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 Abstract: Image fusion is the process of merging two or more 

relevant information into one image. The resulted image will 

have more information than original images. Multispectral 

image (MS) is obtained from satellite, Multispectral image 

having rich spectral information and low spatial resolution. 

MS have less information which is not suitable for remote 

sensor application. Panchromatic (PAN) image is one of the 

types of satellite images. PAN images have more spectral 

information but low spatial information. In remote sensing 

application more spatial and spectral information is required, 

so merging MS and PAN will result in rich spatial and 

spectral information. Many fusion algorithms are supported 

to fuse MS and PAN. Some techniques are principal 

component analysis, discrete wavelet transform, pixel-level 

image fusion and multi-sensor image fusion. In this paper we 

discussed about discrete wavelet transform. Qualitative 

analysis determines the performance of fused image by 

comparison between original image and resulted fused image. 

Some qualitative metrics are evaluated using Relative global 

dimensional synthesis error (ERGAS), Cross correlation (CC) 

and Spectral angle mapper (SAM). This paper reviews about 

DWT technique and comparision between DWT and PCA 

using some quality metrics.  

 

Keywords: Color space conversion, Interpolation, Wavelet 

transform and quality metrics. 

I. INTRODUCTION 

Remote sensor can gather the information, area 

and phenomenon of an object without physical contact of 

an object. Human eyes are considered as good example of a 

remote sensing device. Due to the help of sunlight and light 

bulb human can gather the information about their 

surrounding objects, Human  can sense the object only if 

the object fall in visible spectrum. Some devices contact 

the object and measure some value that are not considered 

as remote sensor for example thermometer. The remote 

sensor is more specifically used for gathering information 

of interactions between earth surface materials and 

electromagnetic energy.  

Energy source sensors can be divided into two 

main groups they are: passive and active sources.  Passive 

sources capture sun’s radiation reflected from the imaging 

location. No radiation is generated by the source itself. 

Active Sources generate signal of a particular nature which 

is then reflected from the imaging location and captured 

back by the source [1]. The received signal provides 

information about the reflectance properties of the imaging 

location. In earlier days photography sun was the major 

energy source, but today’s photography can be taken 

without help of sun light.    

When electromagnetic energy incursions a 

material, three types of interaction can take place they are 

reflection, absorption and transmission. For the remote 

sensor main concern is with the reflection portion because 

remote sensor senses the objects that are from reflected. 

How much reflected will vary depend upon the nature of 

the material and electromagnetic energy. 

The remote sensor provides the product like 

panchromatic, multispectral, hyperspectral and ultraspectral 

image. Different band of image occur due to the different 

electromagnetic spectrum fall on the earth surface. Among 

this all panchromatic image have rich in spatial resolution, 

To increase spatial resolution of MS image must be fused 

with PAN image [2]. Many algorithms are proposed for 

fusing MS and PAN image in this paper discussed about 

discrete wavelet transform (DWT). 

This paper is organized as follows: Section II 

presents a review on existing techniques for fusion of MS 

and PAN image. Section III describes about methodology. 

Section IV gives details regarding results and performance 

metrics. Section V describes about conclusion. 

 

 II. LITERATURE SURVEY 

A brief survey is carried out in order to work with 

the proposed method and discussed in this section. A 

Genetic Algorithm (GA) fusion method based on IHS 

(Intensity Hue Saturation) transform is presented in [3]. 

GA algorithm assumed that MS image having 4 bands and 

scale ration between PAN and MS is 1:4. First step is to 

GA algorithm compute model parameter at degraded scale 

by factor of 4 and by using original MS and reference 

image for Q4 maximization. The resulting weights for 

generalized intensity computation αi and injection model 

parameter gi are used in GA fusion in order to produce MS 

image at the same spatial resolution of PAN image. 

Disadvantage of the GA is it introduces small ringing 

artifacts due to filtering operation for extraction of spatial 

details in PAN image. Illustrate curvelet transform of 

fusing multispectral and panchromatic image. Curvlets 

method is proposed in [4] takes basic elements, which 

shows high directional sensitivity and highly anisotropic. In 

curvlet transform representing edge better than wavelets 

and edges are used for extracting detailed spatial 

information in an image. Induction scaling technique is 

presented in [5] for fusing PAN and MS image. Induction 

method using Smoothing filter based intensity modulation 

(SFIM). SFIM first upsample the MS image so resulted MS 

image have same size as PAN image. Next step is adding 
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high frequency content of PAN image to MS image or 

substitution spectral intensity to PAN image. 

III. METHODOLOGY 

The whole stream of the proposed work is 

partitioned into five modules as appeared in the Figure 1. 

The five modules are: Acquisition of image, color space 

conversion, DWT, inverse DWT and performance metrics. 

The MS and PAN image is given as input MS image is in 

RGB form first it is converting to HSV color form. Next 

step is apply DWT on PAN image DWT method 

decompose the PAN image until resolution become MS 

resolution. MS image is replaces the Low Low (LL) pass 

band in PAN image. After DWT method inverse DWT is 

applied to combine the decomposition components. 

 

 

 

 

 

 

 
Figure 1: Architecture diagram for the proposed system. 

A. Image Acquisition 

Images are acquired with the help of sensor.  The 

image of the earth is captured by most optical earth 

observation satellites such as Landsat, Quickbird, 

IKONOS, Geoeye-I, etc are presented in Google satellite 

database [6]. 

B. Color space conversion 

PAN image is gray scale MS is RGB color form. 

To fuse PAN and MS convert RGB form MS image to 

HSV color form. Using matlab build in function 

hsv=rgb2hsv(rgb) converts RGB values to appropriate hue, 

saturation, and value (HSV) is dicussed in Eq-1,Eq-2,Eq-3 

and in Eq-4. 

𝜃 = cos−1 [
1

2
[(𝑅−𝐺)+(𝑅−𝐵)]

[(𝑅−𝐺)2+(𝑅−𝐵)(𝐺−𝐵)
1
2]

]              (1) 

H (Hue) = {
𝜃             𝑖𝑓 𝐵 ≤ 𝐺

360 − 𝜃            𝑖𝑓 𝐵 > 𝐺
}        (2) 

S (Saturation) =1- 
3

(𝑅+𝐺+𝐵)
[min R,G,B]            (3) 

V (value) = 
1

3
(𝑅 + 𝐺 + 𝐵)                          (4) 

C. Discrete wavelet transform 

The wavelet transform will divide the images into 

low and high frequency components. The main idea of 

DWT in image process is to multi differentiate decompose 

the image into sub image of different spatial domain and 

independent frequency district. After that transform the 

coefficient of sub-image and when the original image has 

been DWT transformed, it is decomposed into four 

different frequency bands, one corresponding to the low 

pass band (LL), and three other corresponding to horizontal 

(HL), vertical (LH), and diagonal (HH) high pass bands is 

disused in [6]. MS image is injected to LL pass band. 

D. Inverse discrete wavelet transform 

After DWT technique inverse DWT is apply to 

combine the sub components the resulted fused image is in 

the form of HSV color space this converted to RGB form. 

Then apply Bi-cubic interpolation to resample the fused 

image.  

E. Performance metrics 

After fusion check the quality of the resulted 

image over original images. In this proposed work consider 

some metrics is used to check the quality of the resulted 

image they are: ERGAS, CC, RMSE and SAM is discussed 

in [7] and [8]. 

➢ Erreur Relative Globale Adimensionnelle de 

Synthese (ERGAS) 

ERGAS calculate the quality of fused image in 

term of normalized average error of each band. If 

the value of ERGAS is low indicate the resulted 

fused image is same as original image. It is 

determined in the Eq-5.   

ERGAS = 100
dk

dl
[

1

n
∑ [

RMSE

µ
]

2
𝑛
i=1 ]

1

2
  (5) 

➢ Cross correlation (CC) 

CC indicates the spectral feature similarity 

between the original and resulted fused image is 

calculating using Eq-6. If CC value is less than 1 

implies increase variation. If CC value is +1 represents 

similar original and fused image. 

           CC =
2Crf

Cr+Cf
                       (6) 

➢ Relative Average Spectral Error (RASE) 

RASE are commonly used metrics to check the 

spectral quality of the resulted fused image. RASE 

metrics uses spectral RMSE and average brightness 

(M) is calculating  using Eq-7. 

𝑅𝐴𝑆𝐸 =
100

𝑀
√

1

𝑁
∑ 𝑅𝑀𝑆𝐸2(𝐵𝑖)𝑁

𝑖=1     (7) 

Where M is mean radiance of the N spectral bands 

(𝐵𝑖) of original MS bands. 

➢ Spectral Angle Mapper (SAM) 

SAM indicates the spectral similarity between 

original image and fused resulted image is calculating 
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the angle between spectra. It takes images as vectors 

and finds the angle α between them is define in Eq-8. 

If SAM value is 0 indicates there is no spectral 

distortion in fused image.  

SAM(I{i},j{i})=arccos(
<I{i},J{i}>

‖I{i}‖‖J{i}‖
)         (8) 

Where I{i}, J{i} are scalar products. If SAM value is 

equal to 0 it denotes absence of spectral distortion. 

 

IV. RESULTS AND DISCUSSIONS 

 

The proposed method takes totally 20 image set 

from (Google satellite database) for analysis purpose. 

Among them, some images are disturbed during acquisition 

or from cloud. Each image will undergo color space 

conversion, DWT and inverse DWT. Figure 2 shows 

results of image fusion using DWT technique. The PAN 

and MS image of size 1024*1024 and 126*126 is provided 

as input. The resulted fused image provides resolution of 

1024*1024 multispectral image. 

     
       (a) MS image                 (b) PAN image 

 

    
       (c)RGB to HSV           (d) inverse DWT 

 

        
(e) Interpolation                         (f) fused image 

 

Figure 2: Output results for image fusion using DWT technique. 

 

Table 1: comparison of PCA and DWT with use of 

performance metrics 
Parameter DWT based fusion  PCA based fusion 

ERGAS 20.789 32.32 

CC 0.7337 0.765 

RASE 26.78 34.87 

SAM 2.23 4.876 

 
 

Figure 3: Comparison graph of PCA and DWT technique. 

 

          The Figure 3 shows the comparison graph of PCA 

and DWT technique. Different result obtained for PCA and 

DWT technique. Compare to PCA DWT give better result 

is shown in Table1. During fusion PCA not get full spectral 

information as original image but DWT get better spectral 

information [9]. This can be analysed using performance 

metrics.  

V. CONCLUSION 

          The fusion of high spectral resolution of MS image 

and high spatial resolution of PAN image resulted fused 

image has combination of high spatial and spectral 

resolution image. Image fusion using DWT technique 

provides better result compare to PCA technique is checked 

using performance metrics [10]. The metrics ERGAS 

provide 25.9 for DWT and 32.3 for PCA fusion the low 

value indicate fused image same as original image. The 

RMSE value for DWT is 0.08 and for PCA 0.14 low 

RMSE value indicate resulted fused image having high 

spectral quality. 

 

Future enhancement 

          The future scope is to apply the weighted fusion 

technique on remote sensor image to detect objects. 
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