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1.3 Advantages of image fusion

High accuracy and reliability

o By evaluation of redundant information

o Requires sensors receiving identical properties of the scene/object
Feature vector with higher dimensionality

o By evaluation of complementary information

o Requires sensors receiving different properties of the scene/object
Faster acquisition of information

o Simultaneous data acquisition using multiple sensors

1.4 Organization of the thesis

The Thesis is structured as follows. Chapter 1 is about introduction and
applications of image fusion. Chapter 2 consists of problem statement and the literature
review of the fusion techniques like: Independent Component Analysis (ICA), Principal
Component Analysis (PCA), Intensity Hue Saturation (IHS), Wavelets and Heuristic
Computing techniques. Our purpose is to study these techniques and how they can be
used to generate fused image. In Chapter 3, we describe the detail understanding of
Genetic Algorithm (Heuristic Computing technique). In Chapter 4, Implementation of
Genetic algorithms discussed in detail along with the evaluation criteria. Finally the
results and comparisons on fused images are discussed. In Chapter 5 the conclusions and

the future work are discussed.



Chapter 2

Problem statement and Literature Review

2.1  Problem Statement

The requirement of image fusion in different application areas is increasing day
by day, as the existing equipments as well as the fusion schemes not fulfills the current
and near future demands, There are different types of problems in the effective
deployment of image fusion. Such as most of times, we required an image of high quality
with the diverse type of information of same object. Also the quality of fused image is
extremely dependent on the required application area. Some application areas of image
fusion are remote sensing, medical imaging and computer vision. All of these application
areas require different types of highlighted features (which are application specific) in the
fused image, while no one particular sensor alone grant the such requisite details.

Other problems in image fusion is that quality of fused image is rely on the experience of
operator, because in most of cases the image quality is evaluated on the basis of operator
personal experience with reference to some parameters. Increase in customized solutions
and requirements, lack of robust system are also the concern. With fast technological
developments more sensor available, which can easily interface with standard platforms,
developments in algorithms and generation of new requirements are challenging areas,

which significantly increases the research requirements in the field of image fusion.

2.2 Literature Review:

A single composite image can be achieved from the set of input images by the
procedure of image fusion. Resultant image, achieved past fusion must provide
meaningful information for machines and also good perception for human use. The image
fusion procedure can be accomplished with a lot of ways but they are categorically
divided in to pixel based, feature based and the decision based fusion. Among the many
variants, the mostly used techniques of image fusion are: Independent Component

Analysis (ICA)[8], Intensity Hue Saturation (IHS)[7, 9], Principle component Analysis



(PCA)[9], Multiresolution type methods like : Wavelet Transforms{10, 13, 16], and
Heuristic Computation Techniques(GA)[11, 12, 15].
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Intensity Hue Saturation based Image Fusion:

In Intensity Hue Saturation fusion method a low-resolution image of RGB space

is converted into the intensity, hue and saturation color space. Most of researchers

resample the I-band to give the similar resolution like multispectral image, before

conducting different fusions at this resolution level to produce a new intensity band [7,

9).the IHS based fusion is summarized as under (figure 2.1).

o}

First step is to registration of Panchromatic (PAN) image and Multispectral (MS)
image.

Re-sample the Multispectral image.

Transform Multispectral image from Red Green Blue color in to the Intensity
Hue Saturation space.

Next step is matching panchromatic image to the histogram of the Intensity part
of [HS.

Change the Intensity part by panchromatic image.

Switch the fused Multispectral image to the Red Green Blue color space for

resultant fused image.

[, H, 8 Transform

Input Image | ‘ ‘
—|  MS image LHS = PAN,H,S

—

inverse [HS

- T Replace

Input lmage 2 1 with PAN Fused MS
g PANimage | Histogruw |
match PAN to !

Figure 2,1: Image fusion Using IHS method
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2.24 Wavelet Transform Based Fusion

The concept of image fusion is defined as combining multiple modalities images
to a one version, by highlighting the characteristics of source images [10, 14]. An image
fusion algorithm should maintain all possible relevant information coming from the
source images and not add up any artifacts or inconsistencies (due to the process
involved) that could interfere with interpretation of finally fused image. In the final fused
image, the irrelevant information or noise should also be treated in such a way that they
are minimized to a maximum possible value [10, 14].

In wavelets transform based fusion method, we first convert the original source
images to wavelet domain by applying wavelet transform, perform different operations
(apply fusion rules) in wavelet domain and again back to the image domain by taking
inverse wavelet transform [10, 14]. When we decompose the input images we get two
types of image coefficients, These are the approximate coefficients and the detail

coefficients of the original images. The complete procedure is shown in figure 2.4.

Fusion
decision
map

— A
WT , Fused wavelet ~ Fused image
T Fusion rules  coefficient map

Registered Wavelet coefficient
source images map

Figure 2.4: Image fusion using wavelet transform.
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2.2.5 Heuristic Computing based image Fusion

Genetic Algorithm (GA) used to optimize the solution from large search space
problems. The working of GA is based on a set of likely possible solutions. These likely
possible solutions are called “chromosomes” in GA terminology. Each likely possible
solution has a fitness value, which is assigned by algorithm after completing the cycle.
These solutions are ordered in the population according to their fitness value, its means a
solution with high {(maximum or minimum, depending upon the nature of problem)
fitness value is the chosen for kept and promote to next step that is, participate in
reproduction. The remaining solutions which can’t participate in selection of new
generation are discarded. After make ordering to the fitness the next step is to expand the
randomness behavior of the GA, because the possible solutions are to be limited the more
the randomness by the Crossover mechanism. Crossover is the more beneficial as it
increase randomness otherwise the GA get stuck to the solution which is not optimal and
gives us wrong results. Similarly another mechanism called “mutation” is used in GA to
increase the randomness behavior of algorithm. The difference between the cross over
and mutation is that the crossover inter-changed the contents of likely possible solutions
whereas the mutation makes the unplanned and unsystematic changes in contents. The
mutation is necessary element as it plays re-generative role the building of GA, by
recovering the lost contents of data that may be discarded during the selection due to
ordering mechanism or crossover. This procedure continues until the optimal solution is
not found or pre-defined stopping criteria not met.

Genetic Algorithm is applied in image fusion for optimization of fusion
parameters [11, 23, and 24]. The major steps of genetic Algorithm are described as under

and also the flow chart of GA is illustrated in figure 2.6.

1. Define the number of Chromosomes, the generation and the crossover and
mutation rate.

Define the chromosome number of the population, and the initiatization by random.
Follow steps 4-7 until number of generation found,

Evaluate the fitness by checking the objective function.

(.h-h.l.,)!\.)

Make natural selection
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3.2.1 Working Methodology of Genetic Algorithm

The working methodology of Genetic Algorithm is as under {19].

3.3.2 Declaration of cost function.

Genetic Algorithm used to find the optimum solution .The problem which needs
to be optimized is declared in Genetic Algorithm as cost function along with some
parameters. These parameters are in form of vectors named chromosomes. A
chromosome is basically an array of variables and its dimension is depend upon the no of
variables. If chromosomes have Kx variables, given as b, ha, hj......... hKx then array of

chromosomes can be written as:[21]

Chrome = [hy, hyyevenennnnnnen, R 7.¢4| 1)

These variables have floating type values, every chromosome has a fitness

achieved by evaluation of cost function at variables &y, A2, #3.00000ues fKx

Cost_F = Func (Chrome) = Func [h;, hpe........ P, hKx) (2)

Including equations (1) and (2) with some constraint formulate the problem. As
genetic Algorithm is large search space method, so it must be restricted to look into
appropriate space. This problem is solved by either the defining the criteria for stopping

the algorithm or by searching in a logical reasonable space.

3.2.3 Generate Initial population

To start the Genetic Algorithm, the initial population must be described at
beginning. Let Kpops be the initial population of the with every row of 1x Kx
chromosomes. Population is corresponds to a matrix with rows of chromosomes Kx , the

complete matrix of Kpops x Kx can be generated by the equation no (3)

Pops = rand (Kpops X Ky ) 3)
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All variables values ranges from 0-to-1, because of normalization. If not so, then

normalized by equation 4.

where Kh is the highest value, KI is lowest value and Kpgppy is the normalized one.

In chromosome family there is no equality, they have no equal rights and even
they are not equally created. Every chromosome has its own repute (fitness) based on the
assigned value achieved during the evaluation phase. The evaluation phase consist of
passing all the variable through the cost function and checked at a given criteria [21].
From initial population, make a decision for separation good and bad chromosomes.
Good chromosomes are those, who participate in to the competition of production for the

next generation.

Kpops arranged according to the fitness values returned by solving the cost
function for each chromosome, with the highest fitness chromosomes keep at top. So
this process keeps running until fitness of all chromosomes not achieved and
development of population. After that, the only Kkepr out of Kpops are reserved for the
purpose of mating and remaining destroyed. This creates empty space for the newly
generated childs (off-springs in GA terminology) which are created after the mating

procedure,
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3.2.4 Make Pairing
A set of qualified chromosomes after passed through evaluation of objective
function are chosen for the purpose reproduction designated as parents. Every couple

has to produce two Childs (off-spring’s) that contains properties from each of them.

3.2.4 Mating

Mating means coupling or combining of chromosomes for the purpose
reproduction of new chromosomes. A couple of chromosome can be mate in several
different ways. The very simple way is to categorize a point for crossover, then inter-
change the contents of parents from this crossover point. We have the parents named

Parl and Parl defined in equations (5) and (6).

Parl = My, Mayooneoreenvvennen, MKx] (5)
Par2 =D, Dapeeereereneecrinnn DKx] (6)

Where the letters M and D represents the Mother and Father respectively. So the next
step is to produce Childs (off-spring’s), this task can be achieved by equation (7) and (8).

Ofsprgl = [KMy, KMiyeeeneevevrvnennenn MEKx] 0]
Ofsprg2 = KD}, KDyueooevrnvvvurennn. o DEX] (8)

3.2,6 Natural Selection

Natural Selection is a process by which chromosomes are privileged in a logical
manner for the purpose of reproduction [21]. It means that the chromosomes with good
fitness having more chance to survive by participate in reproduction also their properties
are transferred to the next coming generations while the chromosomes with bad fitness
discarded and does not participate and transfer their properties to the next coming

generations. GA works on the phenomena “survival of fittest”.
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Let us consider a case in which contents of two parents by equations (5) and (6) are

uniformly interchanged. So the new equations (9) and (10} becomes.

Ofsprngl = [KM}, KDy KMj.....ccoovunvnenenn. MKx] 9
Ofsprng? = |[KD;, KM, KD;.............. P ) J 4 (10)

The difficulty using this scheme is that no new contents are added only comes with
dissimilar combinations. However in binary variables case equations (9) and (10) perform

well. To create more randomness, must try some other mechanisms.

3.2.7 Mautation

Depending upon the type of function, there may be two types of function. One
may have only one optimal point or local minima and other type may have more than one
local minima’s . If we have one type of minima function then there is no problem but if
we have many minima’s type function. Then it must handled carefully to avoid fast
convergence. So other points of surface must also be checked and changed at random.
This random change is done by the mutation process. For this purpose, the numbers
generated at random are used with the rows and columns of variables. Mutation cause

difference in variable so new types of variable generated.

3.2.8 Next Generation

Now the initial population is reached at a stage where categorically there are two
types of chromosomes, one type is arranged according to the fitness values returned by
solving the cost function for each chromosome, with the highest fitness chromosomes
keep at top. Other type is the remaining bottom ordered chromosomes which can be
achieved by interchanged by childs after the mating of chromosomes. Now its time for
start of next generation so this process continue iterative manner whenever a optimum

solution is not achieved or some pre-defined stopping criteria reached.
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4.2

Image Fusion Using Genetic Algorithm

The fundamental steps in implementation of Genetic Algorithm are as under:

1.

ii.

iii.

iv.

Define the cost function and the variables. In case of entropy , 3 variables are
initialized. The detail of variables are as under

a. WeT = weights of the CT image
b. WpMR] = weights of the MRI image
c. E,rF = Entropy of fused image

Define the initial population by random numbers: The population is a matrix
of size 100x3 dimension, as each row is consist of three variables, weights of the

CT image, weights of the MRI image and Entropy.

Evaluate the fitness by checking the cost function: Every chromosome has its
own fitness based on the assigned value achieved during the evaluation phase.
The evaluation phase consist of passing all the variable through the cost function
and checked at a given criteria. From initial population, make a decision for
separation good and bad chromosomes. Good chromosomes are those, who

participate in to the competition of production for the next generation.

Make Pairing: A set of qualified chromosomes after passed through evaluation
of objective function are chosen for the purpose reproduction designated as
parents. Every couple has to produce two Childs (off-spring’s) that contains

properties from each of them.

Mating means coupling or combining of chromosomes for the purpose
reproduction of new chromosomes. A couple of chromosome can be mate in

several different ways. The very simple way is to categorize a point for crossover
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4.3 Evaluation criteria- Image fusion

The purpose of image fusion is to enhance the quality of image. The quality of fused
image can be checked by either two ways (1) compare the un-fused and fused image for
visually enhanced image or (2) depending upon some statistical data made comparison.

Evaluation criteria used in this thesis are explained in following sections.
43.1 Root Mean Square Error (RMSE)
The value RMSE can be calculated by equation 11. In which “0” is the reference

tmage and “F” is the fused image [23, 25].

Mathematically,

E= [-=2I(00,K - F(jk)? (i1)

First, we have computed RMSE between source images CT and fused image F by

equation 12.

E1= |;Z S ICTG K — FG k) (12)

Similarly, computed RMSE between source image MRI and fused image F by equation
13.

E2 = [[LT S(MRI(,K) — F(, k))? (13)

Finally the overall RMSE value acheived by equation 14,
RMSE= (EI+E2)/2 (14)

For better the fusion quality, the RMSE value should be smaller.
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4.3.2 Image Quality Index (IQI)
IQI used for measurement of similarity between the un-fused and the fused image
and is value ranges from -1 to 1[23].

Mathematically, given as in equation 15.

Q - '$252 "y 2,4 2 ( )
OxOpy X°¥° 030y

where@ and 7 is are mean value of images O and F, anda?, 0y? Oy Tepresents the

variance of O, F and covariance of O and F respectively.

4.3.3 Entropy

The amount of information contained in a image is referred as entropy. The fused
images entropy increases as the information from both source images and added [22, 24,

and 27]. Mathematically, entropy is usually given as in equation 16.

M-1 (16)
E= - P]log ZPj'
/=0

4.3.4 Peak Signal-to-Noise Ratio (PSNR)
Peak signal-to-noise ratio (PSNR) is basically the gap between the signal to the
noise. A high value of PSNR means signal is well separated from noise. It is a

ratio between the signal and the noise, it directly affects the image quality [22, 24,26].

As there is large variations in image, the PSNR is expressed in logarithmic scale.

Mathematically, the value of the PSNR is given in equation 17.

255

PSNR =10 logm

7
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4.4 Results and Comparison

There are numerous applications of image fusion including medical imaging,
remote sensing, and computer vision. This thesis focuses on two types of applications,
Medical imaging and remote Sensing. In medical image fusion section CT {Computed
Tomography) and MRI (Magnetic Resonance Imaging) images of human brain are used
Figure 4.1 (a) & (c). CT provides better performance on denser tissues like bones and
MRI shows soft tissue structure. While the fused CT & MRI images provide additional
information to doctor and clinical treatment planning system as shown in Figure 4.1 (e).

In remote sensing image fusion, we fused satellite SAR (Synthetic Aperture Radar)
images (Figure 4.1 (b))with optical images (Figure 4.1(d))to provide more accurate
information for intelligence and mission planning such as border surveillance, troops and
military installations deployment. This information may further be used for better battle
field management system as shown in table Figure 4.1 (f).

Usually various algorithms are applied and image fusion performance parameters
are evaluated to select the best suited algorithms. In this thesis we used images that are
already registered and different methods of conventional and artificial intelligence are
tested. Hence a hybrid approach is suggested in which evolutionary computing technique
named Genetic algorithm is applied along with discrete wavelet transform at pixel level
which gives us better performance as compared to conventional fusion methods alone.
We provide performance evaluation of proposed fusion algorithm on the basis of RMSE
(Root Mean Square Error), PSNR (Peak signal to Noise Ratio), Image Quality Index and
Entropy.
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For remote sensing images when we compare from table 2 for Root mean square
error (RMSE) measure the GA-DWT-Averaging fusion gives us best result, while the
GA-threshold gives more brighter result but some regions not fused. GA-Averaging also
performs proper fusion. These results also verified statistically from table 2 where the
value of RMSE is minimum among the all. When we make comparison for Peak signal to
noise ratio (PSNR) measure GA-DWT-Averaging fusion gives us best result, while the
(GA-threshold gives brighter result but some regions not fused. Here GA-Averaging
performs proper fusion, more accurate than GA-threshold. These results also verified
statistically from table 2, where the value of PSNR is maximum among the all. When
comparing for Image quality index (IQI) measure GA-DWT-Averaging fusion gives the
most suitable result, while the GA- threshold and GA- Averaging perform relatively less.
Finally when we make comparison for Entropy measure GA-DWT-Averaging fusion
gives us best result, while the GA-threshold and GA-Averaging results are comparable.
These results also verified statistically from table 2, where the value of Entropy is

maximum among the all.

Remote Sensing Images
GA_Average | GA_Threshold | GA_DWT_Average | Block Level DWT
Entropy 5.94 6.25 6.94 4.69 5.98
RMSE 20.68 22.19 2.68 23.76 11.65
PSNR 14.23 12.25 15.66 10.45 13.76
1Q1 0.54 0.66 0.92 0.34 0.78
Table 2: Comparison of statistics Image Fusion evaluation criteria
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Chapter 5

Conclusion and Future Work

5.1 Conclusion

This research work provides a good understanding of image fusion process.
We tested proposed algorithms on medical and remote sensing images. The purpose of
this thesis is to develop the improved image fusion techniques, We tested proposed
algorithms on evaluation criteria’s for image fusion like PSNR, RMSE, IQI and entropy.
Numerous image fusion techniques were explored and successfully implemented using
MATLAB. The visual quality assessment results are also compared with the statistical
data recoded during the experimentation but the visual perception is more important.

The implemented image fusion techniques ranges from very basic to advanced
level. They include Pixel level Averaging Method, Fusion using different fusion rules
(fuse- maximum, fuse-minimum, fuse-average, and fuse-random) on filtered images,
development of DWT based image fusion algorithm, block-level fusion schemes {with
block size of 4, 8, and 16) like DWT based block fusion and mean based block fusion,
and finally using GA three fusion techniques are proposed which are GA-Averaging
fusion, GA- threshold fusion and GA-DWT-Averaging fusion,

In development of block-level fusion it can be seen from results that the image
performance degraded due to the discontinuities and blocky artifact. It is observed that
wavelet transforms (DWT) fusion performs better others, because those techniques add
some artifacts in fused image, such as image degradation, poor contrast, information loss.
Also the Wavelet-based techniques works fine in preserving the key spectral information
and have more potential for image fusion as many image processing techniques can
easily be performed.

GA based fusion has been performed using different sensor images. The
healthiness of the proposed fusion techniques confirmed with images of medical (CT,
MRI images) and remote sensing images (optical and SAR images). Employment of GA
into the existing fusion techniques greatly enhances the fusion performance by finding

the optimal values of fusion parameters.

34









(13] Haribabu, M., Bindu, C. H., & Prasad, K. S. (2013).“4 New Approach of Medical
Image Fusion using Discrete Wavelet Transform”, International Journal on Signal and
Image Processing, 4(2), 21.

[14] Piella, G. (2003). “A general framework for multiresolution image fusion: from
pixels to regions " Information Fusion, 4(4), 259-280.

[15] Ahmed, T., Singh, D., Gupta, S., & Raman, B. (2016). “An efficient application of
fusion approach for hot spot detection with MODIS and PALSAR-1 data” Geocarto
International, 31(7), 715-738.

[16] Taher, G. M., El Taweal, G., Wahed, M. E., &Fouad, A. (2013). “fmage fusion
approach with noise reduction using Genetic Algorithm”, Intemational Journal of
Advanced Computer Science and Applications, 4{11).

[17] Goldberg, D. E. (1989). “Genetic aigorithms in search, optimization, and machine
learning”, 1989. Reading: Addison-Wesley.

[18] Nambiar, R., & Mars, P. (1992). “Genetic and annealing approaches to adaptive
digital filtering” Paper presented at the Conference on Signals, Systems and Computers,
1992,

[19] Le Moan, S., Mansouri, A., Hardeberg, J. Y., &Voisin, Y. (2013). “Saliency for
spectral image analysis”, IEEE Joumal of Selected Topics in Applied Earth Observations
and Remote Sensing, 6(6), 2472-2479.

[20) Mohanta, R. K., &Sethi, B. (2011). “A review of genetic algorithm application for
image segmentation”, Intemational Journal Computer Applications, 3(2), 720-723.

[21] Haupt, R. L., &Haupt, S. E. (2004). “Practical genetic algorithms”,John Wiley &
Sons.

[22] Sivanandam, S., &Deepa, S. (2008). “Genetic algorithm implemeniation using
matiab”, Introduction to Genetic Algorithms (pp. 211-262): Springer.

[23] Mumtaz, A., Majid, A., &Mumtaz, A. (2008). “Genetic algorithms and its
application to image fusion”, Paper presented at the 4th International Conference on
Emerging Technologies, 2008. ICET 2008.

[24] Erkanli, S., &Rahman, Z.-u. (2010). "Enhancement technique for uniformly and
non-uniformly illuminated dark images”, Paper presented at the 10th International
Conference on Intelligent Systems Design and Applications (ISDA), 2010.

37






