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Abstract: Several studies and applications are present in literature to compare pan-sharpening methods: the
greater part of them is based on indexes that relate radiometric characteristics of derived images to the
correspondent original ones. Among others correlation index, RMSE (Root Mean Square Error), UIQI
(Universal Image Quality Index) and RASE (Relative Average Spectral Error) are used, but evaluation is limited
if there aren’t other multispectral images with higher geometric resolution to which compare the pan-sharpened
results. In this paper Landsat 7 ETM+ artificial sensor was introduced to permit more reliable comparison and
evaluation of pan-sharpening methods. Data concerning Campania region (Italy) were used: firstly Landsat 7
ETM+ panchromatic image and multispectral ones with acquisition bands within that of pan were processed to
conduct their digital numbers to radiance values; then synthetic sensor was considered and geometric resolutions
degraded by reducing original pixel dimensions 15 m X 15 m and 30 m X 30 m respectively to 30 m x 30 m and
60 m X 60 m. In other terms, new images were derived as equivalent products to those that should have been
obtained by sensor with lower geometric resolutions but same acquisition bands of Landsat 7 ETM+
(panchromatic and multispectral). Pan-sharpening methods were applied to derived images and products
compared with original data so to obtain a credible evaluation of performances of the implemented approaches.
Copyright © 2014 IFSA Publishing, S. L.
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1. Introduction

Generally sensors on board of sun-synchronous
satellite for remote sensing capture simultaneously
images with different spectral and geometric
resolutions. Data that are acquired across the visible
and most likely also near-infrared wavelengths, so-
called panchromatic, present smaller dimensions of
pixels and greater width of band relating to others
that are named multispectral. If we consider, for
example, WorldView-2 imagery, different spatial
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resolutions are supplied for panchromatic (0.5 m) and
multispectral data (2 m): the first are acquired in one
band, the second in eight different bands facilitating
remote sensing applications, such as land cover
classification [1]. Images with spectral resolution of
multispectral data and geometric resolution of
panchromatic ones are desirable because they permit
to have access to more detailed and accurate
description of the investigated objects.

Many methods have been developed to get over
the limits of the sensors and to produce multispectral
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images with enhanced spatial resolution using
panchromatic data. They are included in data fusion
approach and named pan-sharpening methods [2-4].

This paper is aimed to compare some of them
using multispectral images with the same geometric
resolution of the derived products. In particular
Landsat 7 ETM+ sensor was considered: pixels
dimensions of the original data were degraded
assuming a synthetic sensor and the resulted images
submitted to pan-sharpening methods so to verify
their performances. High level of likeness between
the original (no degraded) images and the pan-
sharpened ones showed high level of method
effectiveness. The attention was also focalized to
evaluate the benefits of bands weights introduction in
IHS (Intensity — Hue-Saturation) method as well as in
Brovey transformation.

This paper is organized as follows. In Section 2
short report of the main characteristics of Landsat 7
ETM+ sensor and imagery is supplied together with
the description of the first elaborations of data
concerning Campania region (Italy). Section 3 is
focalized on the application of some selected pan-
sharpening methods of which fundamental
characteristics are summarized. For analytical
evaluation of the results, quality indexes are shown
and discussed in Section 4. Considerations about the
adopted solutions and conclusions are reported in
Section 5.

2. Data and First Elaborations

2.1. Landsat 7 ETM+ Images

The Landsat Program is a joint effort of the U.S.
Geological Survey (USGS) and the National
Aeronautics and Space Administration (NASA) for
Earth Observation; it represents the world’s longest
running system of satellites for moderate-resolution
optical remote sensing for land, coastal areas and
shallow waters [5].

Landsat 7 satellite was launched on April 15,
1999, and is still operational. It makes a complete
orbit around the Earth every 99 minutes moving in
descending way (from north to south), over the sunlit
side of the planet, at 705 kilometers (438 miles)
altitude. This satellite completes about 14 full orbits
each day and crosses every point on Earth once every
16 days; swath is 185 kilometers [6].

This satellite carries the sensor named Enhanced
Thematic Mapper Plus (ETM+), with spatial
resolution of 30 m for visible, NIR (near infrared),
and SWIR (shortwave infrared) bands, 60 m for
thermal band, and 15m for panchromatic band.
Wavelengths range and cell size for each band are
reported in Table 1.

For this application Landsat 7 ETM+ imagery of
Campania region (Italy) by USGS were considered
(Fig. 1). Data were already radiometrically and
geographically corrected, but fitted in 8 bit files
(ranges from 0 to 255).

Table 1. Landsat 7 ETM+ bands and geometric resolutions
(Source: Chander et al, 2009).

Spectral Actual Gmeric
Band W_avelengths resolution
(micrometers) (meters)
Band 1 0.452-0.514 30
Band 2 0.519-0.601 30
Band 3 0.631-0.692 30
Band 4 0.772-0.898 30
Band 5 1.547-1.748 30
Band 6 10.31-12.36 60
Band 7 2.065-2.346 30
Band 8 0.515-0.896 15

25125 0

25 Kilometers
. —

Fig. 1. RGB composition (Bands 3, 2, 1) of the original
Landsat 7 ETM+ imagery in overlay with administrative
boundaries of Italian Regions.

2.2. Radiance Calculation

To generate results of synthetic sensor (SynS),
calculation of at-sensor spectral radiance, also called
top-of-atmosphere radiance, occurred. In fact each
image was matrix of DNs (Digital Numbers) and to
transform them in radiance values, the following
formula [7-9] was applied:

L, = gain, - DN + bias, (1)

where L; is the calculated radiance associated to the
ground area enclosed in the pixel and referred to the
A wavelength range of the specific band; DN is the
digital number of the pixel of the Landsat 7 ETM+
band image; gain, (W/(m?> st um DN) and bias;
(W/(m> sr um)) are sensor-specific calibration
parameters determined for each band before
the launch.

To maximize the sensor 8-bit radiometric
resolution without saturating the detectors, the
acquisition of ETM+ images is in either a low- or
high-gain way: the first mode is used to image
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surfaces with high brightness (higher dynamic range
but low sensitivity); the second mode is used to
image surfaces with low brightness (lower dynamic
range but high sensitivity) [10].

Gain and bias values for Landsat 7 ETM+ bands
are reported in Table 2 (low-gain mode) and Table 3
(high- gain mode).

Table 2. Gain and bias values for Landsat 7 ETM+ bands -
low-gain mode (Source: Chander et al, 2009).

Spectral Gain Bias
Band W/(m?sr um DN) | W/(m?sr um)
Band 1 1.180709 —7.38
Band 2 1.209843 -7.61
Band 3 0.942520 -5.94
Band 4 0.969291 -6.07
Band 5 0.191220 -1.19
Band 6 0.067087 —0.07
Band 7 0.066496 —0.42
Band 8 0.975591 —5.68

Table 3. Gain and bias values for Landsat 7 ETM+ bands -
high-gain mode (Source: Chander et al, 2009).

Spectral Gain Bias
Band W/(m?sr um DN) | W/(m?sr um)
Band 1 0.778740 —6.98
Band 2 0.798819 —7.20
Band 3 0.621654 -5.62
Band 4 0.639764 -5.74
Band 5 0.126220 -1.13
Band 6 0.037205 3.16
Band 7 0.043898 -0.39
Band 8 0.641732 —5.34

Formula (1) was applied to panchromatic image
(band 8) and those multispectral images which
acquisition bands are within that of pan (bands 2, 3
and 4); in other terms, only data to be used for pan-
sharpening methods application were considered.

2.3. Degradation of Geometric Resolutions
and Generation of New DNs M atrices

To simulate acquisition by SynS with the same
considered spectral bands of Landsat 7 ETM+ but
lower geometric resolutions, the original matrices of
radiance were resampled from 30 m to 60 m for
bands 2, 3, 4, and from 15 m to 30 m for band 8. In
every case, each group of 4 pixels was substituted by
one cell: radiance value was derived by
correspondent four primary ones as average. Then
matrices of DNs were obtained from those resampled
matrices of radiance using the inverse of formula (1):

L, - bias f
DN = —+——+, (@)
gain,
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In this way 4 new images (bands 2, 3, 4 and 8)
were achieved as those that should have been
captured by another sensor (SynS) in the same
position of ETM+ at the same acquisition instant, but
with lower geometric resolutions.

3. Applications of Pan-sharpening
Methods

A clip was extracted from dataset by SynS as
illustrated in Fig.2 before to continue the
experimentation. To produce fusion between
panchromatic, with higher spatial resolution, and
multispectral data, characterized by higher spectral
resolution but less spatial detail, the following pan-
sharpening methods were applied.

T
L

7 35 0 7 Kilometers }
. —

Fig. 2. Clip of dataset to which pan-sharpened methods
were applied: localization (upper) and visualization
of panchromatic layer (lower).

Multiplicative method [11]. The pan-sharpened
image is obtained with the formula:

pshl. = @ . Mul[ ) (3)

Pan
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where psh; is the pan-sharpened ith image; Pan is the
panchromatic image; Mul; is the multispectral ith
image; Upay is the mean of panchromatic image.

Simple Mean method. This method applies a
simple mean averaging equation to each combination
of Pan with one of multispectral images [12]. For
consequence the pan-sharpened image is obtained
with the formula:

Pan-+A4u4

) “)
2

psh. =

IHS method [13-15]. It is based on RGB (Red-
Green-Blue) to THS (Intensity-Hue-Saturation) space
transformation. The intensity component [ is
substituted by the panchromatic image because of
their similarity and the inverse transformation (from
IHS to RGB space) is applied. R* G’ B’ components
with the same geometric resolution of panchromatic
data are produced using the following equation:

R' R+6 |
G'|=|G+¢ (5)
B' B+6
where
O=Pan—-1, (6)

To calculate 7, the following formula is used:

_R+G+B
3

I (7

In the case of Landsat 7 ETM+ as well as SynS,
considering the acquisition bands, / can be obtained
as simple mean of bands 2, 3 and 4 (respectively
indicated as B>, B3, By):

Izw, @®)

In alternative different weights can be given to
each multispectral image:

Iza-Bz+b-B3+c~B4’ ©)
a+b+c

where a, b and ¢ are the weights assigned to the
bands 2, 3 and 4, respectively.

According to the approach that was adopted in a
previous work for Quickbird images [16], also for
Landsat 7 ETM+ and consequently for SynS the
values of these parameters were estimated
considering the relative spectral response (RSR) in
Fig.3. Calculating the contribution of each
multispectral band in percentage to the sum of
the contributions of all multispectral bands to
panchromatic one, the weights in Table 4
were obtained.

H\ !‘Jﬂ\

e ectal respomie 1S

.:':.uf [ U \

Fig. 3. Relative spectral response (RSR) of Landsat 7
ETM+ (bands 1, 2, 3, 4, 8).

Table 4. Values of weights for multispectral images

derived by RSR.
Band 2 Band 3 Band 4
Weights 0.26 0.22 0.52

Brovey transformation [17, 18]. With this method
each pan-sharpened image is obtained by n
multispectral bands using the formula:

Pa

psh, = nin - Mul’

> Mul, (10)
i=l
n

Also in this case weights can be introduced for
the multispectral bands and the formula becomes:

psh. = n}.& - Mul, ’

Mul
;pl i (11)

2.7
i=1

Of course in this application the same weights
reported in Table 4 for multispectral SynS images
were adopted in the case of Brovey transformation.

In Fig.4 RGB compositions with original
synthetic images as well as pan-sharpened ones from
each considered method are reported. Even if false
color (bands 3, 2, 4), they permitted the first
evaluation of results: multiplicative and simple mean
methods produced greater color distortion than THS
and Brovey transformation; these effects are reduced
with bands weights introduction.

Quantitative analysis of the performance of each
method was conducted by checking usual protocols

that are present in literature. Particularly
the following indexes that compare statistic
characteristics of input and output images

were considered.
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Fig. 4. RGB false color compositions (bands 3, 2, 4) with SynS multispectral images (a) and pan-sharpened images
by methods: Multiplicative (b), Simple mean (c), IHS (d), IHS with bands weights (e), Brovey transformation (f),
Brovey transformations with bands weights (g).
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4. Results and Discussion

Correlation Coefficient (p). It is the most used
measurement of spatial fidelity and supplied by
the formula:

Cov

Pup = (12)
0, 0,

where A is the input multispectral image; B is the
correspondent output multispectral image; o4 is
standard deviation of image A; o is standard
deviation of image B; Cov,p is covariance between
A and B.

Universal Image Quality Index (UIQI).
Introduced by Wang and Bovik (2002) [19], this
index can be calculated as:

Cov 2 20 0
uIgr, =—==%- zﬂ“ﬂi' =L (13)
O'AO'B IUA+IUB O'A+O'B

where u4 is the mean value of image A; ujp is the
mean value of image B.

Root mean square error (RMSE). 1t is computed
using the formula [20]:

2 2
RMSE , = \|[BIAS®, +0°,,  (13)

where BIAS4p is the difference between the mean
values of the input multispectral image and the
output one; oyp is standard deviation of difference
image A-B.

Relative average spectral error (RASE). This
index is calculated including all multispectral
images [21]:

RASE = —- lZRMSE.Z, (15)
M \'n '

i=1

100

where M is the mean value of DNs of the n
input images.

Tables 5-10 give values of the above mentioned
indexes for each method.

All indexes confirmed that better results were
supplied by IHS method and Brovey transformation,
both with bands weights introduction. Nevertheless,
in spite of color distortions that were evident in visual
comparisons, in many cases values of indexes
resulted very good, with low differences between one
method and another. Considering, for example, UIQI
average for Simple mean method (about 95 %), pan-
sharpened images should have been characterized by
high quality, but this was not true. On the other side,
comparison of values for each index permitted to
obtain the same classification; particularly better
results are confirmed for IHS method with bands
weights and Brovey transformation  with
bands weights.

Table5. Values of quality indexes
for Multiplicative method.

p UIQI | RMSE | RASE
Band2 | 0.957 0.944 | 25.726
Band3 | 0.959 0.947 | 25,525
Band4 | 0.949 0.943 | 24.437
0.955 0.944 | 25229 | 20.608

Table 6. Values of quality indexes for Simple
mean method.

p UIQI | RMSE | RASE
Band2 | 0.943 0.942 | 22435
Band3 | 0.937 0.934 | 21.445
Band4 | 0975 0975 | 21323
0.952 0950 | 21.734 | 17.753

Table 7. Values of quality indexes for IHS method.

p UIQI | RMSE | RASE
Band2 | 0915 0914 | 26931
Band3 | 0919 0917 | 27.182
Band4 | 0.959 0.959 18.126
0.931 0930 | 24.080 | 19.963

Table 8. Values of quality indexes for IHS method
with bands weights.

P UIOI | RMSE | RASE
Band 2 0.958 0.957 19.422
Band 3 0.960 0.957 19.924
Band 4 0.970 0.970 15.572
0.963 0.961 18.306 15.033
Table9. Values of quality indexes
for Brovey transformation.
p UIOI | RMSE | RASE
Band 2 0.925 0.924 25.068
Band 3 0.935 0.935 23.827
Band 4 0.949 0.941 25.288
0.936 0.933 24.728 20.200

Table 10. Values of quality indexes for Brovey
transformation with bands weights.

p UIOI | RMSE | RASE
Band 2 0.956 0.955 19.478
Band 3 0.960 0.960 19.041
Band 4 0.971 0.969 17.149
0.962 0.961 18.556 15.176
Analysis was  perfected using original

multispectral images: the performance of each
method was evaluated comparing to them pan-
sharpened datasets. Table 11 gives values of RMSE
for all considered methods.

In this case the previous classification of
performances, obtained with quality indexes of
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comparison between resampled and pan-sharpened
images, was confirmed. However range of values was
greater, so differences could be better detected:
results of IHS method with weights and Brovey
transformation with weights were similar in the first
analysis while they became more distant in the
second case.

Table 11. Values of RMSE for considered
pan-sharpened methods.

Method Band2 | Band3 | Band 4 | Average
Multip. 33.364 | 34.956 | 24.803 31.041
Simp. M. 26.673 | 28.284 | 16.584 23.847
IHS 27.462 | 27.876 | 18.360 24.566
THS+W 21.599 | 22.324 | 15.347 19.757
Brovey 26.553 | 26.801 | 25.734 26.363
Brovey+W | 23.648 | 25.191 | 17.155 21.998

The best performance of IHS confirms that it is
the most straightforward fusion method when the
multispectral bands are exactly three [22, 23].

5. Conclusions

Possibility to use high resolution multispectral
images permits to conduct more reliable comparison
and evaluation of pan-sharpening methods. The use
of dataset by different sensor on different satellite
and probably with different acquisition date presents
new variables and complications.

This study proposed an alternative approach: to
introduce synthetic sensor for production of degraded
images and apply to them the different methods to be
evaluated. In this case to pass from DNs to at-sensor
spectral radiance is necessary: it is possible to assume
that the new sensor intercepts the same energy like
the real sensor, but with different spatial resolutions.
The equation to pass from DNs to radiance for
Landsat 7 ETM+ is well known in literature, so it is
easy to be applied.

The results confirm higher performances of IHS
method and Brovey transformation when weights
are introduced to distinguish the different rule of
each multispectral acquisition band in
pan-sharpening operations.

The approach as proposed cannot be applied to
establish every time in real applications which pan-
sharpened images are better than others, but supplies
possibility to classify performance of each method.
For consequence it can be used also to test new
algorithms and procedures.

In this application transformations to halve pixel
dimensions were considered, but also cases with
more reductions of cell sizes for pan-sharpened
images must be analyzed; in this way to establish
performance of each method in reference to
increasing levels of geometric resolution will
be possible.
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