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ABSTRACT

The technique of blending two images or more than two images which produces outcome as the composite

fused image. The obtained fused image is the upgraded version of original images because it has all the salient

information. The present applications makes majority usage of this fused image to speed up their processing

tasks in their respective fields. Recent real-time applications which require image fusion are remote sensing

applications, medical applications, surveillance application, photography applications etc. the broad

categorization of image fusion techniques are Non-transform domain or spatial domain and Transform domain

or frequency domain. This paper initiates with the introduction of image fusion. In the second section it

explains the analysis of multi-focus techniques. The third section explains hybrid image fusion strategy. Further

sections elaborates the taxonomy of image fusion techniques and their comparative analysis with results.
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I. INTRODUCTION

The method of aggregating two images or aggregating
additionally than two images which produces result as
the blended or fused image. The acquired fused image
is the upgraded version of source images because it has
all the salient information. The present applications
makes majority acceptance of this fused image to
accelerate up their processing tasks in their
corresponding fields. Recent real-time applications
that makes use of the image fusion technique are
remote sensing applications, medical applications,
surveillance application and photography applications
[13]. The afterward figure describes how image fusion

can be applicable to several areas.

Cl1025 |Published : 10- April -2018 | March-April - 2017 [(4) 5: 352-359]

In Figure 1, every image (a) (b) has left blurred section
and right blurred section respectively due to bad focus.
This bad focus is because of the constraint of the
optical lens i.e. it cannot capture all the objects in an
image due to varying focal lengths. And, image is the
after effect of the aggregation of two images by
applying the image fusion technique. This illustration
could be acclimated in a commercial advertisement

photo shot.
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(a) Left blurred Image (b) Right blurred Image

Figure 1: Example of Fused Image [10]

II. MOTIVATION

For the developing demand of the more clear as well
as the majority of realistic data in the images that has
gained attention to the number of researchers has
helped to the improved image fusion algorithms.
Image fusion subject is actually rapidly progresses
from last couple of decades as it even now necessities
the

technique that has been applied in varied recent many

up-gradation and improvement in fusion
fields such as Remote-sensing, medical diagnosis,
surveillance and photography applications. Image
fusion can be characterized as the design of mixing
two pictures alternately more than two pictures
which will produce an absolute informative fused
picture that might be in used for further examination
procedure or those fused pictures could be further
utilized within the above mentioned few recent real-
time applications. Objective of the image fusion
methodology is on to make images with very nearly
fewer distortions and also towards maintaining the
standards of the image in altogether aspects while

analysing with the source or the original images.

I am focusing around issue in the photography field in
which the imaging procedure includes taking a several
shots with distinct camera settings, which will be very
much time consuming. Therefore, how to incorporate
those multi-focus image fusion algorithms under
consumer electronics that will capture prominent
fused image in real-time scenarios may be the

inspiration for comprehending this challenging issue.

The proposed method that combines both the features
i.e. Multi-resolution and Multi-scaling that are of the
Transform Domain image fusion methodology. Multi-
resolution image Fusion technique is based on pixel
level fusion methods. Wavelet Transform is the faster
developed multi-resolution analysis image fusion
method [5].

representing images at different scales and different

Multi-scaling transform is capable of

directions [4]. Curvelet, Ripplet, Contourlet
Transform are multi-scaling geometric analysis image

fusion methods [2].

I11. ANALYSIS OF MULTIFOCUS IMAGE FUSION
TECHNIQUES

In Non Transform domain fusion, the image’s salient
features are not clearly visible because of the

following reasons:

It is affected by blurring effect which directly

influences on the contrast of the image [29].
It causes color distortion [28].

Complex and time-consuming which are not suitable

to be performed on real-time applications.

Due to the above limitations of the Spatial Domain or
Non-transform methods, we have formulated the
Research concept in the Transform Domain. There are
many advancement in the different Transform
methods, numerous sorts from the multi-resolution
transforms to numerous others, for example, the
Pyramid Decomposition, Discrete Wavelet Transform
(DWT), (CVT),

Transform Nonsubsampled

Curvelet Transform Contourlet

(CNT),
Transform (NSCT), Stationary Wavelet Transform

Contourlet

(SWT) and Dual-tree intricate wavelet [19] etc.
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Additionally, over the Transform Domain another
particular idea recently popular among researchers
known as the Multi-scale Geometric Analysis (MGA)
for high-dimensional signals have been developed.
Furthermore, various MGA tools have been suggested
such as the Ridgelet, Curvelet, Ripplet, Bandlet,

Brushlet and also Contourlet transform [25].

The idea for Transform Domain fusion methodologies
will be extensively used for image fusion nowadays
and for this motivation behind we have carried out
the

methodologies inside the same Transform Domain.

Literature Review of Multi-focus Fusion
The underneath tables highlights those papers read
about Multifocus image fusion which depicts about
the Method used for fusion, its Key Characteristics,

Merits and scope of improvement.
IV. PROBLEM DEFINITION

For Multi-focus image fusion we need to blend the
Wavelet the

Discrete Ripplet Transform and also, in the last step of

Discrete Transform. Furthermore,

the method we apply the image blocking strategy.

Multi-resolution image fusion technique are

dependent upon the pixel level combination strategies

whereas the Wavelet Transform is speedier formed

Multi-resolution analysis image fusion technique [14].
DWT provides for the exceptional as well as majority
of the data towards distinct resolutions. Multi-scaling
transform has been skilled about indicating to the
images during different scales as well as the different
[15].

transforms have been the multi-scaling geometric

directions Curvelet, Ripplet, Contourlet
analysis image fusion strategy [16]. DRT have been
outlined to exemplify the images at distinct scales and
also diverse directions. In the image blocking method,
every block for the fused image has been matched and
swapped for the first or the actual original block about
any of the input source image and hence consequently

enhances the visual aspect for the input images.
V. PROPOSED SYSTEM

The Figure 2 shows the Block Diagram of the last
Block of the Proposed DWT + DRT method. In this
first, the source images and the Initial Fused Image F1
are divided into Equi-Sized Blocks of size m x n. In
the next step, find out the Similarity values of the
source input images. Lastly, the generation of Final
Fused Image according to the chosen Highest
Similarity value among calculated SM values for the

source images.

Initial Fused
Image

Source
Image 1
\ Generation
Divided Find Out ;?f F";al
Into Similarity lr:iege
Source Equi- Measure According
Image 2 sized Value for _
To Highest
Blocked :Source Similarity
mages from Source
/ Images

Figure 2: Block Diagram of Proposed Image Blocking Method

VI. Algorithm of Proposed System

Step 1 - Take the input Multi-focus images X1....Yn.

Step 2 — Convert the Color Multi-focus images to

grayscale images.
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Step 3 — Normalize the input source images x1 to x
and y1 to y respectively, so as to carry out the further

calculations simpler. X =X1/255; Y =Y1/255;

Step 4 — Apply DWT to the input images by
performing single level DWT such that the images
have been decomposed to four sub-bands i.e. one low-
frequency sub-band and three high-frequency sub-
bands. (LL1, LH1, HL1, HH1) and (LL2, LH2, HL2,
HH?2) are the decomposed sub-bands of source images
X1 and Y1 after DWT is applied.

Step 5 — LL1 and LL2 are the wavelet coefficients
acquired from the input images after applying the
DWT in the previous step 4. The low frequency
coefficients gives high resolution and high spectral

quality contents from the input images.

Step 6 — After getting the wavelet coefficients apply
DRT to them to get the Ripplet coefficients DRX and
DRY.

Step 7 — Find map.

Step 8 — Apply inverse DRT.

Step 9 — Apply inverse DWT.

Step 10 — Get the Initial Fused Image F1.

Step 11 - At this point apply the Image Blocking
method. Here, partition the input images along with
the initial fused image F1 under equi-sized square
blocks whose size would be m x n. Then calculate the
similarity measure values(SM) of the relating sub -
blocks about input source images.

The greater the value of the SM indicates the high
similarity between images. If the similarity between
the input image block and the initial fused image
block is more, the greater is the probability which
implies that the output fused image blocks actually
comes from the input image block.

Step 12 — Lastly, get the required final fused image.

VII. RESULT ANALYSIS

Table 1: Comparative Analysis

Dataset | Existing | Propose | Existing | Propose | Existing | Propose | Existing- | Proposed
-RMSE | d-RMSE -MI d-MI -QA8/F | d-Q48/F | Execution -

Time Executio
n Time
Clock 2.0504 | 2.1097 |8.4205 |9.852 0.79962 | 0.79962 | 12.3545 0.59669
Desk 2.0904 1.2157 8.9649 | 9.8787 0.69966 | 0.8993 14.6108 0.59507
Doll 2.0242 1.1584 9.8427 10.0181 | 0.79989 | 0.79966 | 24.2843 0.93119
Jug 2.0109 | 2.1115 10.2328 | 11.1202 | 0.7999 | 0.89942 | 17.3735 0.67367
Lab 1.0822 1.3563 | 8.8617 10.937 0.6997 | 0.89958 | 13.9285 0.56707

Pepsi 2.0581 3.6725 7.7638 10.6814 | 0.69973 | 0.89953 | 10.403 1.3702

Rose 2.1107 1.1126 10.1751 | 10.9013 | 0.79961 | 0.79951 | 22.7544 0.96762
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Book 2.1496 2.23113 | 9.0729 10.4281 | 0.69978 | 0.79963 | 30.464 1.1328

MI == Existing M| =0=DWT+DRT-MI
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(a) Image A (b) Image B !
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Figure 5: Fusion Result Analysis for MI

Figure 3: Fused DWT + DRT

The Figure 3 shows the Initial Fused Image Results of
the Proposed Method for the Clock image.

ESSIM =8 Fxisting-FSSIM -~ =8=DWT+DRT-ESSIM
RMSE Existing-RMSE —8— DWT+DRT-RMSE
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Figure 4: Fusion Result Analysis for RMSE
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This section shows the above Result Analysis in the

Chart form of the compared Existing FDCT based
Image Fusion Method and the Proposed DWT + DRT
up to the Initial Fused Image Block. The following

. . . AB/F
Figure 6: Fusion Result Analysis for Q

Figure 4, Figure 5, Figure 6 and Figure 7 shows the
chart of RMSE, MI, l‘:.'g"‘l'E"f F and Execution Time.
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EXECUTION TIME =& Existing-Exe cution Time DWT+DRT-Execution Time
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Figure 7: Fusion Result Analysis for Execution Time

VIII. CONCLUSION

Several methods are available for Multi-focus Image
Fusion. All the spatial domain based methods have
side effects like reducing the contrast of the entire
image. But these are much useful and simpler in case
of high contrast and bright images. The disadvantage
of spatial domain approaches is that they produce
spatial distortion in the fused image. Spatial distortion
can be very well handled by frequency domain
approaches on image fusion.

Limitation of DWT is that it does not provide
directionality and anisotropy so it is not suitable for
Multi-focus Image Fusion. Limitation of DWT can be
overcome using DRT Transform. Also, the Limitation
of DRT method is that it does not provide multi-
resolution. So, the limitation of DRT can be overcome
using the DWT method. Hence, here Multi-focus
Image Fusion is implemented using combination of

DWT and DRT and we calculated the results up to

the Initial Fused Image Block of the proposed method.

The Experimental Results and Comparative Analysis

can clearly states that the Proposed Fusion
Framework gives superior results when compared to

Existing FDCT based Fusion method.

In future the implementation of Proposed Image
Fusion Method with Color images having more no. of
input images. Further, will apply the image blocking

method on the Initial Fused Image and will evaluate

the Hybrid Multi-focus fusion approach based on

evaluation metrics.
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