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ABSTRACT 
 

PET/CT image fusion has emerged as a new and promising 
research area in recent years, whereas the current standard 
method for PET/CT fusion, Alpha-blending, often blurs fine 
anatomical structure. In this paper, a new fusion method 
based on the Pansharp model is presented. Our proposed 
method consists of first up-scaling the PET image to the 
resolution of the CT data by bilinear interpolation and 
registering them with mutual information, then integrating 
the anatomical information into the original PET image and 
transforming it to a multi-channel RGB image using a color 
table, and then simulating the panchromatic image with 
multiple regression analysis, and finally obtaining the fused 
image according to the Pansharp model. Our method is 
verified based on 45 real data sets and both qualitative and 
quantitative analyses of the fusion results demonstrate the 
effectiveness and robustness of the proposed method. 
 

Index Terms— PET/CT, image fusion, Parsharp model 
 

1. INTRODUCTION 
 

Medical imaging is becoming a vital component in 
healthcare, and an increasing number of imaging modalities 
have become available in the past two decades. However, 
each modality has its own advantages and limitations. For 
example, Computed Tomography (CT) is well known for its 
high resolution but only provides structure information, 
while Positron Emission Tomography (PET) can reflect 
physiological metabolism but has a lack of anatomical 
information. Through fusion, the complementary 
information from different modalities can be integrated into 
a single image, which can help medical diagnosis, treatment 
planning and evaluation. Therefore, the fusion of 
multimodality medical image, especially PET/CT image 
fusion, has emerged as a new and promising research area in 
recent years.  

A great deal of research is concerned with multimodality 
imaging technique, and various fusion algorithms have been 
proposed and developed. Those algorithms can be divided 
into three categories: pixel level, feature level and decision 
level. The pixel level fusion is the most common technique, 
and major algorithms at this level include PCA fusion[1], 

HIS transformation fusion [2] and Wavelet fusion[3]. The 
well-known algorithms at feature level include Cluster 
Analysis fusion, Dempster-Shafer theory based fusion[4], 
Tsallis entropy based fusion[5] and so on. Decision level 
fusion is usually based on Bayes [6] and fuzzy set theory[7]. 
So far, the standard means applied to PET/CT fusion is the 
alpha-blending for its speediness and effectiveness[8].  

In this paper, a new Pansharp-based fast fusion method is 
proposed, and extensive experiments have been performed 
on PET/CT datasets to demonstrate the effectiveness and 
robustness of the proposed method. 
 

2. METHODS 
       

The Pansharp fusion method is improved by Y. Zhang (1999) 
[9]based on Munechika’s method, and widely used in remote 
sensing images. In multimodal medical image fusion, the CT 
image is used as the higher resolution single-channel 
panchromatic image. The PET image is transformed to a 
three-channel, i.e. R channel, G channel and B channel, 
image with a RGB color table, and used as the lower 
resolution multiband image. In general, the merged 
multispectral image is calculated through the equation: 
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where XSPi is the gray value of the ith channel of the merged 
image, PanH is the gray value of the panchromatic image, i.e. 
the CT image, XSLi is the gray value of the ith channel of the 
multiband image, i.e. the transformed PET image, and 
PanLSyn is the gray value of the synthetic panchromatic image 
simulated through the three channels of the low-resolution 
multiband image as: 
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The parameters φi are calculated directly from the 
panchromatic image and the multiband image according to 
Eq. (3) through multiple regression analysis, and φi can be 
seen as regression coefficients.  
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However, PET image hardly has any anatomical 
information for its low resolution, which means it is nearly 
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impossible to simulate CT image only with the transformed 
PET image. Therefore, two ameliorations are proposed. 

Firstly, we integrate some anatomical information into the 
original PET image by adding a portion of CT image: 
 (1 ) ,scale scalePETnew PET CTβ β= + −   (4) 
where β is a variable parameter,  PETscale and CTscale are the 
co-registered PET and CT image scaled to [0, 255].  

Secondly, we incorporate a constant term into Eq. (2) and 
Eq. (3): 
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Eq. (6) is rewritten as 
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or in matrix format as 
 ,P A= Ψ   (8) 
where Pj represents the pixel value of the panchromatic 
image (PanH), rj, gj and bj represent the pixel values of the 
three channels of the multiband image (XSL1, XSL2 and XSL3), 
and M is the total number of pixels in the panchromatic 
image. The parameter vector ψ is acquired by: 
 ,A P+Ψ =   (9) 
where A+ is the Moore-Penrose pseudoinverse of A, which 
could be solved by least-squares method. Specifically, if X is 
of full column rank (the three channels of the multiband 
image are uncorrelated), A+ = (X’X)-1X’. 

 
3. EXPERIMENT RESULTS 

 
The tested PET/CT images were acquired after injection of 
68Ga-PRGD2 on a combined PET/CT system in Peking 
Union Medical College Hospital. CT image included the 
area from the head to the upper thighs, and was 
reconstructed using a matrix of 512×512×326 pixels (voxel 
size, 1.52344×1.52344×3mm3), while PET image with the 
same area had a matrix size of 200×200×326 pixels (voxel 
size, 4.07283×4.07283×3mm3). In our work, we chose 15 
random slices along the axial axis, coronal axis and sagittal 
axis from PET image and CT image, respectively. The CT 
image and PET image were registered before fusion.  

To evaluate the performance of the proposed method, 
both qualitative comparison and quantitative comparison 
were conducted between our fusion result and other fusion 
results acquired by several classical fusion methods, such as 
alpha-blending (standard means used in PET/CT fusion 
now), PCA fusion and wavelet-based maximum fusion 
algorithm. In our work, the alpha of alpha-blending method 
was set to 0.5, which could obtain the better fusion results 
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Fig.1. Fusion results on an axial slice: (a) the original CT image, (b) 
the original PET image, (c) alpha-blending result, (d) PCA fusion 
result, (e) wavelet-based maximum fusion result, (f) the fusion 
result obtained by the proposed method(β=0.6). 
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Fig.2. Fusion results on a coronal slice: (a) the original CT image, 
(b) the original PET image, (c) alpha-blending result, (d) PCA 
fusion result, (e) wavelet-based maximum fusion result, (f) the 
fusion result obtained by the proposed method (β=0.6). 
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Fig.3. Fusion results on a sagittal slice: (a) the original CT image, 
(b) the original PET image, (c) alpha-blending result, (d) PCA 
fusion result, (e) wavelet-based maximum fusion result, (f) the 
fusion result obtained by the proposed method (β=0.6). 
 
on our test datasets, while the wavelet we used in the 
wavelet-based maximum fusion algorithm was Daubechies.  
 
3.1. Visual comparison 
 
The proposed method could obtain satisfactory results in all 
the 45 image sets. Figures 1-3 show the fused images of 
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three image sets along the axial axis, coronal axis and 
sagittal axis respectively. In order to give a relatively fair 
comparison, we used the same color table to apply to each 
PET image to perform the fusion by different methods. The 
color table we used here was r-36, g, b-36 [0, 255] (forced 
the minimum to zero).  
     It can be easily found that the soft tissues and small bones 
cannot be seen clearly from the fusion results obtained by 
alpha-blending and wavelet-based maximum fusion method. 
PCA fusion seems to give a clearer fusion result with a 
larger contrast and more detailed anatomical information, 
but it loses much PET information. Only the regions with 
highest intensity in PET image are retained. The result of the 
proposed method has a good contrast, eliminates color 
distortions and retains all of the key visual information of 
CT image and PET image. More specifically, the texture of 
intestines and ribs (the regions marked by red arrows) are 
obvious in (f) of Fig.1, which are blurred in (c) and (e). 
Additionally, from the (f) of Fig. 2 and 3, the edges of the 
soft tissues (the regions marked by red arrows) are more 
distinguishable compared to the fusion results acquired by 
alpha-blending and wavelet fusion. When compared to PCA 
fusion result, especially in the regions marked by yellow 
arrows in (d) of Fig.1-3, the result generated by the proposed 
method keeps nearly all the PET information even the low 
activity signal. 
 
3.2. Quantitative comparison 
 
In addition to the subjective observation of human 
perception, we also conducted some objective quantitative 
analysis on the above fusion results of different fusion 
methods. Several evaluation criteria have been proposed in 
recent years [10]. Here we select three acknowledged 
metrics to validate the superiority of our method based on 
the amount of information and the clarity of the fused image. 

(1) Standard deviation (SD): SD reflects the dispersion 
degree of values relative to the average. The larger SD is, 
the more information can be obtained.  
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where F is the fused image with N rows and M columns, 
and F  is the average of the gray value: 

 
1 1

1 ( , ) ,
M N

i j
F F i j

MN = =

= ∑∑   (11) 

(2) Overall cross entropy (OCE):  OCE reflects the 
difference between the two source images and the fused 
image. If the value is small, the difference is small, which 
means more information of the two source images is retained. 

( )1( , ; ) ( , ) ( , ) ,
2A B A BOCE f f F CE f F CE f F= +   (12) 

where fA and fB are the input multimodality medical images, 
CE( fA, F) and CE( fB, F) are the cross entropy of the source  

 

Table I 
The Quantitative Evaluation of Different Algorithms Based on SD, 
OCE and SF 
 

Image Sets Algorithm SD OCE SF 
axial slice Alpha 25.12 0.4012 3.696 

PCA 26.44 10.79 4.847 
Wavelet 23.16 18.02 4.667 
Proposed  27.29 0.2452 5.316 

coronal slice Alpha 34.10 2.017 9.213 
PCA  38.95 10.67 11.53 
Wavelet 33.62 11.70 14.90 
Proposed  39.29 0.9975 14.92 

sagittal slice Alpha 26.54 0.5950 9.749 
PCA  27.78 11.08 6.257 
Wavelet 26.81 11.03 7.187 
Proposed  28.42 0.3873 9.867 

 
image fA and the fused image F, the cross entropy of the 
source image fB and the fused image F respectively. 
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where pf and pF is the normalized histogram of the source 
image f and the fused image F, L is the maximum gray level 
for a pixel in the image. In our work, L is set to 255. 
    (3) Spatial frequency (SF): SF can be used to measure the 
overall activity and clarity level of an image. Larger SF 
value denotes better fusion result. 
 2 2 ,SF RF CF= +   (14) 
where RF is the row frequency and CF is the column 
frequency: 
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Table I gives the detailed quantitative evaluation of the 
above three image sets. From Table I, we can find that our 
method gives better fusion results, especially the overall 
cross entropy is much smaller than others. 

  
4. DISCUSION 

 
We proposed a new Pansharp-based method for PET/CT 
image fusion, and performance of this proposed method was 
tested on real PET/CT data. Through simulating high- 
resolution multiband PET image with least-squares method, 
this method could keep the spectrum information and reduce 
color distortions to a great extent. At the same time, 
information of both images could be preserved.  

Figures 1-3 give qualitative comparisons between our 
proposed method and three classic methods. It is shown in (f) 
of the three figures, fine anatomical structures, such as the 
texture of intestines, the ribs, and even the edges of the soft 
tissues can be seen clearly. On the contrary, these regions 
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Fig.4. Fusion results on an axial slice with jet colormap: (a) the 
original CT image, (b) the original PET image, (c) alpha-blending 
result, (d) PCA fusion result, (e) wavelet-based maximum fusion 
result, (f) the fusion result obtained by the proposed method 

 

are blurred in (c) and (e). This indicates that our method 
preserves most information of CT image. Additionally, 
almost all the PET activity signals are observed in (f), while 
only the highest activity signal in (d). That is to say our 
method retains more information of the PET image.  From 
these figures, it is observed that our fused image has the best 
contrast, smallest color distortion and thus gives a most 
informative visualization, which could not be achieved by 
tuning alpha in alpha-blending method. Quantitative 
comparison of the four methods can be seen in Table1. It is 
observed that the fused image obtained with the proposed 
method has the largest SD, which means this image has more 
dispersive distribution of the gray grade and larger contrast. 
In this sense, more fine information can be seen from this 
image, which is consistent with the qualitative comparison. 
It is worth mentioning that our fusion method generates the 
smallest OCE which means the differences between the two 
source images and the fused image are decreased to a large 
extent. 

It is no doubt that the value of β could affect the final 
fusion results. For small β, the high activity signal of PET 
image could be preserved, while for big β, we could see 
nearly all the signal from the fusion results. According to our 
experiments, when β is within the range [0.4 0.6], 
satisfactory results with sufficient anatomical and metabolic 
information could be obtained, and the quantitative metrics 
are similar. 

In order to investigate the effects of the color table in the 
fusion results and validate the high color fidelity further, we 
employed the MATLAB jet colormap, and Fig.4 gives the 
fusion results of a random data set as an example. From this 
figure, we observe that (d) lost most of the anatomical 
structures and the contrasts of (c) and (e) are so small that 
the soft tissues cannot be distinguished. This suggests that 
alpha-blending, PCA fusion and Wavelet fusion are all 
easily affected by the color table, whereas our proposed 
method generates a robust satisfactory fusion image. 

5. CONCLUSION 
 
In this paper, a new Pansharp-based method for PET/CT 
image fusion was proposed. Based on the raditional 
Pansharp fusion method that is applied in sensing images, 
two ameliorations  including constructing new PET image 
and incorporating a constant term are proposed to simulate a 
panchromatic image and solve regression coefficients. 
Compared to traditional fusion methods, the proposed 
method preserves more details of both CT and PET images. 
And compared to many complex wavelet based fusion 
methods with satisfactory results, our method is easy to 
implement with low computation complexity. Additionally, 
the fusion results of this method are not affected by the color 
table that applies to the PET image due to the high color 
fidelity of this method. In conclusion, this new Pansharp-
based method proves to be a desirable option for PET/CT 
image fusion. 
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