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Abstract—RADAR Images are strongly preferred for
analysis of geospatial information about earth surface to
assesse envirmental conditions radar images are captured
by different remote sensors and that images are combined
together to get complementary information.
To collect radar images SAR(Synthetic Aperture Radar)
sensors are used which are active sensors and can gather
information during day and night without affecting weather
conditions.
We have discussed DCT and DWT image fusion methods
which gives us more informative fused image
simultaneously we have checked performance parameters
among these two methods to get superior method from
these two techniques.
Keywords—DCT, DWT, RADAR, Synthetic Aperture
Radar

I. INTRODUCTION
Image Fusion is one of the major research fieldsnage
processing. Image Fusion is a process of combitiieg
relevant information from a set of images, intoiagke
image, wherein the resultant fused image will bereno
informative and complete than any of the input iesmg
Image fusion process can be defined as the integraf
information from a number of registered images wiith
the introduction of distortion. It is often not pilsle to get
an image that contains all relevant objects in $odDne
way to overcome this problem is image fusion, iniclth
one can acquire a series of pictures with diffefecus
settings and fuse them to produce an image witbnebetd
depth of field. Image fusion techniques can imprdve
quality and increase the application of these datas
project report discusses the two categories of @nfagion
algorithms DCT based algorithm and the basic DWT
algorithm. It gives a literature review on some tbg
existing image fusion techniques for image fuside,l
primitive fusion (Averaging Method, Select Maximuand
Select Minimum), Discrete Wavelet transform based
fusion, Principal component analysis (PCA) basesiofu
etc.
Image fusion is the process of combining informatiimm
two or more images of a scene into a single conposi
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image that is more informative and is more suitdole
visual perception or computer processing.

The objective in image fusion is to reduce uncaetjaand
minimize redundancy in the output while maximizing
relevant information particular to an application task.
Given the same set of input images, different fuseaes
may be created depending on the specific applicadind
what is considered relevant information.

There are several benefits in using image fusioitemw
spatial and temporal coverage, decreased uncsttaint
improved reliability, and increased robustness ystesn
performance.

In applications of digital cameras, when a lensif®s on a
subject at a certain distance, all subjects atdistance are
sharply focused. Subjects not at the same distare®ut
of focus and theoretically are not sharp. It isenftnot
possible to get an image that contains all releghjects in
focus. One way to overcome this problem is imagofy

in which one can acquire a series of pictures wifferent
focus settings and fuse them to produce an imagle wi
extended depth of field. During the fusion proceskthe
important visual information found in the input iges
must be transferred into the fused image without
introduction of artifacts. In addition, the fusiahgorithm
should be reliable and robust to imperfections sagchoise
or misregistration. Image fusion is a branch ofadaion
where data appear in the form of arrays of numbers
representing brightness, colour, temperature, mistaand
other scene properties. Such data can be two-dioreais
(still images), three-dimensional (volumetric imager
video sequences in the form of spatial-temporalivas),
or of higher dimensions. In recent years, multiatai
imaging technigques have become an important soofce
information to aid diagnosis in many medical fiel&srly
work in image fusion can be traced back to the mid-
eighties. Jingling M. (2012) “Wavelet Fusion on iRat
Images for change Detection in SAR Images” present
novel method based on wavelet fusion for changectien

in synthetic aperture radar (SAR) images. The psedo
approach is applied to generate the difference én{&y)
by using complementary information from mean-ratia
log- ratio images. To restrain the background (anged
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areas) information and enhance the informationhahged
regions in the fused DI, fusion rules based on fteig
averaging and minimum standard deviation are chdsen
fuse the wavelet coefficients for low and high-freqcy
bands, respectively. Experiments on real SAR images
confirm that the proposed approach does better than
mean-ratio, log-ratio, and Rayleigh-distributionioa
operators.

Il. LITERATURE REVIEW
Burt (1984) [2] “The pyramid as a structure forig@fnt
computation” was one of the first to report the wde
Laplacian pyramid techniques in binocular imageidius
and later on Burt and Adelson (1987) [3] “DepthFafeus
Imaging Process Method” later introduced a new aggit
to image fusion based on hierarchical image decaitipn
at about the same time Adelson disclosed the use of
Laplacian technique in construction of an imagehvan
extended depth of field from a set of images takéh a
fixed camera but with different focal lengths. Lafeoet
(1989) [4] “Image fusion by a ratio of low pass ayrd”
used different pyramid schemes in image fusion Wwhic
were mainly applied to fuse visible and IR images f
surveillance purposes. Some other early image riusiork
are due to Lillquist (1988) [5] “Composite visiliieérmal-
infrared imaging apparatus” disclosing an appardtrs
composite visible/thermal infrared imaging, Ajjiraag
(1988) [6] “Neural network model for fusion of viée and
infrared sensor outputs” suggesting the use of ateur
networks in fusion of visible and infrared imagd&ndha
kumar and Aggarwal (1988) [7] “Integrated analysis
thermal and visual images for scene interpretation”
providing an integrated analysis of thermal anduais
images for scene interpretation, and Rogers €1989) [8]
“Multisensor fusion of RADAR and passive infrared
imagery for target segmentation” describing fusiof
RADAR and passive infrared images for target
segmentation. Use of the discrete wavelet transform
(DWT) in image fusion was almost simultaneously
proposed by Li and Chipman (1995) [9] “Wavelets and
image fusion” at about the same time Koren (199%)] [
“Image fusion using steerable dyadic wavelet” diésct a
steerable dyadic wavelet trans-form for image fusamd
also around the same time Waxman and colleagues
developed a computational image fusion methodology
based on biological models of colour vision andduse
opponent processing to fuse visible and infraredges.
The need to combine visual and range data in robot
navigation and to merge images captured at differen
locations and modalities for target localizatiord aracking
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in defense applications prompted further reseandmage
fusion
lll. SYSTEM DEVELOPMENT

a) Basic Image Fusion
An illustration of an image fusion system is shown

Figurel.The sensor shown could be a visible-bamdse
such as a digital camera. This sensor capturesrehle
world as a sequence of images. The sequence idubed

in one single image and used either by a humaratgreor

by a computer to do some task. For example in objec
detection, a human operator searches the sceneté¢otd
objects such intruders in a security area.

Sequence
]

Sensor
gcena

YYy

Fusian

Fig. 1. Basic Image Fusion System
This kind of systems has some limitations due te th
capability of the imaging sensor that is being usEde
conditions under which the system can operate, the
dynamic range, resolution, etc. are all limited the
capability of the sensor. For example, a visiblaebaensor
such as the digital camera is appropriate for ghils
illuminated environment such as daylight scenesiuabt
suitable for poorly illuminated situations found rithg
night, or under adverse conditions such as in fogio.

The image fusion techniques mainly perform a \Eagic
operation like pixel selection, addition, subtrantior
averaging. These methods are not always effectiveate
at times critical based on the kind of image under
consideration. Following aresome of the image fusio
techniques studied and developed as part of theqiro

b) Average Method
As the concept of information fusion arose fromithea of

averaging the available information. Image Fusilso aaw
a similar background, wherein the most simplistiaswo
fuse a set of input image was to average the pixel
intensities of the corresponding pixels. The fusedge
produced by this methodprojects both the good atodith
information from the input images. Due to the agarg
operation, both the good and the bad informatioe ar
minimized arriving at an averaged image. Thus the
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algorithm does not actually fuse the images pdsfethe
algorithm, being the simplest one, can be put i@ step as
the following:

1) Calculate the average
corresponding pixel of the pair of input images

c) Select Maximum Method
The Selection method is also one of the trivial ods of

image fusion. But unlike averaging method, instexd
averaging every corresponding pixel, a selectiacess if
performed here. The criterion of selection is safflained
by the name of the method. Of every correspondixgl p
of the input images, the pixel with maximum intéyss
selected and is put in as the resultant pixel ef firsed
image. Thus, effectively, every pixel of the fusieshge
will be the pixel with maximum intensity of the
corresponding position pixels in the input imageneO
advantage of this method over averaging methochas t
there is no compromise made over the good infoonati
available in the input images. A straight forwaeadestion
of the better pixel intensity is made here. Butaidirse, it is
combined with the disadvantage that higher pix&rigity
does not always mean better information. It depemdthe
type of image under consideration. Thus, you eita&e
the whole of the information or totally avoid thense. The
stepwise description of the algorithm is as thifeing:

1) Compare the intensity value of the corresponding

pixels of the input pair of images.
2) Generate the selection

condition being true and 0 otherwise

3) Multiply the corresponding value in the selection

matrix with first image matrix

4) Multiply the corresponding value in the negated

selection matrix with second image matrix.

5) Resultant image matrix id calculated by adding the

matrices calculated in 3 and 4

d) Select Minimum Method
The minimum selecting method, being yet anothetialri

image fusion method, is very similar to the Maximum

Selection method; except for, here, the selectiotera
differs as the pixel with minimum density is pickegb.
Thus, for every pixel position, the pixel of theséd image
will be the pixel of the corresponding position rfrathe
input set of images having the least pixel intgnsdlue.
Similar to the Maximum Selection method, this met'o
either completely considers the information fromiaput
image or discards it fully. No averaging or any repien of
the like is performed here. The quality of the dumsiis
specific to the type of image we are dealing wlithcertain
cases, say, images with dark shades would geregoed
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intensity value of each

fusion image with thismethod. The stepwise desiompof
the algorithm is discussed below.

1) Compare the intensity value of the corresponding
pixels of the input pair of images.

2) Generate the selection matrix based on the
comparison performed in 1, assigning value 0 for
condition being true and 1 otherwise.

3) Multiply the corresponding value in the selection
matrix with first image matrix

4) Multiply the corresponding value in the negated
selection matrix with second image matrix.

5) Resultant image matrix id calculated by adding the
matrices calculated in 3 and 4.

e) Fusion Techniques

Data fusion techniques combine data from diffesentrces

together. The main objective of employing fusiontds
produce a fused result that provides the most lédtaind
reliable information possible. Fusing multiple infaation
sources

matrix based on the
comparison performed in 1, assigning value 1 for

together also produces a more efficient

representation of the data.
There are three categories of data fusion:
i). Pixel / Data level fusion: It produces a fused imag

i).

ii).

which information content related with each pixel i
concluded from a set of pixels in source images.
Fusion at this level can be carry out either irtigbar

in frequency domain. However, pixel level fusion
may conduct to contrast reduction pixel level fasi®

the combination of the raw data from multiple seurc
images into a single image.

Feature level fusion: Feature level fusion requttes
extraction of salient characteristics which are
depending on their surroundings such as pixel
intensities, edges or textures. These analogous
attribute from the input images are fused. Thigoius
level can be used as a means of creating
supplementary amalgamated attributes. The fused
image can also be used for classification or dietect
feature level fusion requires the extraction ofadint
features from source data before features are merge
together

Decision level fusion: Decision level is a superior
level of fusion. Input images are processed
independently for information mining. The obtained
information is then united applying decision rutes
emphasize widespread interpretation decision level
fusion combines the results from multiple algorithm
to yield additional fused decision.

IV. USEDMETHODOLOGY

Discrete Cosine Transformatian
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Fig. 2: DCT Operation

Fig. 3: Colour Imageto gray scale image(A)

DCT operation is shown Figure 2. This experimeiastthe
method of 2-D Discrete Cosine Transformation (DGT)
first. The image should be gray scale before th&@ Barts,
after the gray scale transformation is completadt gtart
the process of 2 dimensions Discrete Cosine
Transformation (DCT) for each 8*8 blocks. The prxef
the RGB image transformed to gray scale image @sveh

in Figure 2 and Figure 3.

According to the Figure 3,the RGB image is dividetb
blocks with size of 8*8 pixel with blue colour inaglient,
the gradient scalar field is show the directionnfrdeft
(deep blue) to right (light blue). After gray scatlee RGB
image should be in gray colour, the gradient sclidéd is
show the direction from left (black) to right (ghayigure
4.showed the processing of gray scale, the image is
grouped by matrices of red, green and blue, andriverts

to one grey matrix. This matrix will be used in h®WT
transformation.
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Fig. 4: Colour image to gray scale image(B)
After the matrix of gray scale will process the two
dimensional Discrete Cosine Transformation (DCTigg

definition two dimensional of Discrete Cosine
Transformation (DCT2) is:
c(u,v) =x

(v) TN IN23 £ (o, y)[eos (FEa) cos (EERY)] (1)

The two dimensional Discrete Cosine Transformation
(DCT2) is defined that frequency of gray scale ki#oc
convert from spatial domain to frequency domain gath
the result of frequency matrix. Discrete Cosine
Transformation (DCT) has the characteristic of gper
compact. In the following steps, we will observee th
distribution of AC values by STD calculation.

Discrete wavelet Transformation

The discrete wavelet transform [10] is a spatiefjérency
domain disintegration that presents a bendable imult
resolution analysis of an image. In 1-D, the meéithe
wavelet transform is corresponding to the signal aas
superposition of wavelets. If a isolated signatasrespond

to by f(t) its wavelet decomposition is then

f(t) = Z m, nCm,n Pmn (t) (2)

where m and n are integers.

This guarantees that the signal is decomposed into
normalized wavelets at octave scales. For an rieeurs
wavelet transform supplementary coefficients a rara
mandatory at every scale. At each am, n and am-1,n
illustrate the approximations of the function ‘f at
resolution 2m and at the coarser resolution 2m-1
correspondingly while the coefficients cm ,n ilkade the
difference among one approximation and the otimeordler

to obtain the coefficients cm, n and am, n at esethe and
position, a scaling function is needed that is kirhyi
defined to equation (3.3). The convolution of tloalgg
function with the signal is implemented at eachlesca
through the iterative filtering of the signal wighlow pass
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FIR filter hn. The approximation coefficients a mat each
scale can be obtained using the following recursive
relation:

Amn = Zk hon—k@m-1 3

Where the top level a0,n is the sampled signdfitse
In addition, by using a related high pass FIRefilgn the
wavelet coefficients can be obtained by

am,n = Zk I2n-kAm-1 (4)

To renovate the original signal the examinatiotef§ can

be selected from a bi-orthogonal set which have a
correlated set of synthesis filters. These synshfiiters h
(m,n) and g(m,n) can be used to absolutely renotrse
signal using the renovation formula:

am—li(f) = Zn(th—lam,n(f) + an—lcm,n(f))) (5)

Equations (4) and (5) are implemented by filterizgd
subsequent down sampling. Conversely equation (3.4)
implemented by an initial up sampling and a subsetju
filtering. A single stage wavelet

A Discrete Wavelet Transform (DWT) is an transfofion
which the wavelets are discretely sampled.

The DWT of a signal x is calculated by passindnibtigh a
series of filters. First the samples are passeaxalgir a low
pass filter with impulse response g resulting in a
convolution of the two.

N Il
o~ toeffioents
~Hy1)—

-

_' g ‘-‘1 ;i _%@__N ”_.‘ hﬂ d
L :'} coeflcunts
I[ﬂ]" h{ﬂ] '[ 5}"_' lE\m‘i

excfhienents

Fig. 5: Threelevel Filter

At each level in the above diagram the signal is
decomposed into low and high frequencies. Due ® th
decomposition process the input signal must be kipteu

of 2n where n is the number of levels. Before psacef
Discrete Wavelet Transformation (DWT), the original
image should be converted into the gray scale first
similarly. After Discrete Wavelet Transform (DWT)
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transformation we get four sub bands, which are LL,
LH,HL and HH. From the Figure 4, the original image
shows in 4*4 blocks and the processing and comguie
shown in Figure 5. After the DWT, the standard d&gh

of frequencies in LH, HL and HH Will be calculatgdthe
following steps

20 [ 15 ] 30 | 20 35 [s0] 5 | 10
iz 16 31 22 33 53 1 9

15 | 18 | 17 | 25 — 33 |42 | -3 | -8

21 | 22| 15 | 18 43 [ 37 [ -1 | 1

Driginal Image

68 (103| 6 | 19 326|-38| 6 | 19
76 |79 | 4 | -7 16 |-32] z | -7
2 | 2] 4 1 . 2 3| a4 1
-10| 5 | -2 | -9 -10| 5 | -2 | -9

Vertical splir Results of DPWT2

Fig. 6: Result of DWT
Flowchart of DCT Image Fusion
As shown in flow chart, the function developed &fprm
the image fusion, has four basic blocks:
Block A: Images size checking.
Block B: RGB to Gray Conversion.
Block C: DCT domain fusion.
Block D: Inverse DCT transform

/ Image A / /ImageB /

‘I:- Compa:eSme —
Smm >—d Error Message

Block A
‘t’v 1
RGB o Gray
Block B Corversion
]
Block C AppivDCT
]
Blyck D Tnverse DCT

T

( Fuused Tnags:
N/

Fig. 7. Flowchart of DCT

Flowchart of DWT Image Fusion
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Fig. 8: Flowchart of DWT
As shown in flow chart, the function developed t&fprm
the image fusion has 4 basic blocks:
Block A: images size checking.
Block B: RGB to Gray Conversion.
Block C: DWT domain fusion.
Block D: inverse DWT transform

V. PERFORMANCE ANALYSIS

i.Mean square error (MSE)

MSE = # R X} (Ay; — By;)? (6)
Where,

m is the height of the Image implying the numbepixel
rows,

n is the width of the image, implying the numberpofel
columns,
Aij being the pixel density values of the perfeuage,

Bij being the pixel density values of the fused gma
Mean square error is one of the most commonly esext
projection method where, the error value is theueal
difference between the actual data and the regutiata.
The mean of the square of this error provides ther er
the actual difference between the expected/ideallteto
the obtained or calculated result.
Here, the calculation is performed at pixel levetotal of
m*n pixels are to be considered. Aij will be thexgi
density value of the perfect image and Bij beinat thf the
fused image. The difference between the pixel dgrofi
the perfect image and the fused image is squarddten
mean of the same is the considered error. MSE wallle
be 0 if both the images are identical.
ii. Peak Signal to Noise Ratio (PSNR):
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PSNR = 10l0gy, (M) @)

MSE

PSNR is defined as in the above expression. Thesally
projects the ratio of the highest possible valuthefdata to
the error obtained in the data.
In our case, at pixel level, the highest possilallel® is 255.
i.e. in a 8 bit gray scale image, the maximum pmesialue
is having every bitas 1! 11111111; which is eqoa255.
The error between the fused image and the perfegeé is
calculated as the Mean Square Error and the ratligevif
obtained. If both the fused and the perfect images
identical, then the MSE value would be 0. In thade; the
PSNR value will remain undefined.

iii. Normalized Absolute Error (NAE)

_ X, X7 (Ai-Bij)

NAE = Im Ej=(4if) ©)
Where , m is the height of the Image implying thenier
or pixel rows n is the width of the image, implyitige
number of pixel columns.

A(i,j)being the pixel density values of the perfenage.
B(i,j) being the pixel density values of the fusethge.

This is a metric where the error value is normalizgth
respect to the expected or the perfect data. Bhahé net
sum ratio between the error values and the pevidaes is
calculated. The net sum of the error value whiclihis
difference between the expected values and thealactu
obtained values is divided by the net sum of theeeted
values.

In our case, the metric is calculated in the pibealel
wherein the net sum of the difference between #méept
image and the corresponding pixel values in theedus
image is divided by the net sum of the pixel valireshe
perfect image. The Normalized Absolute value wdl4ero
(0) if both the fused and the perfect images agatidal.
iv. Normalized Cross Correlation (NCC)

_ ZE TR (4i-Bi))
NCC = YIS (A2 (20)

Where,

m is the height of the Image implying the nhumbepixel
rows

n is the width of the image, implying the numberpbfel
columns.

A(i,j) being the pixel density values of the petfanage.
B(i,j) being the pixel density values of the fusethge.
Here a cross correlation is performed between xpeaed
data and the obtained data and normalized withersp
the expected data. This is the ratio value betwesrsum
of the correlated of the expected and obtained aatbthe
expected data. It will be the ratio between the sugh of
the multiplied values of the expected and then inbth
values and the net sum of the squared expectedszalu
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In our case, the metric is calculated as the tziwveen the
net sum of the multiplication of the correspondipigel
densities of the perfect and the fused images hadnet
sum of the squared values of the pixel densitieghef
perfect images. The Normalized Cross Correlatiolueva
would ideally be 1 if the fused and the perfect ges are
identical.

VI. OBSERVATION AND RESULT
a. Dataset
To evaluate the performance of DCT and DWT for imag
fusion, Synthetic Aperture Radar image of Kolkaity s
considered. A dataset is taken from the website] [33
http://www.jpl.nasa.gov/radar/sircxsar/. A desddpt of
data set used for the experimentation is as foHolss
radar image of Kolkata, India, illustrates diffetamrban
land use patterns. Kolkata, the largest city inidnds
located on the banks of the Hugli River, shownhasthick,
dark line in the upper portion of the image. The
surrounding area is a at swampy region with a spital
climate. As a result of this marshy environment|kata is
a compact city, concentrated along the fringeshefriver.
The average elevation is approximately 9 metersf¢a0)
above sea level. Kolkata is located 154 kilomet@6
miles) upstream from the Bay of Bengal. Centralkétd is
the light blue and orange area below the rivehadentre
of the image. The bridge spanning the river at c¢hg
center is the Howrah Bridge which links central kadh to
Howrah. The dark region just below the river andhie left
of the city centre is Maidan, a large city park siog
numerous cultural and recreational facilities. The
international airport is in the lower right of thmage. The
bridge in the upper right is the Bally Bridge whiatks the
suburbs of Bally and Baranagar. This image is 30
kilometers by 10 kilometers (19 miles by 6 milesdds
cantered at 22.3 degrees north latitude, 88.2 dsgeast
longitude. North is toward the upper right. Thearslare
assigned to different radar frequencies and patags as
follows: red is L-band, horizontally transmitted dan
received; green is L-band, horizontally transmittaald
vertically received; and blue is C-band, horizdgtal
transmitted and vertically received. The image was
acquired by the Space borne Imaging Radar-C/X-band
Synthetic Aperture Radar (SIR-C/X-SAR) on October 5
1994, on board the Space Shuttle Endeavour. SIR-C/X
SAR, a joint

mission of the German, ltalian and United Statescsp
agencies, is part of NASA's Mission to Planet Earth
program.

Space borne Imaging Radar-C and X-Band Synthetic
Aperture Radar (SIR-C/X-SAR) is part of NASA's Mxs

to Planet Earth. The radars illuminate Earth with
microwaves allowing detailed observations at amgeti
regardless of weather or sunlight conditions. SIR-SAR
uses three microwave wavelengths: L-band (24 cm), C
band (6 cm) and X-band (3 cm). The multi-frequedaya
will be used by the international scientific comrityrto
better understand the global environment and hovs it
changing. The SIR-C/X-SAR data, complemented by
aircraft and ground studies, will give scientisteacer
insights into those environmental changes whiclcaresed

by nature and those changes which are induced mahu
activity. SIR-C was developed by NASA's Jet Projouls
Laboratory. X-SAR was developed by the Dornier and
Alenia Spazio companies for the German space agency

Fig. 9: Image
Deutsche Agentur fuer Raumfahrt angele genheiten
(DARA), and the ltalian space agency, Agenzia Spezi
Italiana (ASI), with the Deutsche Forschungsandhadr
Luft und Raumfahrt e.v.(DLR), the major partner in
science, operations, and data processing of X-SAR.
Here, the input images are pair of images, with afthem
being blurred on right hand side upper most comlgite
another image is blurred on left hand side uppestmo
corner.

Fig.10: ImageB
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Original Image 1 Osiginal mage 2

Fused Imape using DCT

Fig. 11: DCT Image Fusion

Onmnal image 1

Tused lmage uring DWT

Fig.12: DWT Image Fusion
b. Observations and Results:

Tablel. Performance Parameters

Performance Parameters
Peak Normali
. Signal Mean Normalised
Fusion sed
To Square CrossCorela
Metho ) Absolut .
q Noise | Error(MSE e Error tion
Ratio(P ) (NAE) (NCC)
SNR)
DCT 18.3991| 940.0878 0.49 1.4
DWT | 31.1174 50.2736 0.038 0.99
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Fig. 13: Performance Parameter (PSNR,MSE)

WDCT
WOWT

Performance Parameter

Fig. 14: Performance Parameter (NAE and NCC)

VIl. APPLICATIONS
In many applications area, the image fusion plags a
important role.
1.Military and civilian surveillance:
Reconnaissance, surveillance and targeting of ectsel
point as SAR can provide day-and-night imaging, to
distinguish terrain features and recognize militstaff. It is
also used for the non-proliferation of nuclear, el and
biological weapons
2.0n the Ocean:
Detection of sea changes, from man-made illegal or
accidental spills, the natural seepage from oilodép, the
detection of ships, the backscattered from theosegace
to detect wind or current fronts or internal wavés.
shallow waters it is able to detect bottom topobsalso
with the ERS altimeter, the scientists can define sea
bottom due the surface refraction has variationsthef
surface height, and eddies detection.
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If we talk about the wave mode sensor in the ERR SA
satellite, it can provide the scientists of oceaavev
direction to make wave forecasting and obtain nearin
climatology information.

At high latitudes, SAR can detect the ice stats, it
concentration, thickness, leads detection.

3.Land use change analysis

In forestry and agriculture, SAR images are really
important due the wavelength can penetrate thedslad
the most problematic areas, such as the tropicsijtarimg
the land and its state.

Geological and geomorphological features due theewa
can penetrate some vegetation cover and obtaimiation
about the surface covered by it.

To georefer other satellite imagery updating sohesnatic
camps more frequently.

SAR it is also useful to check the aftermath ofcd to
assess quicker the damages.

4.Crop stress detection

5.Assessment of deforestation

6.Disaster management (e.g., monitoring of changes during
flooding)

7.lce monitoring

8.Medical diagnosis and treatment

9.Urban planning.

VIIl. CONCLUSION
The two image fusion techniques were implementeadgus
MATLAB. The fusion was performed on a pair of input
RADAR images. The fused images were verified fairth
quality based on the image metrics developed asdaVi
perception was compared to assess the credibifitthe
image metrics. In this project two image fusionhtg@iques
based on transform domain, DCT and DWT are used. By
the means of the four image metrics developed - FPSN
MSE, NCC and NAE the Discrete wavelet transform
(DWT) was assessed as the fusion algorithm producin
afused image of superior quality compared to tlseréie
cosine transform (DCT).
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