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Abstract—Electro-Optic (EO) image sensors exhibit the 
properties of high resolution and low noise level, but they cannot 
reflect information about the temperature of objects and do not 
work in dark environments. On the other hand, infrared (IR) 
image sensors exhibit the properties of low resolution and high 
noise level, but IR images can reflect information about the 
temperature of objects all the time. Therefore, in this paper, we 
propose a novel framework to enhance the resolution of EO 
images using the information (e.g., temperature) from IR images, 
which helps distinguish temperature variation of objects in the 
daytime via high-resolution EO images. The proposed novel 
framework involves four main steps: (1) select target objects with 
temperature variation in original IR images; (2) fuse original 
RGB color (EO) images and IR images based on image fusion 
algorithms; (3) blend the fused images of target objects in 
proportion with original gray-scale EO images; (4) superimpose 
the target objects’ temperature information onto original EO 
images via the modified NTSC color space transformation. 
Therein, the image fusion step will be conducted by the 
quantitative (Yang et al. proposed adaptive multi-sensor fusion 
algorithm) approach in this part. Revealing temperature 
information in EO images for the first time is the most significant 
contribution of this paper. Simulation results will show the 
transformed EO images with the targets’ temperature 
information.  

Index Terms—Component, formatting, style, styling, insert. 
(key words) 

I. INTRODUCTION  
 
Multi-sensor image fusion is a widely employed 

technique that takes advantage of sensors at different 
frequency bands and aims at actively combining multi-
source images together to maximize meaningful information 
and reduce redundancy. For example, Electro-Optic (EO) 
image sensors exhibit the properties of high resolution and 
low noise level in the daytime, but they cannot reflect 
information about the temperature of objects and do not 
work in dark environments. In contrast, infrared (IR) image 
sensors exhibit the properties of low resolution and high 

noise level, but IR images can reflect information about the 
temperature of objects all the time. Therefore, how to reflect 
information about objects’ temperature (e.g., abnormal 
temperature or temperature variation) onto EO images with 
help of IR images is a worthy topic that has not been 
resolved yet. We have completed research on multi-sensor 
fusion of EO and IR signals for high-resolution night 
images [1-3], which results in high- resolution, clear-edged 
IR images of any object and helps distinguish objects at 
night.  

In the past decades, scientists have developed many 
efficient image fusion algorithms, such as the expectation 
maximization (EM) fusing algorithm [4], the discrete 
wavelet transform (DWT) fusing algorithm [5], the 
Laplacian pyramid fusing algorithm [6], and the principal 
component analysis (PCA) [7], etc. However, most of the 
existing fusion algorithms are set for their specific scenarios, 
so these algorithms may not exhibit the best performance 
when environments change. To the best of our knowledge, 
little literature focuses on developing adaptive fusion 
algorithms [8-10]. Yang et al. [9] proposed an adaptive 
fusion algorithm, which selects the most discriminative 
feature from a set of features to determine the fusion rule. 
The proposed algorithm has been shown to adaptively 
achieve the best fusion results for different selected target 
objects.  

RGB color space is one of the most popular formats for 
color images. However, there are other color spaces whose 
use in some applications may be more convenient and/or 
meaningful than RGB. These spaces are transformations of 
the RGB space and include the NTSC, YCbCr, HSV, CMY, 
CMYK, and HIS color spaces [11]. Therein, the NTSC 
color system is used in analog television. One of the main 
advantages of this format is that gray-scale information is 
separate from color data. Hence, NTSC color space 
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Figure 1. (a) Original image Pair 1; (b) Original image 
Pair 2  

 
We adopt the Yang et al. proposed adaptive image 

fusion algorithm to complete the quantitative image fusion 
procedure (Step 2). After determining the target objects in 
IR images, we apply this algorithm to fuse partially 
registered (e.g., perfect registration for the target object) EO 
and IR image pairs. Specifically, we assume four-channel 
linear combinations of R, G, B (visible channels) and IR 
(infrared channel) for EO and IR image fusion. Supposing 
γ୧ is the channel i , where i ൌ 1, … ,4 represents R, G, B, and 
IR channels, then the fused image can be described as a 
linear combination of four different channels:                             F ൌ ω୧ସ

୧ୀଵ γ୧,    ω୧ ൌ െ2, … ,2                 ሺ1ሻ 

where F represents the four-channel-criterion fused 
image, and its pixel value is normalized to 0~255 (unit 8). 
The integer coefficients ω୧ are in the range of ሾെ2, 2ሿ. In 
other words, we could choose the following set of feature 
candidates: 

 ࣠ ؠ ሼωଵR  ωଶG  ωଷB  ωସIR |  ω୧ א ሾെ2, െ1, 0, 1, 2ሿሽ                                                            

                                                                                      (2) 

Since the integer coefficients of four-channel linear 
combinations vary between -2 to 2, the total number of the 
coefficient set is 5ସ . By pruning of all the redundant 
coefficients, such as [-1, -1, -1, -1], [2, 2, 2, 2] and [0, 0, 0, 
0], the size of candidates is cut down to 544. The acceptable 
candidate features should be like R+G-2B+IR, etc.  

How to select the best fusion rule from many linear 
combination candidates in the fusion set is the most critical 
thing of the proposed algorithm. Here, we first focus on the 
selected target object and its surrounding background rather 
than entire images to determine the best fusion rules, and 
then we apply the determined fusion rule to entire images 
and complete the image fusion process. We adopt the 
empirical discriminability measure form [12] to determine 
the most discriminative linear combination. The target 
object and its surrounding background are divided into two 
separate classes. For any fusion candidates in  ࣠ , the 
normalized histograms of both the object class and the 
background class are calculated. The histogram of length 2ୠ, 
where b is the number of bits of resolution (we set b ൌ 5 in 
this paper), indicates the frequency of pixel values in certain 
intervals.  

For each feature candidates, we form a normalized 
histogram to represent the empirical discrete probability 
distribution, where pሺiሻ is for the object and qሺiሻ is for the 
background. We create a new “tuned” feature tailored to 
better discriminate between object and its surrounding 
background. The tuned feature is formed as the log 
likelihood ratio [12], which maps object/background 

distributions into positive values for colors distinctive to the 
object and negative for colors associated with its 
surrounding background. The log likelihood ratio of a 
feature value i is given by [12] 

                   Lሺiሻ ൌ log max ሼpሺiሻ, δሽmax ሼqሺiሻ, δሽ                                      ሺ3ሻ 

where δ is a small value set as 0.001 to prevent dividing 
by zero or taking the log of zero. By using the 
equality var ሺxሻ ൌ Exଶ െ ሺExሻଶ , we compute the variance 
of L ሺiሻ with respect to object class distribution pሺiሻ as [12] var ሺL; pሻ ൌ EሾLଶሺiሻሿ െ  ሺEሾLሺiሻሿሻଶ 
                                   =∑ pሺiሻLଶ୧ ሺiሻ െ ሾ∑ pሺiሻLሺiሻሿ୧ ଶ                        

                                                                                      (4) 
Similarly, the background class distribution qሺiሻ can be 

written as 
 var ሺL; qሻ ൌ EሾLଶሺiሻሿ െ  ሺEሾLሺiሻሿሻଶ 

                          = ∑ qሺiሻLଶ୧ ሺiሻ െ ሾ∑ qሺiሻLሺiሻሿ୧ ଶ                        
(5) 

 
Therefore, the variance ratio of the log likelihood 

function can be defined as [12] 
                           VRሺL; p, qሻ ؠ varሺL; p  q2 ሻሾvarሺL; pሻ  varሺL; qሻሿ       ሺ7ሻ 

 
which is the total variance of L  over both object and 

background class distributions, divided by the sum of the 
within class variances of L  for object and background 
treated separately.  

By far, we could apply the adopted linear combination 
scheme and the linear discriminative analysis (LDA) 
evaluation to the target object and it’s near surrounding 
region. After we find out the most discriminative feature 
among more than five hundred feature candidates, the next 
step is to use the determined fusion rule to the entire image 
pair.  

In image Pair 1, the red rectangular (186 ൈ 115  pixels) 
area is chosen as our target, and we set its local background 
as 40 pixels for each side out of the box. Linear 
combinations of four channels and calculations on feature 
discriminability are then taken place on this target-and-
background region.  Similarly, in image Pair 2, the red 
rectangular (84 ൈ 23 pixels) area is chosen as our target, 
and we set its local background as 10 pixels for each side 
out of the box. The linear combination vector of each image 
pair with the most discriminative feature (maximum 
variance ratio in Eq. (7)) is selected from more than five 
hundred feature candidates. Then, this selected fusion rule 
will be applied to the entire source image pair. Figure 2 
shows two fusion results obtained by utilizing the adaptive 



image fusion algorithm. Here, we only c
registration (perfect registration for target 
two image pairs. 

 

 
                                         (a) 
 

 
                                       (b) 
 

Figure 2 (a) Adaptively fused result of th
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Figure 3.  (a) Y (luminance) component of EO Image 1 

and EO Image 2; (b) Yᇱ  (luminance) component of EO 
Image 1 and EO Image 2 based on quantitatively fused 
images, where α ൌ 0.2 ሺImage 1ሻ, and α ൌ 0.6 ሺImage 2ሻ 

 

 
 

 
 
Figure 4. Transformed high-resolution EO Image 1 and 

EO Image 2 based on quantitatively fused images. 
 
From the obtained results in Fig.4, we could clearly see 

information about the temperature of target objects in EO 
images for the first time. We are now able to answer the 
questions proposed in the introduction part as follows: 

(1) By utilizing our novel framework, we could see 
temperature information about target objects in EO images 
for the first time. For example, we can see the temperature 
variation of the engine in EO Image 1 and the temperature 
of the transformers in EO Image 2.  

 (2) Most of the existing conventional image fusion 
algorithms (e.g., PCA) are set for their specific scenarios; 
when the background or the target object changes at 
different scenes, the fusion algorithms may not have the best 
performance anymore. However, adaptive fusion algorithms 
choose the most discriminative feature from a set of features 
to determine the fusion rule; on the other hand, the fusion 
rule will change with different target objects. 

(3) In addition to the adopted adaptive fusion algorithm, 
we utilize other pre-processing algorithms, e.g., the Fuzzy c-
means (FCM)) algorithm [13], which clusters the histogram 
of the original IR image into ܋ classes and calculates the 
center value representing the contrast of targets and 
background for each class. This allows us to adaptively 
determine the target objects with larger center values (multi-
target objects) or the largest center value (one target object) 
within the original IR image. For multiple target images, the 
best fusion rule will be the linear combination with the 
maximum variance ratio calculated from all targets’ feature 
candidates.  

(4) Our proposed novel framework, which utilizes the 
merits of both EO and IR image sensors and superimposes 
information about the temperature of objects onto high-
resolution EO images, can be widely employed in various 
surveillance and military applications, especially in 
applications of recognizing objects using their temperature 
information. In addition, it is possible for our framework to 
be embedded in real-time image processing systems.  

Although IR image sensors can reflect information about 
the temperature of objects, they have low resolution and 
sometimes cannot clearly distinguish objects. For example, 



in the original EO Image 1, we cannot see any information 
about the engine’s temperature. However, the transformed 
EO Image 1 provides high-resolution information about the 
engine’s temperature, which is higher than that of other 
parts (normal temperature) of the car. This temperature 
information is really helpful to judge the status of this car, 
such as whether the engine is on, or whether it has been 
stopped for a long time or a short time. Alternatively, in the 
original EO Image 2, we see two green color objects and we 
may not know exactly what they are; correspondingly, in 
the original IR Image 2, we see that the temperature of these 
two objects is high, but we cannot distinguish the color and 
edge of these two objects. However, in the transformed EO 
Image 2, we can see two high-resolution green-colored 
objects with high temperature. Therefore, we can recognize 
that these two objects are transformers.  

 

IV. CONCLUSION 
How to utilize the merits of both EO and IR image 

sensors in a complementary way to obtain high- resolution 
EO and IR images is a promising and challenging research 
topic. We have previously proposed a novel framework to 
fuse EO and IR signals for high-resolution night images, 
which helps distinguish objects at night via clear-edged IR 
images for the first time. However, no literature focuses on 
revealing information about the temperature in high-
resolution EO images. Therefore, in this paper, we 
proposed a novel framework to superimpose information 
about the temperature of objects onto EO images via the 
modified NTSC color space transformation. By employing 
our proposed framework, we can clearly see the 
temperature variation of any objects in the transformed EO 
images, which can be regarded as a breakthrough of multi-
sensor image fusion.  
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