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Abstract This paper focuses on quality assessment of fusion
of multispectral (MS) images with high-resolution panchro-
matic (Pan) images. Since most existing quality assessments
take the entire image into account simultaneously and gener-
ate some uncertainties, a novel and rather objective quality
index has been proposed for image fusion. The index
is comprised of geometric and radiometric parts. Both
geometric and radiometric measurements are calculated
using morphological algorithm applied on an edge im-
age to create a mask which is used to separate high-
frequency regions from low-frequency ones. The accu-
racy assessment is made using common existing criteria
on geometric and radiometric segments, and then a
weighted sum is calculated to generate radiometric and
geometric index (RG index). Several commonly used
fusion algorithms such as IHS, modified IHS, PCA,
Gram-Schmidt, Brovey Transform, Ehlers, High-Pass
Modulation, Schowengerdt and UNB were applied on
a very high-resolution GeoEye-1 and WorldView-2 im-
ages. In order to perform quality assessment, methods
of Spectral Angle Mapper, Structural SIMilarity, corre-
lation coefficients and universal quality index for which
the normalization were possible (for comparison pur-
poses) were used. The utilized RG index showed that
by separating spectral and spatial component quality
measurement, the quality assessment is made on fused

images in a more distinct, explicit, accurate and objec-
tive manner.

Keywords Image fusion .Multispectral imagery . Quality
assessment . Geometric distortion . Radiometric quality .

Geometric quality

Introduction

The widespread and diverse range of image fusion methods
require accurate quality assessment criteria for comparison of
results obtained from different algorithms. Since human per-
ception of fused image is of fundamental importance, subjec-
tive criteria have been widely used to evaluate performance of
different image fusion methods (DadrasJavan and
Samadzadegan 2014; Toet and Franken 2003). However, as
the digital applications of fused images are being increased,
objective assessment criteria are getting more attention.
Objective performance assessment is a rather complicated is-
sue due to the variety of different application requirements and
the lack of a clearly defined ground-truth. Image fusion
methods have often been evaluated by comparing ideal fused
image to a reference image (Ghosh and Joshi 2013; Wang
et al. 2005). The assessment of quality normally involves
computation of a number of different image fusion quality
indices such as correlation coefficient (CC) between each
band of the fused and reference MS images (Zhang 2008).
Structural SIMilarity (SSIM) (Wang et al. 2004). universal
quality index (UQI) (Alparone et al. 2004a) and Spectral
Angle Mapper (SAM) (Alparone et al. 2004b). These are
amongst measures of the spectral distortion introduced by
the fusion process.

Recently, several performance measures have been intro-
duced by (Hazini and Hashim 2015; Helmy and El-Tawel
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2015; Khan et al. 2009; Wang et al. 2005; Alparone et al.
2004a; Wald et al. 1997; Wang et al. 2004) for image fusion
quality analysis. Since the methods did not take into account
the knowledge of information content, they did not probably
offer obvious advantages. However, incorporating indices to
deal with information content should obviously increase the
quality of the assessment. This may be achieved by explicit
separation of information content into more objective compo-
nents in fused image and compare them with corresponding
components in reference image.

A variety of image fusion techniques have been studied by
researcher for panchromatic (Pan) and multispectral (MS)
pan-sharpening. For the purpose of quality assessment in this
study, the successful ones such as IHS (Tu et al. 2001). mod-
ified IHS (IHS*) (Tu et al. 2004). PCA (Pohl and Van
Genderen 1998). Gram-Schmidt (GS) (Laben and Brower
2000). Brovey Transform (BT) (Pohl and Van Genderen
1998). Ehlers (EHL) (Ehlers 1991). High-Pass Modulation
(HPM) (Schowengerdt 2006). Schowengerdt (SWT)
(Schowengerdt 2006) and UNB (Zhang 2002) have been im-
plemented on a satellite image which contains both spatial and
spectral details.

In this research, an image quality index, namely radiomet-
ric and geometric index (RG Index), for MS images with four
spectral bands has been proposed and applied to assess the
performance of different image fusion methods. The proposed
quality index shows that by isolating image content to edge
and background and computing each component’s quality
with corresponding component of reference image, measuring
image fusion performance is done more accurately. The
proposed quality index is evaluated by using very high-
resolution satellites GeoEye-1 and WorldView-2 data
with one 0.5-m Pan band and four 2.0-m MS bands
for GeoEye-1 and eight 2 .0-m MS bands for
WorldView-2 of an urban area. Furthermore, classical
quality parameters are also computed and visual com-
parisons reported, to assess the reliability and the com-
pleteness of the proposed method for performance eval-
uation of image fusion algorithms.

Fusion of MS images with corresponding Pan images

New mapping satellites, such as IKONOS, WorldView-2,
WorldView-3, Quick Bird and GeoEye-1, provide both Pan
images at a higher spatial resolution and MS images at
a lower spatial resolution but rich spectral information.
There are some tradeoffs due to several technological
limitations to have a sensor with high spatial and spec-
tral characteristics. So the remote sensing customers
have switched to integrate MS and Pan images to ex-
hibit complementary characteristics of spatial and spec-
tral resolutions and this new product image is entitled as

pan-sharpened images. Pan-sharpening has become inte-
gral part of many applications of remote sensing like
land use/cover classification (Alipour Fard et al. 2014;
Saeidi et al. 2014). image change detection (Du et al.
2013). map updating (Pohl and Hashim 2013). hazard
monitoring (Nichol and Wong 2005) and many other
geo-information usages.

In this regard, it is inevitable to investigate assessment of
pan-sharpening methods to have reasonable output result
for any application of remote sensing images. On the
other hand, the existing quality assessment methods
did not take into account the knowledge of information
content and they did not probably offer obvious advan-
tages. This issue may be achieved by explicit separation
of information content into more objective components
in fused image and compare them with corresponding
components in reference image. In the next section, we
focus on new assessment procedure to better evaluating
performance of pan-sharpening methods.

The proposed RG index

The output of any fusion method is an RGB image that should
be compared to original MS image to measure image fusion
performance. To do this, in existing quality assessment
methods, each complete band of fused image is used to esti-
mate image quality performance. These methods have some
uncertainty because they coarsely take into account the image
content by using global quality indices which include both
spatial and spectral information of each fused bands
simultaneously.

To overcome this incompatibility, the proposed meth-
od segments fused image into two components of edge
information and background information. The edge com-
ponent that contains high-frequency and geometric sig-
nals is compared to the edge information of the Pan
image. Similarly, background component that contains
radiometric and spectral information is compared to
the radiometric information of the MS image. As it is
known, the goal of fusion methods is to fuse the Pan
image containing geometric properties with MS image
containing radiometric properties. This concept has sim-
ply led us to propose this more accurate quality index
to measure fusion performance. Figure 1 shows the fu-
sion process and the subsection of quality assessment
which is done in two geometric and radiometric compo-
nents separately leading to the RG Index.

Geometric component of fused image

The procedure is initiated by extracting edge of the Pan image
by canny algorithm (Canny 1986). The edges are then
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widened by applying morphological operator of dilation to
include radiometric edge information in the image. In this
study, due to the certain amount of detail which is related to
the ground features and resolution, the dilation has been done
two times. The binary dilation of A by B, denoted A⊕B, is
defined as the set operation (Eq. 1):

A⊕B ¼ z B̂
� �

z
∩A≠∅

���n o
ð1Þ

where B̂ is the reflection of the structuring element B. In
other words, it is the set of pixel locations z, where the reflected
structuring element overlaps with foreground pixels in Awhen
translated to z (Gonzalez et al. 2010). Then, using edge map of
the Pan image, a mask is created to extract the edge information

from both the Pan and the fused image which will be used to
evaluate the geometric component of the fused image.

Radiometric component of fused image

In order to extract radiometric component, geometric compo-
nent is used. By subtracting geometric component from fused
image, radiometric component is obtained (Fig. 2). The mask
is actually being used to segment the fused image into geo-
metric and radiometric components.

RG index

Computation of RG index is performed in two parts of
geometric component (Eq. 2) and radiometric component

Fig. 1 Fusion process and the
subsection of quality assessment
in two geometric and radiometric
components

Fig. 2 Geometric and
radiometric components of fused
image
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(Eq. 3). By utilizing existing quality indices (e.g. SAM, SSIM,
CC and UQI), separate computations are made for the two
components.

SAMGeometric ¼ cos−1
Ie : PANh i
Iek k: PANk k

� �
ð2Þ

SAMRadiometric ¼ cos−1
Ib : MSh i
Ibk k: MSk k

� �
ð3Þ

where Ie and Ib are edge and background compo-
nents of fused image, respectively. In this manner,
edge component (Ie) compares with Pan image and
background component (Ib) compares with MS image.
Similarly, SSMI, CC and UQI indices have been

divided to two components (radiometric and geometric)
(Eqs. 4–9).

SSIMRadiometric

¼
2Ib �MSþ C1

� �
2σIbMS þ C2ð Þ

Ib
2
þMS

2
þ C1

� �
σIb þ σMS þ C2ð Þ

ð4Þ

SSIMGeometric

¼
2Ie � PANþ C1

� �
2σI ePAN þ C2ð Þ

I e
2
þ PAN

2
þ C1

� �
σIe þ σPAN þ C2ð Þ

ð5Þ

Fig. 3 GeoEye-1 image. a MS image. b Pan image. c Edge extracted from Pan image

Fig. 4 WorldView-2 image. a MS image. b Pan image. c Edge extracted from Pan image
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CCRadiometric ¼
X

i j
I b−Ib

� �
MS−MS

� �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX

i j
I b−Ib

� �2X
i j

MS−MS
� �2

r ð6Þ

CCGeometric ¼
X

i j
I e−I e

� �
PAN−PAN

� �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX

i j
I e−Ie

� �2X
i j

PAN−PAN
� �2

r ð7Þ

UQIRadiometric ¼
4� σIbMS � Ib �MS

Ib
2
þMS

2
� �

σIb þ σMSð Þ
ð8Þ

UQIGeometric ¼
4� σIePAN � Ie � PAN

Ie
2
þ PAN

2
� �

σI e þ σPANð Þ
ð9Þ

In order to compare these indices with existing in-
dices, it is necessary to have the RG index in the form
of a unique value. The RG index should include both
estimated geometric and radiometric components
which requires a weighting procedure to be applied
(Eq. 10).

SAMRG index ¼ SAMGeometric �WGeometric

þ SAMRadiometric �WRadiometric ð10Þ

ACP*SHISHI

GS TB LHE

HPM TWS BNU

Fig. 5 Output of different fusion methods for GeoEye-1 data
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where

WGeometric ¼ Number of pixel in Edge section

Number of pixel in Fused image

WRadiometric ¼ Number of pixel in Background section

Number of pixel in Fused image

Obviously, if the sum of the both weights is equal to one,
then the RG index carries a normalization characteristic with
itself. Therefore, SAMRG index, SSIMRG index, CCRG index and
UQIRG index indices can be calculated by using weighting fac-
tors of both components in each type of quality measurements

similar to Eq. 10. The proposed index can be used in
every fusion technique by separating the result of fusion
to radiometric and geometric component. In this man-
ner, we can estimate and compute performance of each
fusion technique in two different aspects. For investigat-
ing geometric properties of output result, geometric
component of RG index is used. Also, for investigating
radiometric properties of output result, radiometric com-
ponent of RG index is used. Therefore, RG index can
assess every individual fusion technique. In this regard,
the user can see and use these three values (radiometric
component, geometric component and RG Index),

ACP*SHISHI

GS TB LHE

HPM TWS BNU

Fig. 6 Output of different fusion methods for WorldView-2 data
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depending on the user’s application; if the goal of ap-
plication is something like map updating, then quality
assessment of geometric component is more important
than radiometric component.

Experiments and results

In order to show efficiency of RG index, commonly used
pixel-level fusion algorithms such as IHS, IHS*, PCA, GS,
BT, EHL, HPM, SWT and UNB have been implemented and
the quality of fusions output have been measured by RG
index.

Implementation of fusion algorithms

The image fusion techniques have been applied on two recent
high-resolution satellite images, GeoEye-1 and WorldView-2.
GeoEye-1 MS image has four 2.0-m resolution spectral bands
(blue, green, red and near IR) and resolution of PAN image is
0.5 m (Fig. 3a, b).

Same as GeoEye-1 image, WorldView-2 image has eight
2.0-m resolution spectral bands (coastal blue, blue, green,
yellow, red, red-edge, near IR1 and near IR2) and resolution
of PAN image is 0.5 m (Fig. 4a, b).

The study areas for both datasets are chosen to cover dif-
ferent urban areas. To present performance of the quality RG

Table 1 Performance of different
fusion methods in GeoEye-1 data Fusion methods IHS IHS* PCA GS BT EHL HPM SWT UNB

SAM Geometric 2.66 4.87 2.96 5.38 1.66 3.74 9.36 5.84 3.55

Radiometric 8.44 6.35 9.74 7.40 9.06 11.1 5.02 7.99 7.76

RG index 5.50 5.60 6.29 6.37 5.29 7.36 7.23 6.89 5.62

Old index 11.4 8.60 12.64 9.77 12.40 14.6 9.09 10.6 11.5

UQI Geometric 0.98 0.96 0.72 0.94 0.98 0.96 0.96 0.96 0.96

Radiometric 0.90 0.92 0.54 0.92 0.84 0.80 0.94 0.92 0.92

RG index 0.94 0.94 0.64 0.92 0.92 0.88 0.94 0.94 0.94

Old index 0.44 0.66 0.28 0.26 0.42 0.36 0.80 0.76 0.50

CC Geometric 0.98 0.98 0.98 0.98 0.98 0.98 0.92 0.96 0.98

Radiometric 0.92 0.94 0.90 0.94 0.92 0.90 0.96 0.94 0.92

RG index 0.96 0.96 0.94 0.96 0.96 0.94 0.94 0.94 0.96

Old index 0.86 0.92 0.84 0.88 0.86 0.82 0.92 0.88 0.86

SSIM Geometric 0.98 0.98 0.88 0.96 0.98 0.98 0.98 0.98 0.98

Radiometric 0.98 0.98 0.82 0.98 0.94 0.92 0.98 0.98 0.98

RG index 0.98 0.98 0.84 0.96 0.96 0.96 0.98 0.98 0.98

Old index 0.92 0.96 0.78 0.94 0.90 0.88 0.96 0.94 0.92

Table 2 Performance of different
fusion methods in WorldView-2
data

Fusion methods IHS IHS* PCA GS BT EHL HPM SWT UNB

SAM Geometric 2.91 4.44 1.16 3.61 1.13 1.67 7.88 5.87 2.77

Radiometric 7.58 5.71 9.83 8.97 9.66 8.76 4.69 7.82 8.16

RG index 5.74 5.21 6.41 6.86 6.29 5.97 5.95 7.05 6.03

Old index 8.94 6.73 10.72 9.71 10.57 9.55 6.50 8.74 9.83

UQI Geometric 0.98 0.98 0.86 0.98 0.99 0.99 0.97 0.98 0.98

Radiometric 0.77 0.81 0.57 0.80 0.78 0.80 0.88 0.83 0.77

RG index 0.85 0.88 0.69 0.87 0.86 0.88 0.91 0.89 0.85

Old index 0.91 0.88 0.40 0.86 0.84 0.86 0.92 0.85 0.85

CC Geometric 0.99 0.98 1.00 0.99 1.00 1.00 0.95 0.97 0.99

Radiometric 0.96 0.98 0.94 0.95 0.95 0.96 0.99 0.96 0.96

RG index 0.98 0.98 0.97 0.97 0.97 0.97 0.97 0.97 0.97

Old index 0.94 0.97 0.92 0.93 0.93 0.94 0.97 0.95 0.93

SSIM Geometric 0.99 0.99 0.90 0.97 0.99 0.99 0.98 0.98 0.99

Radiometric 0.98 0.99 0.79 0.97 0.97 0.97 0.99 0.98 0.98

RG index 0.98 0.99 0.84 0.97 0.98 0.98 0.99 0.98 0.98

Old index 0.91 0.95 0.78 0.90 0.89 0.91 0.95 0.93 0.90
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index, more popular MS+Pan merge algorithms (i.e. IHS,
IHS*, PCA, GS, BT, EHL, HPM, SWT and UNB) have been
implemented. GeoEye-1 and WorldView-2 fusions output for
each algorithm are illustrated in Figs. 5 and 6, respectively.

Quality assessment

Quality assessment of fused images is a critical task in fusion
process. In this study, four quality indices (i.e. SAM, SSIM,
CC and UQI) have been calculated. These methods have been
selected because they intrinsically have normalization param-
eter inside. For each type of quality measurements, four esti-
mations of geometric, radiometric, RG index and the index
itself (old index) have been made. Tables 1 and 2 illustrate the
performance estimations for comparison purposes for two
datasets (GeoEye-1 and WorldView-2). Obviously, the higher
performance of SAM index tends to zero degree (angle
between two vectors, 0° for high compatibility and 90°
for opposite direction); also, the higher qualities of CC,
SSIM and UQI indices tend to one, which implies the
closeness of the fused image to both Pan and MS ref-
erence images objectively.

By comparing the RG quality indices with other four qual-
ity indices in Tables 1 and 2, it is clear that SAMRG index,

SSIMRG index, CCRG index and UQIRG index which act objec-
tively show higher sensitivity on reflecting the quality of the
fusion when compared to the approach of taking the whole
image into SAM, SSIM, CC and UQI index analysis.
Also, by looking more closely to Figs. 7 and 8, it is
clear that RG Index has the same trend of computation
to evaluate and assess the performance of the existing
pan-sharpening methods using two different high-
resolution satellite images (GeoEye-1 and WorldView-
2) and has higher sensitivity to compute this assess-
ment. Therefore, the proposed RG index in this study
is contributing in enhancement of each index. This is
due to the fact that the quality assessment has been separated
into two geometric and radiometric components to make it
rather objective.

From Tables 1 and 2, it is clear that SAM index have good
result in geometric component of the RG index for all the nine
Pan-sharpening methods except for HPM. This means that the
fused image performed better in the spatial component than
the spectral component. Similarly for UQI index, fused image
have high performance in spatial component than spectral
component. Also, in CC index, fused image have high perfor-
mance in spatial component than spectral component except
HPM method. Finally for SSIM index, most of the fused

Fig. 7 Comparison between RG index and old index in GeoEye-1 data set. a SAM, b UQI, c CC and d SSIM
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images have high performance in spatial component rather
than spectral component.

To sum up from the extracted result and proposed RG in-
dex, it is clear that most fusion and pan-sharpening methods
focus on geometric information than the radiometric informa-
tion. More importantly, most of the quality assessment indices
and criteria cannot separate assessment between geometric
and radiometric component, which RG index solved. Also,
another advantage of proposed method is that the users can
select the best method of pan-sharpening depending on their
objective and application (e.g. map updating, change detec-
tion and so on).

Conclusion

Fusion aims to enhance the apparent information in images as
well as to increase the reliability of the digital interpretation.
Therefore, an objective index has been proposed in this study
to meet the required quality of fused images when digital
applications are involved. In this regard, the RG index method
leads to more accurate pan-sharpening image assessment and
increased incorporation in applications such as image segmen-
tation and classification. The RG index has been designed
under the assumption of the separate and direct impact of

spectral component and spatial component on the quality of
fused image.

The assessment of SAM, SSIM, CC and UQI quality indi-
ces on IHS, IHS*, PCA, GS, BT, EHL, HPM, SWTand UNB
fusion algorithms have been implemented in this study.
Results show that the proposed index exhibits a subtle and
much higher discrimination capability by taking the spectral
and spatial components separately into account as opposed to
the previous approaches which took the whole image into
SAM, SSIM, CC and UQI index analyses.

References

Alipour Fard T, Hasanlou M, Arefi H (2014) Classifier fusion of high-
resolution optical and Synthetic Aperture Radar (SAR) Satellite im-
agery for classification in urban area. ISPRS Int Arch Photogramm
Remote Sens Spat Inf Sci XL-2/W3:25–29. doi:10.5194/
isprsarchives-XL-2-W3-25-2014

Alparone L, Baronti S, Garzelli A, Nencini F (2004a) A global quality
measurement of pan-sharpened multispectral imagery. IEEE Geosci
Remote Sens Lett 1:313–317. doi:10.1109/LGRS.2004.836784

Alparone L, Baronti S, Garzelli A, Nencini F (2004b) Landsat ETM+ and
SAR image fusion based on generalized intensity modulation. IEEE
Trans Geosci Remote Sens 42:2832–2839. doi:10.1109/TGRS.
2004.838344

Fig. 8 Comparison between RG index and old index in WorldView-2 data set. a SAM, b UQI, c CC and d SSIM

Arab J Geosci (2016) 9: 45 Page 9 of 10 45

http://dx.doi.org/10.5194/isprsarchives-XL-2-W3-25-2014
http://dx.doi.org/10.5194/isprsarchives-XL-2-W3-25-2014
http://dx.doi.org/10.1109/LGRS.2004.836784
http://dx.doi.org/10.1109/TGRS.2004.838344
http://dx.doi.org/10.1109/TGRS.2004.838344


Canny J (1986) A computational approach to edge detection. IEEE Trans
Pattern Anal Mach Intell PAMI 8:679–698. doi:10.1109/TPAMI.
1986.4767851

DadrasJavan F, Samadzadegan F (2014) An object-level strategy for pan-
sharpening quality assessment of high-resolution satellite imagery.
Adv Space Res 54:2286–2295. doi:10.1016/j.asr.2014.08.024

Du P, Liu S, Xia J, Zhao Y (2013) Information fusion techniques for
change detection from multi-temporal remote sensing images. Inf
Fusion 14:19–27. doi:10.1016/j.inffus.2012.05.003

Ehlers M (1991) Multisensor image fusion techniques in remote sensing.
ISPRS J Photogramm Remote Sens 46:19–30

Ghosh A, Joshi PK (2013) Assessment of pan-sharpened very high-
resolution WorldView-2 images. Int J Remote Sens 34:8336–8359.
doi:10.1080/01431161.2013.838706

Gonzalez RC, Woods RE, Eddins SL (2010) Digital image processing
using MATLAB. Tata McGraw Hill Education. https://books.
google.com/books?id=a_gBhCAyt2kC&dq=Digital+image+
p r o c e s s i n g +u s i n g +MATLAB&h l = e n& s a=X&ved=
0ahUKEwjFuvTmtbzJAhWKfxoKHUUlD_oQ6AEIHTAA

Hazini S, Hashim M (2015) Comparative analysis of product-level fu-
sion, support vector machine, and artificial neural network ap-
proaches for land cover mapping. Arab J Geosci 8:9763–9773.
doi:10.1007/s12517-015-1915-3

Helmy AK, El-Tawel GS (2015) An integrated scheme to improve pan-
sharpening visual quality of satellite images. Egypt Inform J 16:
121–131. doi:10.1016/j.eij.2015.02.003

Khan MM, Alparone L, Chanussot J (2009) Pansharpening quality as-
sessment using the modulation transfer functions of instruments.
IEEE Trans Geosci Remote Sens 47:3880–3891. doi:10.1109/
TGRS.2009.2029094

Laben CA, Brower BV (2000) Process for enhancing the spatial resolu-
tion of multispectral imagery using pan-sharpening. US6011875 A.
https://www.google.com/patents/US6011875

Nichol J, Wong MS (2005) Satellite remote sensing for detailed landslide
inventories using change detection and image fusion. Int J Remote
Sens 26:1913–1926

Pohl C, Hashim M (2013) Using advanced image fusion techniques to
increase the usability of Razaksat data for map updating in the tro-
pics. In: ACRS 2013. Bali, Indonesia

Pohl C, Van Genderen JL (1998) Review article multisensor image fusion
in remote sensing: concepts, methods and applications. Int J Remote
Sens 19:823–854

Saeidi V, Pradhan B, Idrees MO, Abd Latif Z (2014) Fusion of airborne
LiDAR with multispectral SPOT 5 image for enhancement of fea-
ture extraction using dempster-shafer theory. IEEE Trans Geosci
Remote Sens 52:6017–6025. doi:10.1109/TGRS.2013.2294398

Schowengerdt RA (2006) Remote sensing: models and methods for im-
age processing. Elsevier

Toet A, Franken EM (2003) Perceptual evaluation of different image
fusion schemes. Displays 24:25–37. doi:10.1016/S0141-9382(02)
00069-0

Tu T-M, Su S-C, Shyu H-C, Huang PS (2001) A new look at IHS-like
image fusion methods. Inf Fusion 2:177–186

Tu T-M, Huang PS, Hung C-L, Chang C-P (2004) A fast intensity-hue-
saturation fusion technique with spectral adjustment for IKONOS
imagery. IEEE Geosci Remote Sens Lett 1:309–312. doi:10.1109/
LGRS.2004.834804

Wald L, Ranchin T, Mangolini M (1997) Fusion of satellite images of
different spatial resolutions: assessing the quality of resulting im-
ages. Photogramm Eng Remote Sens 63:691–699

Wang Z, Bovik AC, Sheikh HR, Simoncelli EP (2004) Image quality
assessment: from error visibility to structural similarity. IEEE
Trans Image Process 13:600–612. doi:10.1109/TIP.2003.819861

Wang Z, Ziou D, Armenakis C et al (2005) A comparative analysis of
image fusion methods. IEEE Trans Geosci Remote Sens 43:1391–
1402. doi:10.1109/TGRS.2005.846874

Zhang Y (2002) A new automatic approach for effectively fusing Landsat
7 as well as IKONOS images. In: Geoscience and Remote Sensing
Symposium, 2002. IGARSS’02. 2002 I.E. International, vol. 4. pp
2429–2431

Zhang Y (2008) Methods for image fusion quality assessment—a review,
comparison and analysis. Int Arch Photogramm Remote Sens Spat
Inf Sci 37:1101–1109

45 Page 10 of 10 Arab J Geosci (2016) 9: 45

http://dx.doi.org/10.1109/TPAMI.1986.4767851
http://dx.doi.org/10.1109/TPAMI.1986.4767851
http://dx.doi.org/10.1016/j.asr.2014.08.024
http://dx.doi.org/10.1016/j.inffus.2012.05.003
http://dx.doi.org/10.1080/01431161.2013.838706
https://books.google.com/books?id=a_gBhCAyt2kC&dq=Digital+image+processing+using+MATLAB&hl=en&sa=X&ved=0ahUKEwjFuvTmtbzJAhWKfxoKHUUlD_oQ6AEIHTAA
https://books.google.com/books?id=a_gBhCAyt2kC&dq=Digital+image+processing+using+MATLAB&hl=en&sa=X&ved=0ahUKEwjFuvTmtbzJAhWKfxoKHUUlD_oQ6AEIHTAA
https://books.google.com/books?id=a_gBhCAyt2kC&dq=Digital+image+processing+using+MATLAB&hl=en&sa=X&ved=0ahUKEwjFuvTmtbzJAhWKfxoKHUUlD_oQ6AEIHTAA
https://books.google.com/books?id=a_gBhCAyt2kC&dq=Digital+image+processing+using+MATLAB&hl=en&sa=X&ved=0ahUKEwjFuvTmtbzJAhWKfxoKHUUlD_oQ6AEIHTAA
http://dx.doi.org/10.1007/s12517-015-1915-3
http://dx.doi.org/10.1016/j.eij.2015.02.003
http://dx.doi.org/10.1109/TGRS.2009.2029094
http://dx.doi.org/10.1109/TGRS.2009.2029094
https://www.google.com/patents/US6011875
http://dx.doi.org/10.1109/TGRS.2013.2294398
http://dx.doi.org/10.1016/S0141-9382(02)00069-0
http://dx.doi.org/10.1016/S0141-9382(02)00069-0
http://dx.doi.org/10.1109/LGRS.2004.834804
http://dx.doi.org/10.1109/LGRS.2004.834804
http://dx.doi.org/10.1109/TIP.2003.819861
http://dx.doi.org/10.1109/TGRS.2005.846874

	Quality assessment of pan-sharpening methods in high-resolution satellite images using radiometric and geometric index
	Abstract
	Introduction
	Fusion of MS images with corresponding Pan images
	The proposed RG index
	Geometric component of fused image
	Radiometric component of fused image
	RG index

	Experiments and results
	Implementation of fusion algorithms
	Quality assessment

	Conclusion
	References


