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Abstract — Image quality assessment is an important research field of image application. A no-reference image assessment method 
is proposed based on SIFT feature points and the collection of statistical features from a space domain Natural Scene Statistic 
(NSS) model. The proposed method extracts feature points by the SIFT method, and the feature regions are extracted by K means 
clustering algorithm. Then features are computed in the feature regions which can reflect the image quality. The quality of the 
distorted image is expressed as the distance between the quality aware NSS feature model and the MVG fit to the features 
extracted from the distorted image. The experimental results show that the proposed method is consistent with human subjective 
perception 
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I. INTRODUCTION 

With the popularity of smart phones and rapid 
development of digital images and communication 
technology, it is easy for more and more users to achieve lots 
of image and video information. At the same time, lots of 
researches and practices ensure that the users can achieve 
satisfying image quality. The basic target of objective 
evaluation on image quality is that the design can perceive 
the computation model of image quality automatically and 
accurately, and the computation model is hoped to replace 
human visual system to perceive images. According to the 
acquired reference information, the objective image quality 
evaluation can be divided into total reference quality 
evaluation, half reference quality evaluation and no-
reference quality evaluation [1]. 

In total reference quality evaluation, Peak Signal to Noise 
Ratio and Mean Square Error is the common evaluation 
method. The computation of the method is simple, but the 
correlation with subjective evaluation is bad. Structure 
similarity[2] changes the evaluation of image quality into 
overall evaluation on the structure of images. Then, there are 
many improvement methods for SSIM, such as structure 
similarity evaluation based on attention transference 
mechanism[3], multi-scale extended structure similarity 
evaluation[4] and structure similarity evaluation[5] 
weighting results based on the edge, texture and smooth 
information of images. Half-reference evaluation only needs 
to extract some data of the original images for evaluation, 
and the core is how to select effective characteristic 
parameters to represent the original images. Total reference 
image quality evaluation and half-reference image quality 
evaluation is the evaluation method with reference images. 
In fact, the reference images are difficult to be acquired, 
which makes no-reference image quality evaluation 
important.  

No-reference image quality evaluation is a method 
evaluating image quality under the condition without the 
original images to be referred to and compared. Compared 

with total reference and half-reference evaluation, the 
research on no-reference evaluation is not matured, and most 
researchers aim at evaluating specific distorted types[6-8], 
and the accuracy is worse than that of total reference 
evaluation. There some scholars who don’t consider the 
reasons of image distortion, and they make no-reference 
evaluation only by training[9-10]. But the data training is 
complicated and it is only for specific images. In recent 
years, as a small subset of visual signal, nature sense 
statistics is successfully applied to image quality evaluation 
[11]. Combined with nature scene model, the paper proposes 
no-reference image quality evaluation based on SIFT feature 
point. The method firstly extracts feature points by SIFT, and 
uses the method of K mean cluster to extract feature region. 
Then, it computes the features reflecting image quality in 
feature region, and uses the fitted MVG model feature 
extracted from feature region of distorted images and the 
distance of features extracted from nature images to evaluate 
distorted images. Lastly, the paper makes experiments to 
verify the accuracy of the method.  

II. ALGORITHM DESCRIPTION  

According to the sources, image data can be divided into 
natural image and artificial image. Natural image is the 
graphical expression of objective world, and artificial image 
is the image which is achieved by artificial means. There is 
great difference between artificial image and natural image. 
Artificial image is achieved from the subjective thought of 
the people, and there are no rules. But natural image is the 
real reflection on external objective things, and can achieve 
the same or similar result on the same thing, and there is 
potential rule. In statistic analysis on natural images, we find 
that natural image has the features of self-similarity, scale 
invariance [12-14], non-Gaussian [15], leading edge and 
high-dimensional singularity [16], in which leading edge 
plays and important role, and non-Gaussian and scale 
correlation can be explained by using leading edge [17]. 
Leading edge means that edge plays the leading role in 
natural image, and high-dimensional singularity means that 
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edge is the curve which is formed by the connection of non-
continuous points. We can see that the edge consisting of 
non-continuous points plays the leading role in quality 
evaluation of natural images with leading edge.  

No-reference image quality evaluation based on feature 
points of SITF is an evaluation method which is established 
based on statistic model of natural scene. The principle is to 
extract feature points by SIFT method firstly. The non-
continuous feature points have the feature of scale 
invariance, and are generally located on the edges of the 
image. Then, the feature region with the most feature points 
are selected by K-mean clustering method. The feature 
region includes the main edge features of images. Lastly, the 
feature values reflecting image quality are extracted from the 
regions for image quality evaluation. No-reference image 
quality evaluation based on feature points of SITF includes 
the following steps. (1) Extracting feature points by SIFT 
method. (2) Using K-mean clustering method to select 
feature region by feature points. (3) Extracting feature values 
reflecting image quality in feature region. (4) Image quality 
evaluation. The paper introduces the above steps, as follows. 

A. SIFT feature point extraction  

SIFT was proposed by David Lowe in 1999, and was 
summarized and improved in 2004. It is a method to find and 
describe the feature of local key points of images [18, 19]. 
The features have no change with the change of scale and 
rotation of images. And it not only has great adaptability to 
the change of light and deformation of images, but also has 
great discernment. Based on the advantages, SIFT descriptor 
is generally used for image matching.  

The paper uses SIFT method to extract feature points, the 
principle for which is to continuously filter the input image 
by Gaussian kernel function with different scales to achieve 
Gaussian pyramid image. Then, it reduces two Gaussian 
images to get DoG. For finding extreme points in DoG, each 
pixel point needs to be compared with all consecutive points, 
as shown in Figure 1. The middle detection points are 
compared with 8 consecutive points and 26 points, for 
ensuring that the extreme points can be detected in scale 
space and two-dimensional image space.  

 
Fig.1 Detection of feature point in Gaussian space 

After achieving extreme points, the feature points receive 
accurate positioning by eliminating edge response and curve 
fitting.  

The feature points which are extracted by SIFT can 
achieve the accuracy of sub pixel, in which it is converted 
into the corresponding pixel coordinate. The feature points 
which are extracted by SIFT are local extreme points in 
images, but not all points are the feature points of visual edge 
in images. So the visual edge points need to be extracted. 
The gray value of feature points and the maximum of pixel-
value difference in 8 directions is the standard to judge if it is 
the visual edge point. When it is greater than the given 
threshold, it is the visual edge point. And the threshold is 
generally set according to the contrast ratio of things in 
images. When the contrast ratio of the scene is low, the 
threshold can be reduced, and more feature points can be 
reserved. When the contrast ratio of the scene is high, the 
threshold can be increased to get more evident edge. For the 
image with 8 bit gray, the threshold is generally set in [3,20].  

B. Selection of feature region  

After getting the feature points, K-mean clustering 
algorithm is used to achieve the center of feature region. K-
mean clustering algorithm is the clustering algorithm based 
on division, and uses clustering error square and E as the 
clustering criteria function. The computation of the function 
E is as follows.  
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and k is the number of the types. K-mean clustering 
algorithm looks for k best clustering center by repeated 
iteration, and distributes the total sample points to the nearest 
clustering center, which makes the error square sum of 
clustering center E minimal. K-mean clustering algorithm 
can be used to achieve the local optimal clustering result.  

K-mean clustering algorithm can be used to achieve the 
center of feature region, and the feature region for feature 
evaluation can be achieved. The difficulty of the process is 
selecting feature region scale and determining the number of 
feature regions. Feature region scale needs to be determined 
by combining the characteristics of images and image quality 
evaluation method. Too large or too small selected region is 
difficult to extract the features of images accurately. The 
paper uses squared region as feature region, and the feature 
region scale L is limited in [32,160]. And the distances of 
feature points are computed. Then, the two times of the most 
frequent distance in [16, 80] is selected as the scale L of 
squared feature region. After determining the scale, the 
number of feature regions can be determined. The number of 
feature regions has close relationship with the number and 
distribution of feature points. In M*N image, the number of 
feature regions should be controlled in 
max(M/L,N/L),M/L*N/L). The number of the feature region 
in the paper is M/L*N/L/2. The selection of feature region is 
easy for overlaying in the region with dense feature points. If 
the overlapping region of two feature regions achieves one 
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third of the feature region, two regions are combined, and the 
center of the new region is the mean of two regional centers.  

C. Extraction of eigenvalues of image quality  

After extracting feature regions of images, the 
eigenvalues reflecting image quality needs to be extracted 
from feature region for quality evaluation. The paper uses 
empty statistic feature for image quality evaluation. The 
given gray image and pixel point I(i,j) is processed as 
follows.  
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    In the formula, i and j is the coordinate of the pixel 
point of the image, C is a constant preventing from the 
denominator tending to 0, and the computation of ( , )i j  

and ( , )i j  is as follows.  
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In the formula, ,k l is the normalized Gaussian filterer, 

and represents the weight of pixel points of images. The 
value of K and L is 3. The achieved light after the above 
process is called normalized light. The research indicates that 
the normalized light of natural image meets Gaussian 
distribution. But non-natural image and distorted natural 
image deviates Gaussian distribution [20]. The quality of the 
tested images can be evaluated by computing the deviation 
degree.  

After achieving normalized light of images and obtaining 
feature region of normalized light according to the division 
of feature region, the eigenvalues should be extracted in 
feature region. The paper uses generalized Gaussian 
distribution to extract the eigenvalues. The expression of 
zero-mean generalized Gaussian distribution is as 
follows[11].  
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    In the formula,  determines the shape of generalized 

Gaussian distribution, and   is the variance of the 

distribution.  and  can use the method based on moment 
matching for effective estimation [21]. The product of 
normalized light coefficients of natural image meets the 
certain distribution rule. In distorted images, the distribution 
is influenced [22]. The paper uses the adjacent coefficients in 
four directions, and uses asymmetric generalized Gaussian 
distribution for product modeling on adjacent coefficients. 
The expression of zero-mean asymmetric generalized 
Gaussian distribution is as follows[23].  
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The parameter of AGGD can be estimated by using the 
method based on moment matching, and the distributed 
mean is the important feature to be extracted. And the 
expression is as follows.   

)
1

(

)
2

(
)(







 lr                             (8) 

For each feature region, two GGD parameters and the 
parameters in 4 directions is 16 AGGD parameters, which 
forms 18-dimensional feature vectors. In order to achieve 
multi-resolution feature of images, the same features need to 
be extracted in feature region. Each region can get 36 
features representing image quality.  

D. Image quality evaluation  

After computing and getting the feature in feature 
regions, the features can be fitted by MVG modeling. The 
expression of MVG model is as follows.  
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1( ,..., )kx x is the feature to be extracted in the above 

step, and  and  represents mean vector and covariance 
matrix[24]. The final expression of image quality is the 
fitting MVG model feature extracted in feature region of 
distorted image and the distance of features extracted in 
natural images[25].  
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Literature [25] indicates that the selection of feature 
region should be in the range from 32*32 to 160*160 to 
achieve stable image quality evaluation value, which is an 
important basis for selecting feature region size.  

III. EXPERIMENT  

The paper makes experiments to verify no-reference 
evaluation in the paper. The data is the image in live image 
library. And the image library has 29 images in different 
scenes. The type of distortion is JPEG2000 compression, 
JPEG compression, WN, Gaussian blur and Fast fading, and 
there are 982 images. The selection of feature region is 
shown in Figure 2, and 20 scenes are randomly selected for 
quality evaluation. And total reference evaluation methods 
including PSNR, SSIM[2], MS-SSIM[26] and VIF[27] and 
no-reference evaluation methods such as BLIINDS-II[28], 
DIIVINE[29], BRISQUE[23] and NIQE[25] are compared. 
Pearson’s Linear Correlation Coefficient which receives 
nonlinear fitting by spearman’s rank ordered correlation 
coefficient and the method in literature [30] is used to 
analyze the performance of the algorithm. SROCC is used to 
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evaluate the monotonicity of the model. PLCC parameter is 
used to evaluate the accuracy of prediction of the model. The 
greater the parameters is, the better the performance of the 

algorithm is. The computation result of the relevant 
coefficients is shown in Table 1 and Table 2. 

  
 Fig.2 The feature area 

TAB.1 SPEARMAN RANK ORDERED CORRELATION COEFFICIENT  

Evaluation method JP2K JPEG WN Blur FF All 
PSNR 0.8543 0.8839 0.9330 0.8213 0.8730 0.8550 
SSIM 0.9238 0.9402 0.9435 0.9047 0.9369 0.9201 

MS-SSIM 0.9620 0.9437 0.9573 0.9542 0.9368 0.9489 
VIF 0.9683 0.9842 0.9845 0.9722 0.9652 0.9801 

BLIINDS-II 0.9323 0.9331 0.9463 0.8912 0.8519 0.9124 
DIIVINE 0.9123 0.9208 0.9818 0.9373 0.8694 0.9250 
BRISQUE 0.9139 0.9647 0.9786 0.9511 0.8768 0.9395 

NIQE 0.9134 0.9278 0.9652 0.9370 0.8570 0.9131 
Method in the paper  0.9250 0.9467 0.9596 0.9467 0.8763 0.9246 

                    
Tab.2 Pearson linear correlation coefficient 

Evaluation method JP2K JPEG WN Blur FF All 
PSNR 0.8672 0.9135 0.9046 0.8051 0.8673 0.8743 
SSIM 0.9137 0.9238 0.9324 0.9504 0.9036 0.9143 

MS-SSIM 0.9620 0.9437 0.9573 0.9542 0.9368 0.9561 
VIF 0.9461 0.9528 0.9582 0.9324 0.9267 0.9498 

BLIINDS-II 0.9386 0.9426 0.9635 0.8994 0.8790 0.9164 
DIIVINE 0.9233 0.9347 0.9867 0.9370 0.8916 0.9270 
BRISQUE 0.9229 0.9734 0.9743 0.9487 0.9030 0.9312 

NIQE 0.9072 0.9176 0.9582 0.9486 0.8751 0.9110 
Method in the paper  0.9368 0.9334 0.9570 0.9458 0.8870 0.9189 

 
From the analysis on evaluation results in Table 1 and 

Table 2, we can find that for single distorted type, the 
performance of the method in the paper is better than that of 
PSNR for single distorted type, the overall performance is 
better than that of total reference evaluation including PSNR 
and SSIM and no-reference evaluation including BLIINDS-
II and NIQE.  

IV. CONCLUSION 

Combined with statistic feature of natural scene, the 
paper proposes no-reference image quality evaluation 
method based on feature points of SIFT. The method extracts 
feature points by SIFT method, and then uses K-mean 
clustering method to extract feature region. Then, the feature 

reflecting image quality is computed in feature region. 
Lastly, the fitting MVG model feature extracted in feature 
region of distorted image and the distance of features 
extracted in natural image is used to evaluate the distorted 
image. Compared with NIQE, the method can accurately 
extract the features of images. The experimental results 
indicate that the method in the paper is consistent with the 
subjective feeling of the people, and the overall performance 
is better than the total reference evaluation including PSNR 
and SSIM and no-reference evaluation including BLIINDS-
II and NIQE. The total reference methods including MS-
SSIM have greater difference from no-reference evaluation 
methods needing lots of trains such as DIIVINE, but the 
method proposed in the paper doesn’t require reference 
image, and doesn’t need lots of trains. And it has evident 
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advantage under the condition without reference image and 
without lots of trained images.  
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