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Abstract: The most significant problem may be 

undesirable effects for the spectral signatures of 

fused images as well as the benefits of using fused 

images mostly compared to their source images 

were acquired at the same time by one sensor.  

They may or may not be suitable for the fusion of 

other images. It becomes therefore increasingly 

important to investigate techniques that allow 

multi-sensor, multi-date image fusion to make final 

conclusions can be drawn on the most suitable 

method of fusion. So, In this study we present a 

new method Segmentation Fusion method (SF) for 

remotely sensed images is presented by considering 

the physical characteristics of sensors, which uses a 

feature level processing paradigm.  In a 

particularly, attempts to test the proposed method 

performance on 10 multi-sensor images and 

comparing it with different fusion techniques for 

estimating the quality and degree of information 

improvement quantitatively by using various 

spatial and spectral metrics. 
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I. INTRODUCTION 

  Most of the newest remote sensing images provide 
data at different spatial, temporal, radiometric and 
Spectral resolutions, such as Landsat, Spot, Ikonos, 
Quickbird, Formosat, GeoEye or Orbview provide 
panchromatic PAN images at a higher spatial 
resolution than in their multispectral mode MS. 
Imaging systems somehow offer a tradeoff between 
high spatial and high spectral resolution, whereas no 
single system offers both [1]. This becomes remains 
challenging due to many causes, such as the various 
requirements, the complexity of the landscape, the 
temporal and spectral variations within the input data 
set [2]. So that image fusion has become a powerful 
solution to provide an image containing the spectral 
content of the original MS images with enhanced 
spatial resolution [3]. Often Image fusion techniques 
divided into three levels for processing fusion, 
namely: pixel level, feature level and decision level 
of representation. A large number of fusion or pan-

sharpening techniques have been suggested to 
combine MS and PAN images with the promise to 
minimize color distortion while retaining the spatial 
improvement of the standard data fusion algorithms. 
For example the image fusion techniques based on 
pixel level in the lectures Summarized as the 
fallowing: a) Arithmetic Combination techniques: 
such as Bovey Transform (BT) [4-8]; Color 
Normalized Transformation (CN) [9, 10]; 
Multiplicative Method (MLT) [11]. b) Frequency 
Filtering Methods: such as High-Pass Filter Additive 
Method (HPFA) [12, 13], High –Frequency- 
Addition Method (HFA)[13] , High Frequency 
Modulation Method (HFM) [13] and The Wavelet 
transform-based fusion method (WT) [15-17]. c) 
Component Substitution fusion techniques: intensity–
hue–saturation (HIS)*, YIQ and Hue Saturation 
Value (HSV) [18-22]. d) Statistical Methods: such as 
Local Mean Matching (LMM), Local Mean and 
Variance Matching (LMVM) [22-23], Regression 
variable substitution (RVS) [25-26], and Local 
Correlation Modeling (LCM) [27].  
     From previous studies to examine the benefits of 
image fusion techniques compared to their source 
images some them were acquired at the same time by 
one sensor (single-sensor, single-date fusion), for 
specific tasks yielded mixed results as well as 
contradiction results for same method for instance 
[19,28,29]. Thus, there is a need to investigate 
techniques that allow multi-sensor, multi-date image 
fusion is necessary to make final conclusions can be 
drawn on the most suitable method of fusion.  
   Therefore, this study, proposed a new method (SF) 
which uses a feature level processing paradigm for 
merging the images with different information i.e., 
spatial; spectral; temporal and radiometric resolution 
acquired by multi-sensors as well as comparing 
results it with selected methods from the mentions 
above, which that methods tested in our previous 
studies [30-33] as follows:  HFA; HFM; RVS; IHS, 
HSV and Edge Fusion (EF) were much better than 
the others methods. This paper also devotes to 
concentrate on the analytical techniques for 



 

evaluating the quality of image fusion (F) by using 
various spatial and spectral metrics.  
   The paper organized as follows: Section II 
illustrates a new proposed scheme of SF method. 
Section III includes the quality of evaluation of the 
fused images; section IV covers the experimental 
results and analysis then subsequently followed by 
the conclusion in Section V.   

II. A NEW PROPOSED FUSION TECHNIQUE (SF) 

     Segmentation refers to the process of partitioning 
an image into multiple segments. The SF was 
developed specifically for a spectral characteristics 
preserving image merge. It is based on IHS transform 
coupled with a spatial domain filtering for feature 
extraction.  
    The principal idea behind a spectral characteristics 
preserving image fusion is that the high R of PAN 
image has to sharpen the MS image without adding 
new gray level information to its spectral components. 
An ideal fusion algorithm would enhance high 
frequency changes by Feature extraction such as 
edges and high frequency gray level changes in an 
image without altering the MS components in 
homogeneous regions. To facilitate these demands, 
two prerequisites: 1) color and spatial information 
have to be separated. 2) The spatial information 
content has to be segmented and   manipulated in a 
way that allows adaptive enhancement of the images. 
The intensity  I���  of MS image is filtered with a low 
pass filter (LPF) [34] whereas the PAN image is 
filtered with an opposite high pass filter (HPF) [29, 
35]. Basically HPF consists of an addition of spatial 
details, taken from the PAN into MS image. In this 
study, to extract the PAN channel high P
��  
frequencies; a degraded or low-pass-filtered version 
of the PAN channel has to be created by applying the 
filter weights in a 3 x 3 convolution filter to 
computing a local average around each pixel in the 
image, is achieved. Since the goal of contrast 
enhancement is to increase the visibility of small 
detail in an image, subsequently, the (HPF) extracts 
the high frequencies using a subtraction procedure 
.This approach is known as Un-sharp masking (USM) 
[36]: P��
 = 	P	 − 	P���             (1) 
When this technique is applied, it leads to the 
enhancement of all high spatial frequency detail in an 
image including edges, line and points of high 
gradient [37].  I∗ = I��� + P�
�   (2) 
The low pass filtered intensity (I���) of MS and the 
high pass filtered PAN band (P�
�) are added and 
matched to the original intensity using the mean and 
standard deviation adjustment, which is also called 

adaptive contrast enhancement in [38], as the 
following:           I∗��� = I̅ + (I∗ − I̅∗) σ�

σ�∗        (3) σ and Mean adaptation are, in addition, a useful 
means of obtaining images of the same bit format 
(e.g., 8-bit) as the original MS image [39].  After 
filtering and matching processing, the images are 
transformed back into the spatial domain with an 
inverse IHS and added together (I∗) to form a fused 
intensity component with the low frequency 
information from the low resolution MS image and 
the high-frequency information from the PAN image. 
This new intensity component and the original hue 
and saturation components of the MS image form a 
new IHS image. As the last step, an inverse	IHS 
transformation produces a fused RGB image that 
contains the spatial resolution of the PAN image and 
the spectral characteristics of the MS image. An 
overview flowchart of the SF method is presented in 
Fig. 1   

III. QUALITY EVALUATION OF THE FUSED 

IMAGES 

 This section describes the various spatial and 
spectral quality metrics used to evaluate them for 
fused images. To explain the algorithms through this 
study, the pixel should have the same spatial 
resolution from two different sources that are 
manipulated to obtain the resultant image. Therefore, 
the MS images resample to the same size of PAN by 
neighbor manipulation. The spectral fidelity of the 
fused images with respect to the spectral 
characteristics of re-sampled original MS images 
while the spatial properties compared to the PAN 
image. The following notations will be used: Ρ as a 
digital number DN for PAN image, F 		, M are the 
measurements of each the brightness pixels values of 
the result image and the original MS image of band #, M$  and F% are the mean brightness values of both 
images and are of size 	M ∗ 	N , 	Bv	  is the brightness 
value of image data M$  and F% .  
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A. Spectral Quality Metrics 

 

1. Deviation Index (01)[36]:  2/3 = 456∑ ∑ |9:(;,<)=>:(;,<)|>:(;,<)6<5;     (4) 

2. Signal-to Noise Ratio (?@A)[14]:  

             BCD3 = E ∑ ∑ (9:(;,<))FGHIJ∑ ∑ (9:(;,<)=>:(;,<))FGHIJ         (5) 

3. Normalization Root Mean Square Error 

(NRMSE) [30]: 

CDKBL3 = M 456∗NOOF∑ ∑ (P3(Q, R) − K3(Q, R))N6<5;   

(6) 

B. Spatial improvement evaluation 
 

1)   Filtered Correlation Coefficients (FCC): In 
[31] this approach was introduced for the 
calculation of the FCC.  A high-pass HP filter 
with a 3x3 Laplacian kernel is first applied to the 
PAN image and to each band of the fused image. 
Then the correlation coefficients between the HP 
filtered bands and the HP filtered PAN image are 
calculated. According to [1]. The FCC value 
close to one indicates high spatial quality.  

2) High Pass Deviation Index (HPDI): This 
study employed the proposed quality metric 
in [40] to measure the amount of edge 
information from the PAN image is 
transferred into the fused images. This 
approach also, HP filter with a 3x3 Laplacian 
kernel applied to the PAN image S and the fused 
imagePTS	#. Then the deviation index between 

theSUV and the fused PTS	#  images would 
indicate how much spatial information from the 
PAN image has been incorporated into the KB  
image to obtain HPDI as follows [40]: 

TS2/3 = 1XYZZ|PUV	3(Q, R) − SUV(Q, R)|S(Q, R)
6
<

5
;

			 
(7) 

The larger value HPDI the better image quality.  
Indicates that the fusion result it has a high spatial 
resolution quality of the image.  

3) Contrast Statistical Analysis (CSA): many 
formulize were found in lecture to calculate 
the contrast as Modulation transfer function 
(MTF) in [31] and referred to Michelson 
Contrast C
 in [33]. This study used the 
CSA to evaluation the quality of the spatial 
resolution based on contrast calculation of each 
the edge and homogenous regions in [41].  

IV. EXPERIMENTAL &ANALYSIS RESULTS 

   This work is an attempt to study the quality of the 
images fused for multi-sensor and multi-data with 
various characteristics. The above assessment 
techniques are tested results for different image 
fusion techniques   including: EF, HFA, HFM, HSV, 
IHS, RVS, and SF methods. The pairs of images 
were geometrically registered to each other. The 
original MS& Pan images are shown in (Fig.2) and 
the fused images are shown in (Fig. 2) as well as the 
data of the Image Sources and the sensor 
characteristics tabulated in table (1). Here, to explain 
the results well are denoted for each pairs as Sen.1, 2, 
3…, 10 in table (1).  

                                                  
Table (1): Test Image Sources, Location and Imaging Sensor Characteristics 

Test case 
No 

Test Image Pairs Sources 
ground 

resolution(m) 
Geographical 

Location 

Spectral 
range of Pan 

(µm) 

Spectral range of 
Multispectral (µm) 

Sen.1 
ASTER MS&IRS-1C 

PAN3 
(15,5)  0.51 – 0.73 

VNIR (0.52-0.60 ) 
(0.63-0.69) 
(0.78-0.86 ) 

Sen.2 IKONOS-2 MS&PAN (4,1) 
 part of Sherbrooke 
city area, Quebec, 

Canada, 
760 - 850 

B(455 – 520) 
G(510 - 600 ) 
R(630 - 700  

Sen.3 
SPOT5 MS& IKONOS 

PAN 
(20,1) 

near Santo 
Domingo de la 
Calzada, Spain 

0.45 – 0.90 
G(0.50 - 0.59) 
R(0.61 - 0.68) 

NIR (0.79-0.89) 

Sen.4 
LANDSAT TM & SPOT 

PAN 
(30,10) 

Ningxia area, the 
western of 

China 
0.51 – 0.73 

B(0.45 - 0.52) 
G(0.52 - 0.60) 
R(0.63 - 0.69) 

Sen.5 SPOT HRV MS & PAN (20,10) 
Tang – Dynasty in 

the PR China 
0.51 – 0.73 

G(0.50 - 0.59) 
R(0.61 - 0.68) 

NIR(0.79 - 0.89) 

Sen.6 
LANDSAT  TM MS  & 

SPOT5 PAN 
(30,10) 

Tang – Dynasty in 
the PR China 

0.51 – 0.73 
B(0.45 - 0.52) 
G(0.52 - 0.60) 
R(0.63 - 0.69) 

Sen.7 
LANDSAT TM MS & 

IRS-1C PAN 
([30,5.8) 

Tang – Dynasty in 
the PR China 

0.51 – 0.73 
B(0.45 - 0.52) 
G(0.52 - 0.60) 



 

R(0.63 - 0.69) 

Sen.8 IRS -1C III &  PAN (23.5,5.8) 
Tang – Dynasty in 

the PR China 
0.51 – 0.73 

G(0.52 - 0.59 
R(0.62 - 0.68) 

NIR(0.77 - 0.86) 

Sen.9 SPOT4 MS& SAR  
plantation Au-Ku 
in western of 

Taiwan. 
 

G(0.52 - 0.59 
R(0.62 - 0.68) 

NIR(0.77 - 0.86) 

Sen.10 Quickbird MS&PAN (2.8, 0.7) 
Pyramid area of 
Egypt 

0.45 – 0.90 
B(0.45 - 0.52) 
G(0.52 - 0.60) 
R(0.63 - 0.69) 

 

 
Fig.1: The Original MS & PAN Images for Fusion 
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 Fig.3: A set of 7 Fused Images From Sen. 2 In Fig.1 
             SF                       RVS
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                                      IHS          SF          RVS

Fig.2: A set of 7 Fused Images From Sen. 1 In Fig.1 
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 Fig.5: A set of 7 Fused Images From Sen. 4 In Fig.1 

  

 
EF                                     HFA                                HFM                                 HSV  

 
IHS SF        RVS

  Fig.4: A set of 7 Fused Images From Sen. 3 In Fig.1 



 

 

 

 

  
EF                                   HFA                                 HFM                                  HSV   

  
IHS      SF   RVS

Fig.6: A set of 7 Fused Images From Sen. 5 In Fig.1
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Fig.7: A set of 7 Fused Images From Sen. 6 In Fig.1



 

 

 

   
        

  
EF                                  HFA                                HFM                                 HSV  

  
IHS                          SF                 RVS  

    Fig.9: A set of 7 Fused Images From Sen. 8 In Fig.1

  

 

 

 

 

 

 

 

 

 

 

Fig.8: A set of 7 Fused Images From Sen. 7 In Fig.1 
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EF                                 HFA                               HFM                                 HSV 

 
IHS                           RVS                                     SF 

Fig.11. A set of 7 fused images from Sen.10 in Fig. 1. 
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IHS                SF                              RVS  

     Fig.10: A set of 7 Fused Images From Sen. 9 In Fig.1 



 

 

A. ANALYSISES RESULTS 
a. Spectral Quality Metrics Results: 

Results of the SNR,  NRMSE and DI appear 
changing significantly.  It can be observed from Table 
(2, 3 and 4) with the diagram Fig. 13 for results SNR, NRMSE & DI of the fused image for each pairs 
images, the proposed SF method gives the best results 
with respect to the other methods for all sensors 
excepted Sen.10. Means  that this method maintains 
most of information spectral content of the original 
MS data set which gets the same values presented the 
lowest value of the NRMSE  and DI as well as the 
high of the SNR.  Also, the IHS, HSV and EF 
methods have the lowest values of SNR with high 
values for NRMSE and DI.  

 
Due to the large values DI of IHS in the Fig.12c 

totally veiled Note the differences are obvious to the 
rest of the modalities of the merger has been canceled 
so the values of DI for IHS in the Fig.12d. We note 
from Fig.12d the differences are clear to the values of 
DI for the various techniques applied to all images of 
the various sensors applied during this study. Less 
value for DI was with SF method except both Sen.9 & 
10 and that their values are also high for the various 
technologies. And study the impact of the results of 
the different techniques of integration according to the 
different sensors in the maintenance of the spectral 
features of the original images and found that their 
performance is almost the same performance, whether 
bad or good. The best result of the various methods is 
a SF method. The best outcome of the consolidation 
of the various methods with the Indian Sen.8 of 
sensors, while the worst results for all techniques of 
integration on all image pairs  of the different sensors 
with the Sen.9 & 10. Therefore, in the future need to 
study the methods meet the requirements of efficient 
integration of these sensors.  
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Fig.12: Chart Representation of SNR, NRMSE & DI Of Fused 
Images for Multi-Sensor 
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Table 2: Quantitative Analysis of SNR Results of Different Sensors Fused Images 
Method Band Sen.1 Sen.2 Sen.3 Sen.4 Sen.5 Sen6 Sen.7 Sen.8 Sen.9 Sen.10 

EF 

R 1.904 2.622 1.939 4.735 2.493 2.711 2.742 2.307 1.758 2.376 
G 2.079 2.656 2.637 3.069 2.699 2.521 2.546 3.206 2.177 2.279 
B 1.98 2.474 2.573 3.016 3.064 2.34 2.359 3.649 2.727 2.262 

HFA 

R 7.062 5.497 4.863 5.275 5.112 7.088 9.107 7.224 4.89 6.735 
G 7.668 5.489 6.475 4.892 5.647 6.649 8.518 10.165 6.368 6.587 
B 7.269 5.159 6.382 4.933 6.326 6.222 7.946 11.865 6.434 6.549 

HFM 

R 8.461 6.092 4.706 6.196 5.23 5.587 8.66 9.305 6.59 6.189 
G 8.502 5.908 5.232 5.538 5.108 5.518 8.581 9.242 7.245 6.306 
B 8.415 5.73 5.067 5.903 5.252 5.493 8.388 9.605 6.986 6.053 

HSV 

R 3.289 3.344 1.785 3.082 2.227 2.281 2.529 1.965 2.368 2.639 
G 3.56 3.404 2.371 1.87 2.427 2.108 2.345 2.735 3.994 2.518 
B 3.409 3.128 2.314 1.881 2.793 1.949 2.162 3.135 3.48 2.477 

IHS 

R 2.649 2.771 2.031 4.163 1.969 3.743 4.063 1.976 2.002 3.97 
G 3.037 2.947 3.253 2.796 2.748 3.448 3.801 3.365 2.117 3.739 
B 2.979 2.798 3.133 3.381 3.072 3.338 3.69 5.128 1.344 3.789 

RVS 

R 6.297 4.507 4.718 4.932 3.949 4.207 5.936 6.471 4.881 6.222 
G 6.403 4.41 4.955 4.545 3.843 4.174 5.887 5.767 5.78 6.18 
B 6.251 4.265 4.71 4.801 3.853 4.181 5.8 6.102 5.332 5.853 

SF 

R 6.19 6.035 6.27 9.899 6.821 9.268 11.422 9.797 4.864 10.012 
G 6.6 6.117 8.226 6.836 7.505 8.722 10.732 13.67 6.708 9.718 
B 6.369 5.757 8.169 6.775 8.365 8.257 10.144 15.437 6.514 9.661 

 
Table 3: Quantitative Analysis of NRMS Results of Different Sensors Fused Images 

Method Band Sen.1 Sen.2 Sen.3 Sen.4 Sen.5 Sen6 Sen.7 Sen.8 Sen.9 Sen.10 

EF R 0.227 0.125 0.181 0.104 0.142 0.178 0.173 0.162 0.145 0.188 
G 0.227 0.126 0.182 0.104 0.147 0.178 0.173 0.163 0.168 0.188 
B 0.227 0.125 0.183 0.104 0.148 0.177 0.173 0.163 0.143 0.187 

HFA R 0.086 0.076 0.100 0.07 0.087 0.087 0.068 0.072 0.072 0.091 
G 0.084 0.077 0.097 0.081 0.090 0.088 0.069 0.065 0.076 0.091 
B 0.086 0.077 0.096 0.079 0.089 0.089 0.070 0.062 0.074 0.09 

HFM R 0.071 0.068 0.102 0.091 0.088 0.112 0.071 0.055 0.053 0.1 
G 0.076 0.071 0.119 0.07 0.100 0.108 0.068 0.071 0.066 0.095 
B 0.074 0.069 0.12 0.064 0.108 0.103 0.066 0.076 0.068 0.098 

HSV R 0.151 0.101 0.189 0.142 0.155 0.200 0.182 0.179 0.113 0.172 
G 0.151 0.101 0.196 0.142 0.158 0.200 0.182 0.180 0.110 0.173 
B 0.151 0.101 0.196 0.141 0.158 0.200 0.182 0.181 0.113 0.173 

IHS R 0.341 0.213 0.401 0.158 0.379 0.202 0.189 0.444 0.270 0.194 
G 0.296 0.199 0.201 0.189 0.233 0.213 0.196 0.236 0.325 0.204 
B 0.291 0.198 0.201 0.14 0.190 0.210 0.192 0.135 0.340 0.195 

RVS R 0.095 0.088 0.097 0.113 0.112 0.145 0.102 0.077 0.070 0.097 
G 0.099 0.092 0.121 0.083 0.128 0.139 0.098 0.112 0.083 0.095 
B 0.098 0.089 0.125 0.078 0.142 0.132 0.094 0.118 0.087 0.099 

SF R 0.1 0.071 0.079 0.058 0.069 0.070 0.056 0.054 0.075 0.063 
G 0.1 0.071 0.078 0.058 0.070 0.070 0.056 0.049 0.074 0.063 
B 0.1 0.071 0.077 0.058 0.069 0.070 0.056 0.048 0.075 0.063 

 

Table 4: Quantitative Analysis of DI Results of Different Sensors Fused Images 
Method Band Sen.1 Sen.2 Sen.3 Sen.4 Sen.5 Sen6 Sen.7 Sen.8 Sen.9 Sen.10 

EF R 0.348 0.296 0.363 0.192 0.320 0.208 0.226 0.312 0.580 0.358 
G 0.323 0.267 0.429 0.242 0.238 0.222 0.242 0.216 0.536 0.417 
B 0.323 0.294 0.475 0.248 0.204 0.238 0.261 0.187 0.402 0.563 

HFA R 0.135 0.209 0.193 0.119 0.230 0.129 0.079 0.124 0.392 0.452 
G 0.125 0.182 0.319 0.149 0.166 0.149 0.086 0.069 0.265 0.585 
B 0.126 0.196 0.362 0.151 0.138 0.183 0.095 0.059 0.259 0.928 

HFM R 0.09 0.132 0.161 0.131 0.152 0.146 0.080 0.087 0.104 0.256 
G 0.089 0.132 0.156 0.133 0.151 0.148 0.081 0.078 0.099 0.263 
B 0.089 0.132 0.157 0.133 0.149 0.149 0.082 0.076 0.103 0.292 

HSV R 0.235 0.169 0.32 0.231 0.352 0.259 0.205 0.365 0.440 0.329 
G 0.208 0.154 0.314 0.307 0.241 0.276 0.218 0.252 0.476 0.375 



 

B 0.224 0.164 0.338 0.345 0.213 0.298 0.232 0.219 0.307 0.581 
IHS R 0.174 0.178 0.158 0.174 0.223 0.193 0.111 0.130 0.239 0.249 

G 0.165 0.175 0.161 0.172 0.205 0.195 0.113 0.114 0.221 0.258 
B 0.165 0.176 0.165 0.171 0.203 0.197 0.115 0.112 0.228 0.29 

RVS R 0.215 0.161 0.128 0.106 0.195 0.089 0.073 0.122 0.434 0.417 
G 0.185 0.141 0.268 0.124 0.121 0.097 0.080 0.056 0.261 0.563 
B 0.192 0.152 0.314 0.123 0.101 0.107 0.087 0.049 0.261 0.956 

SF R 0.348 0.296 0.363 0.192 0.320 0.208 0.226 0.312 0.580 0.358 
G 0.323 0.267 0.429 0.242 0.238 0.222 0.242 0.216 0.536 0.417 
B 0.323 0.294 0.475 0.248 0.204 0.238 0.261 0.187 0.402 0.563 

 

b. Spatial Quality Metrics Results:  

       Table 5, 6 &7 with Fig. 13 show the result 
of different sensors fused images using various 
methods. It is clearly that the seven fusion methods 
are capable of improving the spatial resolution with 
respect to the original MS image for all different 
sensors. Note from Fig.13a as well as Table5 results, 
where disorder results cannot distinguish between 
which is better, or vice versa. The reason for that is 
the different spatial and spectral feature recorded for 
the various sensors. So is not recommended for using 
as the spatial criterion with images of different 
sensors. According to the computation results, FCC 
in Table7 and Fig.13c the increase FCC indicates the 
amount of edge information from the PAN image 
transferred into the fused images in quantity of 

spatial resolution through the merging. The 
maximum results of FCC From table7 and Fig.13c 
were with all methods except the EF and RVS 
methods. Also, the lowest enhancements of the 
spatial resolution for all sensors were with Sen.9&10. 
The results of HPDI in Fig.13b and Table6 better 
than FCC or Contrast results in Fig.13 it is appear 
changing significantly.  The approach of HPDI as the 
spatial quality metric is more important than the other 
spatial quality matrices to distinguish the best spatial 
enhancement through the merging. It can be observed 
that from Fig.13b and Table6 the maximum results of 
HPDI it was with the EF and SF methods. The EF 
has the highest values of HPDI even so the details do 
not match the spatial image of the original for 
enhancing the spatial resolution because it depends 
on the emphasis filtering techniques.  

 

 

Table 5: Quantitative Analysis of Contrast Results of Different Sensors Fused Images 
Method Band Sen.1 Sen.2 Sen.3 Sen.4 Sen.5 Sen6 Sen.7 Sen.8 Sen.9 Sen.10 

EF R 0.332 0.554 0.523 0.468 0.569 0.287 0.310 0.406 0.974 0.56 
G 0.307 0.490 0.464 0.379 0.409 0.312 0.333 0.286 0.936 0.587 
B 0.318 0.543 0.482 0.427 0.345 0.343 0.367 0.172 0.578 0.605 

HFA R 0.312 0.603 0.460 0.461 0.507 0.339 0.352 0.381 0.865 0.618 
G 0.291 0.554 0.491 0.374 0.401 0.365 0.380 0.295 0.883 0.64 
B 0.295 0.591 0.501 0.428 0.352 0.393 0.380 0.204 0.522 0.655 

HFM R 0.305 0.587 0.463 0.474 0.557 0.381 0.355 0.367 0.858 0.623 
G 0.289 0.538 0.517 0.358 0.463 0.407 0.381 0.299 0.882 0.648 
B 0.29 0.573 0.528 0.403 0.415 0.435 0.412 0.212 0.520 0.671 

HSV R 0.208 0.439 0.486 0.449 0.627 0.345 0.225 0.454 0.784 0.573 
G 0.199 0.377 0.435 0.337 0.401 0.366 0.253 0.276 1.005 0.598 
B 0.199 0.39 0.456 0.47 0.358 0.405 0.279 0.155 0.407 0.617 

 

 
                  Fig.13a :Contrast                                                  Fig.13b :HPDI                                                     Fig.13c :FCC 

Fig.13: Chart Representation of Contrast, HPDI & FCC of Different Sensors Fused Image 

0

0.2

0.4

0.6

0.8

1

1.2

R G B R G B R G B R G B R G B R G B R G B

EF HFA HFM HSV IHS RVS SF

Contrast

Sen.1 Sen.2 Sen.3 Sen.4 Sen.5 Sen6 Sen.7 Sen.8 Sen.9 Sen.10

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

R G B R G B R G B R G B R G B R G B R G B

EF HFA HFM HSV IHS RVS SF

HPDI

Sen.1 Sen.2 Sen.3 Sen.4 Sen.5 Sen6 Sen.7 Sen.8 Sen.9 Sen.10

0

0.2

0.4

0.6

0.8

1

1.2

R G B R G B R G B R G B R G B R G B R G B

EF HFA HFM HSV IHS RVS SF

FCC

Sen.1 Sen.2 Sen.3 Sen.4 Sen.5 Sen6 Sen.7 Sen.8 Sen.9 Sen.10

             Fig.13a: Contrast                                                          Fig.13b: HPDI                                             Fig.13c: FCC 
Fig.13: Chart Representation of Contrast, HPDI & FCC of Different Sensors Fused Images 

 



 

IHS R 0.183 0.384 0.291 0.37 0.295 0.343 0.225 0.156 0.414 0.569 
G 0.179 0.395 0.371 0.3 0.388 0.362 0.244 0.182 0.393 0.587 
B 0.207 0.405 0.406 0.429 0.427 0.388 0.265 0.220 0.860 0.618 

RVS R 0.295 0.576 0.482 0.494 0.571 0.417 0.354 0.352 0.852 0.657 
G 0.281 0.527 0.542 0.379 0.477 0.440 0.379 0.283 0.901 0.679 
B 0.281 0.56 0.551 0.433 0.433 0.467 0.408 0.205 0.525 0.7 

SF R 0.24 0.513 0.394 0.424 0.487 0.331 0.332 0.330 0.793 0.57 
G 0.228 0.466 0.446 0.301 0.385 0.354 0.356 0.274 0.835 0.592 
B 0.227 0.497 0.458 0.359 0.340 0.381 0.383 0.183 0.473 0.61 

 
Table 6: Quantitative Analysis of HPDI Results of Different Sensors Fused Images 

Method Band Sen.1 Sen.2 Sen.3 Sen.4 Sen.5 Sen6 Sen.7 Sen.8 Sen.9 Sen.10 

EF R -0.008 0.287 0.416 -0.13 0.056 0.002 0.025 0.026 0.077 0.162 
G -0.004 0.292 0.502 0.095 0.030 -0.004 0.025 0.019 0.126 0.158 
B -0.008 0.284 0.51 -0.085 0.037 -0.006 0.022 0.022 0.076 0.163 

HFA R -0.002 0.056 0.161 -0.028 0.029 0.004 -0.017 -0.011 0.043 0.067 
G -0.004 0.054 0.102 0.014 0.023 0.006 -0.013 -0.029 0.030 0.074 
B -0.022 0.053 0.11 -0.002 0.011 0.007 -0.009 -0.032 0.040 0.078 

HFM R 0.08 0.161 0.147 0.105 0.094 0.071 0.058 0.086 0.081 0.065 
G 0.069 0.161 0.102 0.11 0.094 0.082 0.069 0.037 0.071 0.058 
B 0.046 0.158 0.103 0.103 0.074 0.089 0.077 0.027 0.103 0.029 

HSV R -0.059 0.039 0.133 -0.026 0.014 -0.004 0.014 0.010 0.050 0.046 
G -0.071 0.036 0.099 -0.019 0.004 -0.007 0.011 0.010 0.055 0.044 
B -0.069 0.038 0.105 0.04 0.005 -0.004 0.011 0.013 0.049 0.047 

IHS R -0.151 0.086 0.059 -0.043 0.003 0.011 0.029 -0.020 0.083 0.038 
G 0.083 0.087 0.111 -0.006 0.029 0.021 0.032 0.024 0.044 0.043 
B -0.096 0.092 0.138 -0.024 0.031 0.021 0.034 0.022 0.074 0.066 

RVS R 0.002 0.049 0.052 -0.12 -0.141 -0.233 -0.064 -0.016 0.025 0.049 
G 0.006 0.04 0.042 -0.107 -0.208 -0.211 -0.053 0.068 0.001 0.034 
B 0.014 0.04 0.045 -0.087 -0.236 -0.191 -0.046 -0.079 0.023 0 

SF R 0.06 0.181 0.265 0.033 0.113 0.113 0.074 0.090 0.121 0.137 
G 0.06 0.18 0.23 0.055 0.105 0.115 0.080 0.084 0.115 0.138 
B 0.064 0.178 0.213 0.068 0.107 0.112 0.080 0.081 0.110 0.137 

 
Table 7: Quantitative Analysis of FCC Results of Different Sensors Fused Images 

Method Band Sen.1 Sen.2 Sen.3 Sen.4 Sen.5 Sen6 Sen.7 Sen.8 Sen.9 Sen.10 

EF R 0.662 0.563 0.463 0.638 0.341 0.315 0.464 0.405 0.245 0.418 
G 0.661 0.561 0.499 0.454 0.283 0.303 0.446 0.469 0.237 0.412 
B 0.65 0.559 0.495 0.517 0.308 0.291 0.426 0.534 0.252 0.409 

HFA R 0.921 0.849 0.865 0.856 0.744 0.755 0.857 0.838 0.655 0.906 
G 0.92 0.853 0.865 0.863 0.754 0.758 0.856 0.856 0.720 0.901 
B 0.913 0.849 0.866 0.88 0.753 0.759 0.854 0.858 0.669 0.893 

HFM R 0.954 0.84 0.771 0.834 0.707 0.755 0.845 0.792 0.540 0.897 
G 0.947 0.846 0.769 0.82 0.678 0.749 0.834 0.862 0.653 0.89 
B 0.941 0.841 0.769 0.869 0.699 0.741 0.821 0.886 0.586 0.872 

HSV R 0.816 0.919 0.932 0.86 0.798 0.815 0.860 0.805 0.710 0.914 
G 0.804 0.925 0.913 0.831 0.827 0.820 0.856 0.871 0.720 0.912 
B 0.8 0.922 0.917 0.891 0.827 0.823 0.852 0.889 0.652 0.901 

IHS R 0.808 0.92 0.909 0.876 0.808 0.804 0.853 0.816 0.720 0.909 
G 0.808 0.924 0.937 0.893 0.857 0.818 0.857 0.884 0.681 0.911 
B 0.814 0.925 0.939 0.886 0.868 0.824 0.856 0.888 0.751 0.91 

RVS R 0.902 0.737 0.601 0.683 0.473 0.383 0.539 0.625 0.365 0.556 
G 0.894 0.734 0.584 0.657 0.413 0.387 0.540 0.577 0.381 0.557 
B 0.894 0.734 0.58 0.706 0.411 0.392 0.536 0.596 0.367 0.547 

SF R 0.857 0.897 0.828 0.812 0.647 0.608 0.769 0.759 0.505 0.785 
G 0.85 0.895 0.832 0.78 0.661 0.606 0.766 0.803 0.572 0.784 
B 0.846 0.893 0.834 0.813 0.669 0.602 0.761 0.802 0.512 0.774 

V. CONCLUSION

 
In ideal condition, a good image fusion method tries 
to generate the image on any sensor would obtain if it 
had the same spectral signature of the original MS 

sensor with the spatial resolution of the PAN sensor. 
So, this paper goes through the comparative studies 
undertaken by different measures for assessing the 
quality of fused images has been conducted. A total 



 

of 10 image pairs with different types of land covers 
multi-sensor and multi-data are used to examination 
the proposed a approach SF method and compare it 
with Image Fusion techniques as follows: HFA, 
HFM, IHS, RVS, HSV and EF. Experimental results 
with spatial and spectral quality matrices evaluation 
further show that the proposed SF technique based on 
feature level fusion maintains the spectral integrity 
for MS image as well as improved as much as 
possible  the spatial quality of the PAN image with 
all 10 image pairs except with Sen.10. The use of the 
SF based fusion technique is strongly recommended 
if the goal of the merging is to achieve the best 
representation of the spectral information of 
multispectral image and the spatial details of a high-
resolution PAN image. Because it is based on 
Component Substitution fusion techniques coupled 
with a spatial domain filtering. It utilizes the 
statistical variable between the brightness values of 
the image bands to adjust the contribution of 
individual bands to the fusion results to reduce the 
color distortion.  
    Also, observed the impact of merge different 
sensor images during this study that the different 
methods of fusion techniques on images for different 
sensors are the same performance, whether good or 
vice versa, whether different sensors or images did 
not differ. In other words, the impact of the merger is 
no different in different images of different sensors 
appear almost the same result. It also concluded 
through this study that all fusion techniques applied 
during this study, the results were bad with the sen.10 
and the reason is due to the large difference in the 
percentage of resolution of spatial between MS and 
PAN images. And it is proposed to study the 
modalities for the integration to meet that 
requirement to those for the integration of these 
sensors.  
 
     The HPDI gave the smallest different ratio 
between the image fusion methods, therefore, it is 
strongly recommended to use HPDI for measuring 
the spatial resolution because of its mathematical and 
more precision as quality indicator. As concluded in 
this study the accuracy of the different criteria used to 
assess the performance efficiency of the merger. 
Therefore we recommend in the future studying more 
thoroughly the different criteria for evaluating the 
performance of the merger.  
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