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Abstract—Pan-sharpening considers one of the most  greater quality that cannot be achieved otherwise. The exact
important applications for satellite images as it enhances spectral definition (meaning and measurement) of ‘greater quality’
and spatial information for the images. Empirical Mode relies the dedicated application [1].

Decomposition (EMD) is one of the most powerful techniques for .
pan-sharpening. It first decomposes the image into a set of R§cently, the development of earth remote sensing
Intrinsic Mode Functions (IMFs) and a residual component. satellites is mainly directed to enhancing the spatial and
These panchromatic and multispectral components are then spectral information [2]. As the spatial and spectral
fused to create an enhanced pan-sharpened image. This paper ~ information are two critical parameters for increasing the
presents an efficient hybrid method for enhancing pan-  image interpretation capability, fusion of spatial and spectral
sharpening of multiband images transmitted from satellite to resolution images improves the usage of satellite images. The
ground stations. The proposed approach combines this EMD  gsatellite image fusion of a high spatial resolution
technique with the most powerful conventional method; Discrete panchromatic (PAN) image with the high spectral resolution
Wavelet Transform (DWT), to maximize the pan-sharpening  myltispectral (MS) images is called “pan-sharpening” [3].
gain. The proposed hybrid method is validated using satellite
images of Nile Valley and Suez Canal region, Egypt, captured by Several techniques are applied for pan-sharpening such
Spot-4 and Landsat-8 satellites. The results imply that the Hue-Saturation-Intensity (IHS), multiplicative (MT), Brovey
proposed hybrid method provides better qualitative and Transform (BT), High-Pass Filtering (HPF), and Discrete
quantitative quality comparing with the individual and the most Wavelet Transform (DWT). These techniques may be
common pan-sharpening methods. categorized into some categories. In [4], Schowengerdt
classifies them into spectral domain methods, spatial domain
Keywords—DWT, EMD, image fusion, Landsat-8, pan-  methods, and scale space methods. In [5], Ranchin and Wald

sharpening, and Spot-4. classifies them into projection-substitution methods, and
relative spectral contribution methods. Finally, in [6], Aiazzi
I.  INTRODUCTION and Baronti classifies them into component substitution (CS)

Remote sensing satellites offer a huge quantity of data meth0d§, relatlvc? contribution _methods, and Multi-
that has various characteristics of temporal, spatial, Resolution Analysis (MRA) methods.
radiometric and spectral resolutions. However, several Although several techniques are developed, the
remote sensing applications (such image classification and conventional pan-sharpening techniques can distort the
feature extraction) require high spatial and spectral  spectral information of the multispectral data while merging.
resolutions at the same time in a single image. Nevertheless, These techniques improve the quality to some extent with
there are constraints to realize this issue by using satellites spectral distortion. IHS [3], and MT [7], as component
directly. By satellite imaging, two alternatives of visible  substitution methods, provide transcendent visually high-
images are available; panchromatic and multispectral.  resolution images but don’t care about the high-synthesis
The panchromatic images are transmitted with the maximum  requirements of spectral information. Therefore, as these
resolution while the multispectral images are transmitted  methods provide good visual interpretation, high-synthesis of
with coarser/lower resolution. Therefore, for the optimum spectral information is important for most remote sensing
benefit of these characteristics, the panchromatic image applications based on spectral signatures [8]. Relative
should be combined with the multispectral ones in a single contribution methods such as BT [9], and HPF [10-12]
image to convey more information. provide better performance in terms of the high-synthesis of
spectral information. More recently, the MRA methods such
DWT [9] and EMD [13] has been used in image fusion. It
was found that multi-sensor pan-sharpening is a tradeoff
between the spectral and spatial information as it enhances
the spatial resolution by structural injection.

Image fusion techniques authorize the integration of
different information sources all together to improve
information extraction. The main goal is to merge the
complementary multi-sensor, multi-temporal and/or multi-
view information into one image containing information of
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This paper provides an efficient hybrid method for pan-
sharpening enhancement of multiband images transmitted
from satellite to ground stations. The main idea of the
proposals is to hybridize the EMD with the most powerful
common fusion methods to emphasize/maximize the pan-
sharpening gain. This proposal combines the EMD with the
DWT. The proposed method is verified using satellite
images of Nile Valley and Suez Canal region, Egypt,
captured by Spot-4 and Landsat-8 satellites, respectively.
The results imply that the proposed method improve the
qualitative and quantitative quality comparing with the
conventional methods.

The rest of paper is organized as; Section 2 provides a
discussion of the traditional pan-sharpening methods with
simple comparison. Section 3 describes the proposed hybrid
method while the experimental results and the quality
assessments are illustrated in Section 4. Finally, the paper
conclusion is included in Section 5.

II. CONVENTIONAL PAN-SHARPENING
METHODS

This section presents the most common pan-sharpening
techniques including Intensity Hue-Saturation (IHS),
Multiplicative Transform (MT), Brovey Transform (BT),
High-Pass Filtering (HPF), and Discrete Wavelet Transform
(DWT) in addition to Empirical Mode Decomposition
(EMD).

A. Intensity-Hue-Saturation

IHS method is a standard pan-sharpening procedure, as a
component substitution category, with three MS bands.
Originally, it depends on the RGB color space. Meanwhile, it
transformed into THS color space. This color space is often
used because the visual human system treats these
components as roughly orthogonal axes. Then, the PAN
image is histogram matched with the intensity component.
After that, the intensity component is replaced with the
matched panchromatic image. Finally, the inverse-transform
of IHS to RGB is performed. The forward transform of this
method is carried out using (1), while the backward
transformation is carried out using (2), [3].

I=(R+G+B)/3

S=1-(min(R,GB)/I) ifI>0
$=0 ifI=0

(1)
H=

cos™|(R-1/,G—1/,B)/JRZ+ G + B*=RG—RB—GB| if G
>B

H=

360 — cos™ [(R =1/, G — 1/, B)//R? + G + B = RG — RB — GB|

ifB>G

R=1+1S*cos(H)/cos(60 — H)

G=1+1S+*(1—cos(H)/cos(60 — H))(2)
B=I1-1S

B. Multiplicative Transform

MT combines the two panchromatic/multispectral sets by
multiplying each pixel in each MS band by the
corresponding pixel of the PAN image [12]. For
compensation of the excess brightness values, the square root
of the resultant values is applied. The square root of the
multiplicative data reduces data to a components that reflects
the mixtured spectral properties of the two sets as follows

[7]:

MLTi,j,k = \/a X b X Pani‘j X MSi,j,k (3)

where the MLT is the resultant image, i and j are pixels
of band k, Pan and MS are panchromatic and multispectral
data respectively. Finally, a and b are weighting coefficients
to compensate for the high-brightness effect.

C. Brovey Transform

As a relative contribution category, BT method performs
the pan-sharpening by multiplying each MS band by the
PAN band, and then dividing each product by the summation
of the MS bands as follows [9]:

Ry =Pan *R/(R + G + B)
Gy =Pan *G /(R + G + B) @)
By, =Pan *B/(R + G + B)

D. High Pass Filtering

HPF method pertains to the relative contribution
category. It performs HP filtering of the PAN image to
extract the high frequency components, i.e. spatial details.
These components are then injected into the multispectral
images to produce the fused image with sharp characteristics
[10-12]:

Fusedypp = Panp,r + MS %)

Where: Panyis the PAN image after applying high pass
filter.

E. Discrete Wavelet Transform

DWT method is based on MRA that manages the
different image resolutions [9]. The DWT breaks down each
image into different coefficients containing its information.
Therefore, coefficients of PAN and MS images are combined
to get a new reconstructed image. The main drawback of this
technique is the ringing effects as it discards the low
frequency component of the panchromatic image,
completely.

F. Empirical Mode Decomposition

EMD is one of the most powerful techniques for pan
sharpening. It pertains to the MRA category. This method is
similar to the DWT in that it replaces the high frequency
components of MS with those that are from PAN. However,
the DWT decomposition is related to the predefined wavelet
basis while the EMD is a non-parametric data-driven process



that is not required to predetermine the basis during
decomposition.

The EMD approach first decomposes a nonlinear and
non-stationary signal into a series of Intrinsic Mode
Functions (IMFs) and a residual component [14]. They are
obtained from the image by a “sifting process” that produces
a signal that gets these properties. These components are
then fused in a specific way to create an enhanced pan-
sharpened image

The EMD method is mainly used for both one dimension
(1D) and two dimensions (2D) signal processing. The 1D
EMD is used for signal processing. Nevertheless, because
pan-sharpening deals with images, 2D EMD 1is more
appropriate.

One-Dimensional 1D EMD Technique:

The EMD technique was originally developed to
decompose one-dimensional 1D signals. Initially, the EMD
is used to decompose signals into limited IMFs and a
residual component. An IMF can be defined as a function
with number of signal extreme points equal to the number of
zero crossings or differs by one. The IMFs are got through an
iterative process that is called sifting process. The sifting
process works as follows [14]:

Step 1: Define the local maximal and minimal points of
the input signal A; ,(¢). Where, i is the IMF number and j
is the iteration number, and /4 ;)(?) is the input signal
X(@).

Step 2: Evaluate the overhead and down envelopes u;
H(® and I; 5(?) by interpolating the local maximal and
minimal points using cubic interpolation.

Step 3: Compute the mean envelope m; ;(f) using the
overhead and down envelopes.

_ [rap®@+iap©]

a ©)

Step 4:Subtract the ki ;(f) by the mean envelope to
obtain /f j+1)(2). If A j41)(?) satisfies the IMF requirement
, then h;;.1y(¢) is IMF(f). Then, subtract the original X(7)
by this IMF(f) to obtain residual r(f). The r(f) is
considered as the input for next iteration and then repeat
Step 1. If A j+1y(f) does not satisfy the IMF requirement ,
hg j+1)(f) is considered as the input data and then repeat
Step 1.

hij+1)(€) = hg jy () —m jy(0) (7

The stopping criterion for sifting process is when the
numbers of the zero-crossing and extreme points are the
same. The procedure is repeated until the residual 7(¢) is
smaller than a threshold value. Finally, the input signal
X(?) can be decomposed into several IMFs and a residual
r,(f) as shown in (8). Equation 8 shows that X(¢) can be
reconstructed from the IMFs and residual without
information loss.

X(t) = Xis IMF () +7,(8)

m, ) (t)

®)

Two-Dimensional 2D EMD Technique:

To apply EMD method to images, 2D EMD is developed
based on the original 1D EMD. The process of 2D EMD is
performed on rows and then columns. This method
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determines and interpolates the extreme points in the 2D
space. The 2D EMD process is different slightly from 1D
EMD as briefly described below [14-16]:

Step 1: Define the local maximal and minimal points of
the input image A, (. ¢q). Then, perform the cubic
interpolation for overhead and down envelopes ur; (p,
q) and Ir; (p, q) along rows and uc (p, q) and lc(; H(p,
q) along columns. Where, i represents the IMF number
and j represents the iteration number. Initially, /¢ 1)(p, q)
is represented by the input image X(p, g).

Step 2:Calculate the mean envelope my; »(p, ¢) using the
overhead and down envelopes along rows and columns,
as shown in (9).

ur ;) (0,9)+r i jH(p.q)+uc i jH(p.g)+He i j)(0.9)
m(i,j)(p’ q) — [ J J " J J ]
)

Step 3: Subtract the 4 ;(p, q) by the mean envelope to
obtain  hg ;y(p, ¢), as shown in (10). If m; »(p, q)
satisfies the IMF requirement , then A, ., q) is
IMF{(p, q) and subtract the original signal by this IMF(p,
q) to get residual r(p, q). r{p, q) is considered as the
input for next iteration and then Step 1 is repeated. If m;
@, q) does not satisfy the IMF requirement , 4 ;+1)(p, q)
is treated as the input data and then Step 1 is repeated.

h(i,j+1)(px qQ = h(i,j)(P: qQ) — m(i,j)(p: q) (10)

The stopping criterion for sifting process is when the
envelope mean signal is close to zero. The sifting process
is repeated until the residual 7(p, ¢) is smaller than a
threshold value. Finally, image X(p, ¢) shall be broken
down into several high to low frequency IMFs and a
residual 7,(p, ¢) as illustrated in (11). Equation 11 also
demonstrates that the original image can be reconstructed
using IMFs and residuals without losing information.

X(p,q) = Xi=1 IMF;(p,q) +1,(p, @)

(11)

III. PROPOSED APPROACH

This section presents an efficient hybrid method for pan-
sharpening enhancement of multiband images transmitted
from satellite to ground stations. The proposal combines the
2D EMD with the DWT method. Hybrid Method using 2D
EMD combined with DWT has been used for another
application (classification of images) using support vector
machines (SVM) [17].however, hybrid method using 1D
EMD with DWT have been used for ECG and EEG signal
denoising [18].

A. Hybrid EMD-DWT Method

The hybrid EMD-DWT method compromises the
benefits of the 2D EMD and the DWT pan-sharpening
techniques. These two techniques belong to the MRA pan-
sharpening category. The EMD-DWT hybrid method works
as follows.

Step 1: Apply a single level discrete wavelet transform to
PAN and the different MS images to extract their
approximation and details coefficients matrices.

Step 2: Define the local maximal and minimal components
of detail coefficients of the PAN image pang j(Pew qen),
pan(i, j)(pcv: qcv)s and pan(i, j)(pcd’ ch) and preserve the



approximation coefficient of MS images after its resampling
to the PAN image size cal, ca2, and ca3. Then, perform the
cubic spline interpolation for overhead and down envelopes
of details coefficients of the PAN image ur; (pcn qcr) and
IrG, ) @ew Gen)s urG, )Pew qev) and v j(Pew gev), and ur y(Pea
gea) and Ir j(Pea qcq) along rows and ucq )(Per qen) and leg,
HDens qen)s uc j)(pcv: gev) and lC(z‘, HDew Gev)s and uci, (Pea
qea) and I j(Pea qeq) along columns.

Step 3: Calculate the mean envelope m (Pew Gen)> M j(Pew
qev), and m; ;(Pea qeq) for the PAN details coefficients using
the overhead and down envelopes along rows and columns,
as shown in (12).

[ ur(i,j)(pch' QCh) + lr(i,j)(pch' qch)
| +uce jy@chr Qen) + LcjyPens Gen)
4

m(i,j) (pch' qch) =

[ ur(i,j)(pcv' qcv) + lr(i,j)(pcv' qcv)
_+uc(i,j)(pcv' QCV) + lc(i,j)(pcv: qcv)
4

ma,) (pcw qcv) =

[ urjyPedr 9ea) + rjyPeds dea) ]
| +uc j)(Pear Gea) + e jyPear 9ea)
4

m(i,j) (pcd 1 qcd ) =

(12)

Step 4: Subtract the pang j(Pew gen), pang yPew qev), and
pang, (Pea qeq) by the corresponding mean envelope to

Obtain pan(i, j+1)(pchr qch): pan(i, j+1)(pcv, qcv)a and pan(i, jH)(pcd;
q.q) for the PAN details coefficients as shown in (13).

pang j +1)@ch, Gen) = pang jy@chs 9en) — My Pens Gen)
pangj+1) (pcv' qcv) = pan(i,j)(pcv' qcv)

_m(i.j)(pcvv qcv) (13)

pang ;1) Pear Gea) = Pan,jy®Pca, Gea) — M) Ped> 9ea)

For the PAN details coefficients, if mg (Pen qen)> M, jPew
qev), and/or m; )(Pea qcq) satisfies the IMF requirement, then
pang, j«1Pew qen)s PaNG, j+1)(Pew 4ev), and/or pang, ji(Peas qea)
is the ]MFi(pch; qch): ]MFi(pcv; qcv)a and/or [MFi(pcd: ch)
respectively. Then, subtract the original signal by IMF(p.,
qen), IMF(p.,, q.), and/or IMF(p.., q.;) to get residual
iPer qen)s "iPew 4ev), and/or r(p.qs, q.q) that is considered
the input for next iteration and then go to Step 2. If my
j)(pchy qsh)a my;, j)(psv: qcv)s and/or m;, j)(pcd: ch) does not
satisfy the IMF requirement, A 1,(Pen qen)s i oy Pev 4ev)s
and/or h j1y(Dea qcq) 18 treated as the input data and then go
to Step 2.

The stopping criterion for sifting process; for PAN details
coefficients, is that the envelope mean signal is close to zero
or the number of iteration is satisfied. The PAN details
coefficient PAN(p., qcn), PAN(De, qev), and PAN(Dew Ged)
shall be decomposed into several high to low frequency
IMFs and residuals rn(pch: qch)a rﬂ(pcvx qcv): and rn(pcd’ ch) as
illustrated in (14).
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PAN(pch'qch) = IMFi(pch' qch) +rn(pch' qch)

n
i=1

A

PAN (Pey, Gev) = 2ie1 IMF;(Devs Gev) + T (Pevs Qv ) (14)

n
PAN(pcdl ch) = ZIMFi(pcdl ch) + rn(pcd' QCd)
i=1

Step 5: After decomposition of details coefficients of the
PAN image into their IMFs and a residual and preserving
the approximation coefficients of different MS bands, pan-
sharpening is performed. Pan-sharpening process is done by
reconstructing the fused image using the inverse discrete
wavelet transform (IDWT) to the high-frequency IMFs of
details coefficients of PAN image with the approximation
coefficients of the different MS bands. Then the three
reconstructed images are combined to form the pan-
sharpened image as (15).

X @) =
IDWT(Cakx IMFl (pchx th)’ IMFl(pcv: qL‘V)' IMFl (pcd: ch))
(15)

A simple flowchart for the sequence of execution of the
proposed EMD-DWT pan-sharpening process is shown in

Fig. 1. The PAN and different MS images are
decomposed first using single level DWT. Then, the sifting
process is applied to the details coefficient of the PAN image
only while the approximation coefficients of different MS
channels are preserved. After that, the high frequency IMFs
of the PAN details coefficients are extracted. Finally,
applying the single level inverse discrete wavelet transform
(IDWT) to that high frequency IMFs and MS approximation
coefficients to reconstruct the Pan-sharpened image as
shown in

Fig. 1.

Iv.

In this study, simulations are performed using MATLAB
R2013a on windows 10 by an Intel core i5 processor, and 3.0
GB RAMs. The conventional pan-sharpening and the
proposed pan-hybrid algorithms are applied to four different
image sets. The first image set is of Nile valley of Egypt,
captured by the French remote sensing satellite, SPOT-4 that
produces images with resolution 10m PAN and 20m MS
bands. The second image set is of Suez Canal region, Egypt,
captured by the American remote sensing Satellite, Landsat-
8 that produces a spatial resolution of 15m and 30m for PAN
and MS bands, respectively. The third image set is of
Pyramids area, captured by the American remote sensing
satellite, QuickBird that produces images with resolution
65cm PAN and 2.6m MS bands. The last image set is of
Cairo Stadium region, captured also by the American remote
sensing Satellite, Landsat-8.

PERFORMANCE EVALUATION

In each experimental, both the PAN and the MS images
are registered. Then, the MS images are resized to match the
PAN image size. Finally, the two images are pan-sharpened
by using a pan-sharpening method to get a color image with
higher spatial resolution. The obtained results are compared



with each other. In this study, several measures for the
spectral and spatial distortions are used to assess the pan-
sharpening quality for each method. These measures may be
categorized as spectral and spatial evaluation criteria.

A. Spectral Evaluation Criteria

The spectral criteria measure the spectral quality of the
resultant image through its comparison with the source low
resolution MS image. The different spectral evaluation
criteria can be described as follows:

e  Correlation Coefficient:

The Correlation Coefficient (CC) measures the similarity
level between two different images. The CC between each
resampled multispectral band and the fused image indicates
the spectral compatibility of the fused image. The CC should
be as close as possible to 1. The CC value can be calculated
by the following formula [19]:

PAN Image

Apply single level
DWT

Apply 2D EMD for
details coeffs.

Get high
freq.
IMFs of
details
coeffs

cor(x,y) = L X (g = ®) iy =)

N2 \2
JE ey =2 (O - 9)

Where, X ) Y are the mean values of X, v, respectively and
x, y are the up-sampled multispectral and the fused images.

e Root Mean Square Error:

The Root Mean Square Error (RMSE) between each
resampled multispectral band and the fused image measures
the radiance changes of the pixel values. The RMSE is a
good indicator for the spectral quality of pan-sharpening,
when considered along homogeneity regions in the image.
The RMSE has a higher indicator of spectral integrity
compared with the CC. The RMSE should be as close as
possible to 0. The RMSE can be calculated by the following
formula [19]:

(16)

A 4

Apply single level
DWT

Apply single level
IDWT for different

bands

Combine the three
bands to get the pan-
sharpened image

Fig. IEMD-DWT pan-sharpening block diagram



RMSE = \/E(DNypy — DNjyseq ) (17

Where, DN represents the pixel values, DN, is a
specific band resampled MS image, and DNgy.q is its
corresponding fused image.

e  Universal Image Quality Index (UIQI):

Wang and Bovik proposed an excellent parameter, called
Universal Image Quality Index (UIQI) to measure the
spectral similarity between two images. The UIQI is
designed by modeling the spectral distortion as a
combination of three components; loss of correlation,
radiometric distortion, and contrast distortion that is defined
as follows [20]:

UIQI = 248 ZHAKRB 20408

UAUB'/tiJru%, aiﬂr%

(18)

Where, u,, up are means of the resampled multispectral
and pan-sharpened images A, B, respectively. gy, opare
the standard deviations of A, B, and gpis the covariance
between A, B.

The first component is the CC between A and B. The
second component measures how close the mean gray levels
of A and B are, while the third measures the similarity
between the contrasts of A and B. The dynamic range for
UIQI is [0-1].

B. Spatial Evaluation Criterion

The Spatial criterion measures the spatial quality of the
resultant image through its comparison with the source high
resolution PAN image. Evaluating the spatial quality of the
pan-sharpened images is more difficult than the spectral one.
A few image pan-sharpening scientific papers state the
spatial quality indices and there is a little standardization for
these indices. The spatial quality is characterized by the
edges quality. Thus, the spatial quality indices try to quantify
the edge information [21].

e High-Pass Correlation Coefficient (HPCC):

The unique spatial information of the PAN image is
mostly concentrated in the high frequency domain. Zhou et
al. [21] have used the correlation coefficient between the
high-pass filtered fused image and that of the PAN image as
a criterion of the spatial quality of the pan-sharpened image.
A higher correlation means that more spatial information
from the PAN image is incorporated in merging. This means
that the spatial information of the pan-sharpened image is
high. The Laplacian HPF is the wused filter, whose
coefficients are given by [22]:

-1 -1 -1
Laplacian Coefficients = | —1 8 -1
-1 -1 -1
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C. Experimental Results and Quality Assessment

As a result of limited size, two satellite image sets only
will be displayed for illustration. Fig. 2and Fig. 3 illustrate
the obtained results of applying the conventional pan-
sharpening methods and the proposed hybrid method for the
SPOT-4 French satellite image set of Nile valley, and the
Landsat-8 American satellite image set of Suez Canal region,
respectively. ForFig. 2, the DWT and EMD-DWT methods
preserve the most of spectral information of the original MS
image by visual inspection, and also preserve the most
spectral information of the original MS image for Fig. 3.

Error! Reference source not found. and Error!
Reference source not found. give a simple comparison
among different pan-sharpening techniques for the two
illustrated satellite image sets. For SPOT-4 image set, the
EMD-DWT hybrid technique enforces the best spectral
quality, while EMD method enforces the highest spatial
quality as shown in Error! Reference source not found.
that ensures importance of the hybrid technique compared to
EMD. Also, EMD-DWT hybrid technique decreases the
computational time of EMD technique noticeably, as shown
in Error! Reference source not found.. This is because it
applies the EMD technique to the approximated and detail
components of the PAN and MS images not to the whole
images. For Landsat-8 image set, the EMD-DWT hybrid
technique enforces the best spectral quality as shown in
Table 2. This is because the DWT extracts the approximation
(the most spectral) information of the multispectral images
and fuse it into the first high frequency IMF components of
the panchromatic detail coefficients. While, EMD method
enforces better spatial quality than most of conventional
methods except HPF and that ensures the importance of
hybrid with EMD as it enhances the spectral quality while
preserving little bit the spatial information with enhancement
of computational time than EMD technique.

These results imply that the proposed hybrid technique
enhances the pan-sharpening quality for different satellite
images as it preserves little bit the spatial quality of images.

Fig. 4 shows the different quality indices for the different
pan-sharpening techniques. The different quality indices are
calculated for the four satellite image sets of pyramids, Nile
Valley, Suez Canal region, and Cairo Stadium region, Egypt,
captured by Quickbird, Spot-4 and Landsat-8 satellites. This
estimation provides the impact of different image objects to
the selection of pan-sharpening technique, as they are object-
wise techniques. The execution time of the proposed
technique using EMD-DWT is less than using EMD only
due to decreasing the dimension of the processed images as
applying the EMD to individual coefficients as indicated in

Fig. 1.



a) Spot-4 Pan Image of Nile valley (10 b) Spot-4 Multispectral Image of Nile
m resolution) Valley (20 m resolution)

e

d) IHS method [2]

%

g) DWT method [8]

i) EMD_DWT method

Fig. 2Results of applying different pan-sharpening methods for SPOT-4 French satellite image of Nile Valley

27



a) Landsat-8 Pan Image of Suez Canal b) Landsat-8 Multispectral Image of Suez
area (15 m resolution) Canal area (30 m resolution)

¢) Brovey method [8]

¢) HPF method [9]-[13]

s

4

2
g) DWT method [8]

g

i) EMD DWT method

Fig. 3 Results of applying different pan-sharpening methods to Landsat-8 American satellite image
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TABLE 1QUALITY ASSESSMENT RESULTS FOR SPOT-4 SATELLITE IMAGE

Spectral Quality Spatial Quality
Pan-sharpening Technique Correlation Coefficient | Root Mean Square Universal Image High Pass Correlation Execution Time (s)
(49 Error (RMSE) Quality Index (UIQI) Coefficient (HPCC)

Brovey 0.9532 0.0379 0.9432 0.8955 1.1003
HPF 0.9891 0.0116 0.9885 0.9046 0.8424
HIS 0.9740 0.0158 0.9739 0.8973 0.5108
Multiplicative 0.9751 0.0276 0.9699 09118 0.2439
DWT 0.9921 0.0087 0.9921 0.7573 0.5612

EMD 0.9639 0.0186 0.9639 0.9138 488.4665

EMD DWT 0.9956 0.0065 0.9956 0.7633 147.1155

TABLE 2QUALITY ASSESSMENT RESULTS FOR LANDSAT-8 SATELLITE IMAGE

Spectral Quality Spatial Quality
Pan-sharpening Technique Correlation Root Mean Square Universal Image High Pass Correlation Execution Time (s)
Coefficient (CC) Error (RMSE) Quality Index Coefficient (HPCC)
uIQn
Brovey 0.9040 12.7169 0.6214 0.7817 L7311
HPF 0.9880 1.5180 0.9875 0.8013 0.1510
IHS 0.7809 5.0001 0.7803 0.5042 0.9678
Multiplicative 0.9123 46.1768 0.7522 0.7674 0.4029
DWT 0.9918 1.3671 0.9917 0.6366 0.9918
EMD 0.9142 3.8530 0.9132 0.7982 631.4797
EMD_DWT 0.9966 0.8278 0.9966 0.3726 181.5818
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Fig. 4 Quality indices estimation for different satellite images




CONCLUSION

In this paper, an efficient hybrid technique for enhancing
pan-sharpening of multiband images transmitted from
satellite to ground stations are presented, implemented, and
evaluated. The hybrid proposal combines the Empirical
Mode Decomposition (EMD) with the Discrete Wavelet
Transform (DWT). The proposed method is evaluated using
satellite image sets of pyramids, Cairo and Suez Canal
region, Egypt, captured by Quickbird, Spot-4, and Landsat-8
satellites, respectively. The experimental results implied that
the proposed method enhances the pan-sharpening spectrally
and somehow spatially. The EMD-DWT hybrid method is
noticeable superior among the conventional pan-sharpening
methods as it preserves the spatial quality of images and has
less computational time than using EMD only.
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