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Abstract:    An objective performance measure for image fusion considering region information is proposed. The measure not 
only reflects how much the pixel level information that fused image takes from the source image, but also considers the region 
information between source images and fused image. The measure is meaningful and explicit. Several simulations were conducted 
to show that it accords well with the subjective evaluations.  
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INTRODUCTION 
 

Image fusion can be defined as the process by 
which several images, or some of their features are 
combined to form different modalities or instruments. 
It is of great importance in many applications, such as 
object detection, automatic target recognition (ATR), 
remote sensing, computer vision, and robotics (Wang 
et al., 2005; Blum, 2005). The widespread use of 
image fusion methods has led to a rising demand of 
pertinent quality assessment tools in order to compare 
the results obtained with different algorithms (Yang 
and Blum, 2005). 

Fusion performance is often assessed using in-
formal subjective preference test. Recently a re-
stricted number of objective fusion performance 
measures was proposed with knowledge of ground- 
truth not being assumed. Xydeas and Petrovic (2000) 
proposed evaluating the relative amount of edge in-

formation transferred from the input images to the 
fused image. In (Qu et al., 2002), mutual information 
is employed for evaluating fusion performance. A 
universal image quality index based metric for image 
fusion proposed by Gemma and Henk (2003) is also a 
kind of objective metric that utilizes local measures to 
estimate how well the salient information from the 
inputs is presented in the fused image. The salient 
information is based on an image quality index which 
can reflect the similarity of two images. 

An objective performance should consider not 
only the edge information and pixel information re-
lation between source images and fused image, but 
also the region information, because it is more im-
portant in some conditions (Zhang and Blum, 1997; 
Gemma, 2002). In this Letter, a new objective per-
formance measure for image fusion considering re-
gion feature is proposed by using mutual information 
(MI).  

 
 

PERFORMANCE MEASURE FOR IMAGE FU-
SION 
 

The purpose of image fusion is to combine and 
preserve in a single output image all the ‘important’ 
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visual information present in a number of input im-
ages. Recently some researchers recognized that it 
seems more meaningful to combine objects/regions 
rather than pixels. Zhang and Blum (1997) proposed a 
region-based fusion algorithm, which combines im-
ages guided by the identification of important features 
in each image, such as object and regions of interest. 
Gemma (2002) also proposed a region-based fusion 
scheme. Recently, Liu et al.(2006) proposed a fuzzy 
region feature-based fusion scheme to resolve the 
problem of region consistency. Due to its considering 
the region information, the region-based method is 
more suitable for the purpose of human visual per-
ception and computer processing. However, there is 
no appropriate measure considering region informa-
tion to evaluate the more efficient kind of image fu-
sion method. 

In this paper, we associate the MI measure in a 
fixed region. The fused image must be segmented. 
The process of the evaluation is as follows. 

Given the total number of regions N. The fused 
image is first segmented to N regions by image seg-
mentation algorithm. In this paper, we adopt K-mean 
algorithm for image segmentation. K-mean algorithm 
(MacQueen, 1967) is one of the simplest unsuper-
vised learning algorithms that solve the clustering or 
image segmentation problem. The procedure follows 
a simple and easy way to classify a given dataset 
through a certain number of clusters (assume k clus-
ters) fixed a priori. The main idea is to define N cen-
troids, one for each segmentation region. These cen-
troids should be placed in appropriate way because 
different locations cause different results. So, a good 
choice is to place them as much as possible far away 
from each other. The next step is to take each point 
belonging to a given dataset and associate it with the 
nearest centroid. When no point is pending, the first 
step is completed and an early groupage is done. At 
this point we need to re-calculate k new centroids 
from the previous step. After we have these N new 
centroids, a new binding has to be done between the 
same dataset points and the nearest new centroid. A 
loop has been generated. As a result of this loop we 
may notice that the N centroids change their location 
step by step until no more changes occur. In other 
words centroids do not move any more. 

Therefore, the whole fused image is segmented 
as N regions in which every pixel position has the 

same characteristic. 
For every region, calculate the measure as in (Qu 

et al., 2002) 
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where FA
iMI  is the mutual information between im-

age F and image A on the region i; FA ( , )ip f a  is the 

joint distribution on the region i and F A( ) ( )i ip f p a⋅  is 
the distribution associated with the case of complete 
independence. When we compute the distributions 

FA ( , )ip f a  and F A( ) ( ),i ip f p a⋅  the number of the 
sample point is assigned as the number of pixels 
within region i. 
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where FB ,iMI  FB ( , )ip f b  and F B( ) ( )i ip f p b⋅  are the 
same as those in Eq.(1). 
 

F,AB FA FB( , ) ( , ),i i iM MI f a MI f b= +            (3) 
 

where F,AB
iM  is the pixel level information within 

region i that the fused image F contains about A and 
B. 

If the fusion process is performed by hand, the 
first part to be fused is some important image regions, 
and then the important pixels. The best fusion result 
occurs when the pixel comes from one of the source 
image regions within important region. Therefore, for 
the ith region, a measure can be calculated as follows: 

  

F,AB FA FB F,AB= max{ , } .i i i iQ MI MI M×           (4) 
 

To reflect region information of the source im-
ages, the measure should consider the similarity be-
tween one source image and the fused image within 
one region. It is appropriate to use the maximization 
process of the MI in Eq.(4). 

Calculate performance measure for the whole 
fused image as 
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EXPERIMENTS 
 

In this section, we use the proposed fusion qual-
ity to evaluate different image fusion schemes in 
order to verify the performance measure. Schemes 1 
and 2 are based on discrete wavelet transform and 
discrete wavelet frame transform respectively. The 
larger values of high subbands and average of low 
subbands of two input images were used for recon-
structing the new image. Scheme 3 is based on dis-
crete wavelet transform. The fusion scheme is similar 
to (Zhang and Blum, 1997)’s region-based algorithm, 
but we adopt a different segmentation algorithm (K- 
mean algorithm). Scheme 4 is based on Laplacian 
pyramid, with the fusion scheme similar to that of 
(Gemma, 2002). Scheme 5 is (Liu et al., 2006)’s 
image fusion method based on fuzzy region feature. 
In all cases, we perform a 3-level decomposition. 
Fig.1 shows the original images A and B corre-
sponding to CT and MRI, respectively. 

Figs.2a~2d show the fusion results correspond-
ing to Schemes 1~4 respectively. The assessment of 
the scheme proposed in this letter can be done as 
follows.  

First, the fused image is segmented into 3 re-
gions, N=3. And then, for every region, calculate MI 
measure FA ,iMI FB

iMI  and F,AB.iM  Region informa-

tion measure F,AB
iQ  can be calculated by Eq.(4). Fi-

nally, the proposed measure QF,AB is obtained by 
Eq.(5). The results are shown in Table 1 showing that 
the performance of region-based Schemes 3, 4 and 5 
are better than those of Schemes 1 and 2. The con-
clusion is identical to the visual perception (Fig.2). 

It must be pointed out that the fusion perform-
ance comparison must be carried out at the same 
image level since at different levels it has different  
 

 
 
 
 
 
 
 
 
 
 

meanings. There is no universal performance as-
sessment scheme because evaluating image fusion 
performance in a real application is a complicated 
issue. As an example, consider a simple case in 
which the fused image is the average of two input 
images. According to the proposed measure, we 
know that QF,AB in Scheme 5 is larger than those in 
Schemes 1~4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1  Original images. (a) CT image; (b) MRI image 
(a) (b) 

Table 1  The proposed measure on Schemes 1~5 

Scheme 1
FAMI 1

FBMI 2
FAMI  2

FBMI  3
FAMI  3

FBMI

1a 0.7389 0.0464 0.6584 0.1342 0.7336 0.7117
2b 1.0635 0.0676 0.8280 0.3396 1.1323 1.1073
3c 1.0705 0.0833 1.2682 0.1774 1.0363 0.5890
4d 1.4305 0.0940 1.4801 0.1843 1.2214 0.7990
5e 1.2330 0.5513 1.0475 0.8904 1.2614 1.1547

a: QF,AB=0.7208; b: QF,AB=1.5685; c: QF,AB=1.5842; d: QF,AB=2.3706; 
e: QF,AB=2.4259 

Fig.2 Results of the fused images. (a)~(e) are re-
spectively the results of Schemes 1~5 
 

(a) (b) 

(c) (d) 

(e) 
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CONCLUSION 
 
We have proposed a measure for objectively 

evaluating image fusion performance considering 
region information, which does not require a refer-
ence image. By means of the proposed measure, 
features and visual information from input images 
and new fused images can be measured. The region 
consistency can also be reflected by the measure. The 
experiment showed that the proposed measure is 
meaningful and explicit. 
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