. 
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Fig 20 
 
 
 
 
 Evaluation based on SNR: 

(1) Signal to Noise Ratio 

It’s the ratio of power between signal and noise. The greater the value, the more 

information the fused image has. 

     (2-18) 
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Fig 21 

 Evaluation based onamount of information:  
(1) Entropy 
The famous founder of information theory, Shannon, proposed that the concept 
of Entropy can represent how much information is contained in signals. It’s also 
widely used to show the average amount of information of images in image 
processing field. For a image, grayscale value of every pixel can be considered 
as mutual independent. 

 

 represents the probability that the grayscale value of pixels in the image is , 

i.e. the ratio between the number of pixels whose grayscale values are  and The 
total number of image pixels . n is the total number of gray levels. 
 
 



 17/27 

Fig 22 
4. Results 
4.4.1 Java implementation 

Nowadays, mobile phones become very popular and play a vital role in our daily l

ife. With the growing popularity of mobile apps like Instagram, Facebook, Twitter,

 people are more likely to take photos by phones and upload them directly to the i

nternet nowadays, which led us to think that applications of image processing on 

mobile phones will surely have a good future. Given the fact that Android is the m

ost widely used mobile system, we decided to apply image fusion into android ap

plications. 
 
 
Our user interface is as follow: 
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Fig 23                                                                           Fig 24      
There are two file buttons                              When user clicks one button, 
and each of them will lead                             the gallery shows up and user 
user to the gallery of local phone.                 can choose photos from the gallery. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                  Fig 25                                                                      Fig 26 
When two images have chosen,              This is the fused image we finally get. 

it is time to click the “Fusion” button         Notice both blurred side became 

at the bottom of the interface.                   clearer after the processing. 
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Exceptions: 
 
Exception 1 :                                                        Exception 2 : 
When user choose two different                          When user choose two 
images of different sizes, the                               different image of same sizes: 
interface will show this error: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

              Fig 27                                                                           Fig 28 

Notice the “please choose two                         Our app can still process these 

same size images” at the bottom.                     two images, but the outcome 

                                                                          will be totally mess. 
 
Exception 3 : 
When user choose two same images of different sizes: 

 
 
 
As the size of these two images are different, the 

process can not be done, notice the “please choose two 

same size images” at the bottom. 

In the future, we are able to solve this problem using 
resize and image matching method. 
 
 
Fig 29 
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Different ways of blurred 
(1) left-right blurred 

  
                      Fig 30                                                          Fig 31 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                      Fig 32 
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(2) diagonal blurred 

  
                        Fig 33                                                           Fig 34 
 

 
                           Fig 35 
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(3) center-round blurred 
 

  
                     Fig 36                                                            Fig 37 
 

 
                        Fig 38 
 
 
 
 
 
To develop the app, we picked Eclipse IDE with a base workspace and a an 
extensible plug-in system for customizing the environment. Most of our works is 
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based on Java. As we had no experience with Java and eclipse previously, we 
had a hard time to pick it up from zero. We read plenty of entry-level materials to 
get familiar with the eclipse environment and began Java programming.  
  
problems we met while programming:  
 
problem 1 : How to design a low-pass filter?  
Solution : We import Java library of open CV and use filters inside that library.  
  
problem 2 : The open CV restrict the image we processing of size 1280*720, any 
image  
with larger size can not be processed by the filter and will lead to a breaking 
down of our  
application.  
Solution: we compress the image and resize it, so that we ensure that the size of 
image  
meets the requirement of open CV. 
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5. Cost analysis: 

 
Image fusion is an important building block for augmented reality (object recogniti
on) applications. As we know, large amount of information in our real society can
not be processed directly by machines, which requires a pre-
step to convert it into the specific form that can be recognized by machines. This 
mostly low-
tech and monotonous repetitive work was done manually for years. However,      
Image fusion and recognition, compared to the traditional way, provides a labor-
saving technology which can directly recognize interested information from real  
world and transform into something computers can process. Take bank check    
processing system for example, it’s the real application that image recognition    
already put into actual use. People used to bring checks to the bank, queue in     
front of    counters and wait for bank tellers to input all information into computers
 for processing. But through this technology, just taking a picture using cameras 
already available on phones can accomplish all the work and save needless       
effort and time. 
 
In addition, image fusion and recognition using cameras (sensors) already          
available on phones can replace RFID and OCR based object recognition current
ly used widely. Current technology requires maintaining databases as and when 
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objects are added and removed from the environment. Specifically, a radio-
frequency identification system uses tags, or labels attached to the objects to be  
identified, and particular readers to send a signal to the tag and read its response
. As our proposal (sustainable software that exploits already existing hardware)  
does not involve physical deployment of sensors it saves a lot of money on         
sensor hardware. Given the data offered on WikiPedia, In 2011, the cost of         
passive   RFID tags started at US$0.09 each; special tags, meant to be mounted 
on metal or withstand gamma sterilization, can go up to US$5. Active tags for      
tracking  containers, medical assets, or monitoring environmental conditions in   
data centers start at US$50 and can go up over US$100 each. Thus we can see 
sensors are definitely a large amount of expenses. For example, what image       
fusion and        recognition can save for a museum with 1000 objects each           
requiring a $5 sensor can reach up to $5000. 
 

6. Conclusion/Summary: 
We have finished 2 important parts in our capstone design: 
1.Research part(based on Matlab).  
We did simulation of two mainstream image fusion algorithms and quantitatively 
assessed the performance of fused images, which are mostly based on black 
and white multi focused images. 
The simulation contains three steps:MSD method,  Activity-level measurement, 
combining method. We first realized MSD method by PT and  DWT 
algorithm.Then we finished Activity-level measurement by 3 ways: Pixel-based , 
Windows-based,  Region-based.At last in combining method we implementedtwo 
algorithms: Choose max and Weighted Average. 
After successfully generating clear and distinct fused images, besides 
subjectively comparison, we adopted several popular criteria to assess the 
results. 
2. Application part(based on eclipse and java).  
After evaluation analysis, PT algorithm, Pixel-based and Choose max are chosen 
as steps of MSD method, activity-level and combining method, to be 
implemented. 
We designed user interface and converted PT algorithm into java ( we applied 
color image in application) and tested it on a samsung cellphone. 
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Figure used: 

Fig 1:Original image 

Fig 2:Original image filtered by a low-pass filter 

Fig 3:First level of Laplacian pyramid 

Fig 4:First level of reconstructed Gaussian pyramid 

Fig 5:Decomposition algorithm of DWT 

Fig 6-11:Comparison of 6 fused images with different activity-level measurement methods 
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Fig 12-13:Same image with different focus 

Fig 14-15:Fused by DWT and PT 

Fig 16:Standard Deviation 

Fig 17:Root Mean Square Error 

Fig 18:Average Gradient 

Fig 19:Degree of Distortion 

Fig 20:Correlation Coefficient 

Fig 21:Signal to Noise Ratio 

Fig 22:Entropy 

Fig 23-29:UI of android app 

Fig 30-38:Different kind of blurring and fused image 


