
 
 

 
 

 
 

 
 
 
 Abstract—Image	   quality assessment is an important tool in 

many image-processing
 
applications such as image acquisition, 

watermarking, compression, transmission, restoration, 
enhancement, and reproduction. In this paper, we present a 
metric for assessing the visual quality of color images. The 
proposed metric is designed to measure the perceivable distortion 
in the CIELAB color space. The CIELAB just noticeable color 
difference (JNCD) is used as the visibility threshold of distortion 
for each color pixel. Simulation results show that the assessment 
of the proposed image quality metric is more correspondent with 
the subjective assessment than other state-of-art metrics.

 Keywords—image quality metrics; CIELAB color space; just 
noticeable color difference (JNCD).

 
I.

  

INTRODUCTION 

 Today with the increase concern in research and 
development with digital imagery, there is a real need for 
image quality assessment methods that quantify how a 
distorted image looks compared to the original one as 
perceived by a human observer.  Image quality assessment 
methods can be classified into two categories: subjective and 
objective. The subjective image quality assessment methods 
are accurate in estimating the visual quality of an image 
because they are carried out by human subjects but are costly 
process that requires a large number of observers and takes a 
significant time. On the other hand the objective image quality 
assessment methods are computer-based methods that can 
automatically predict the perceived image quality. Hence the 
objective image quality assessment methods gained more 
popularity.

 Objective image quality assessment methods also may be 
classified into full reference, reduced reference, and no 
reference methods based on the availability of the reference 
image. Full reference image quality assessment requires 
complete information about the reference image; and partial 
information about the reference image is required for the 
reduced reference image quality assessment; while no 
information about the reference image is needed in no 
reference image quality assessment. This paper focuses on the 
full reference image quality assessment methods for color 
images where both the original and the test images are 
available.

 Many researchers have contributed significant research in 
the design of objective image quality methods starting from the 
widely used mean square error (MSE) metric and its correlated 
peak signal to noise ratio (PSNR). The weighted signal to noise 
ratio (WSNR) [1] simulates the human visual system properties 
by filtering both the reference and distorted images with 
contrast sensitivity function and then compute the SNR. 
Miyahara [2] proposed a picture quality scale (PQS) based on 
three distortion factors: the amount, location and structure of 
error. The perceptual color fidelity metric (S-CIELAB)[3] is a 
spatial extension to the CIELAB metric for measuring color 
reproduction errors of digital images. It simulates the spatial 

sensitivity of the human visual system by spatial filter process
 on images. Wang and Bovik [4] proposed a new universal 

image quality index (UQI) and its improved form
 
the single-

scale structural similarity index (SSIM) [5] by modeling the 
image distortion as the combination of loss of luminance, 
contrast, and correlation. In [6] the single-scale structural

 similarity index was extended into a multi-scale structural 
similarity index (MSSIM) that works in multi-scales of an 
image and achieved a better result than SSIM. Information 
fidelity criterion (IFC) [7] and visual information fidelity (VIF) 
[8] both are based on information theory in which the distorted 
image is modeled as a sequence of passing the reference	  
images through distortion channels and quantify the visual 
quality as mutual information between the test image and the 
reference image. Shnayderman et al. [9] explored the feasibility 
of singular value decomposition (SVD) for quality 
measurement. In [10] a two a two-staged wavelet based visual 
signal to noise ratio (VSNR) was proposed based on the low-
level and the mid-level properties of human vision. A structural 
information-based image quality assessment algorithm [11] 
uses LU factorization for representation of the structural 
information of an image. An image quality metric using the 
phase quantization code [12] was proposed and extended to 
amplitude/phase quantization code [13]. Wang and Li [14] 
incorporated the idea of information content weighted pooling 
and applied it to peak signal to noise ratio (PSNR) and 
structural similarity measure (SSIM) leading to an information 
content weighted PSNR (IW-PSNR) and an information 
content weighted SSIM (IW-SSIM). In [15] a feature similarity 
index (FSIMc) for color image quality assessment is proposed 
based on the fact that human visual system understands an 
image mainly according to its low-level features. Specifically, 
two kinds of features, the phase congruency (PC)

 
and the 

image gradient magnitude (GM) are used in FSIMc.
 

II.
 

CIELAB COLOR SPACE

 The CIELAB color spaces is considered to be perceptually 
uniform and referred to as uniform color spaces in which the 
Euclidean distance between any two different colors in the 
color space correspond approximately to the difference 
perceived by the human vision between the two colors. 

 
This 

color space was established by CIE (International Commission 
on Illumination) as nonlinear transformations of tristimulus 
XYZ values to overcome the non-uniformity of color spaces 
that had been discussed by MacAdam [16]. The three 
coordinates of CIELAB (L, a, and b)

 
represent the lightness of 

the color, its position between red/magenta and green, and its 
position between yellow and blue respectively.

 
The CIE 

recommended using XYZ coordinate system to transform RGB 
values to CIELAB as following:
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And then from XYZ to CIELAB color space 

 

 
where 

 
Here Yn = 1.0 is the luminance, and Xn = 0.950455,  
Zn = 1.088753 are the chrominances for the D65 white point. 

III. THE PROPOSED METHOD 
A useful rule of thumb in CIELAB color space is that any 

two colors can be distinguished if the Euclidean distance 
between these two colors is greater than threshold 2.3 [17]: 

               
This distortion threshold is known as the Just Noticeable 

Color Difference (JNCD) threshold. Therefore all the colors 
within a sphere of radius equal to the JNCD threshold are 
perceptually indistinguishable from each other.  

To estimate the perceived quality of a given distorted color 
image, the original and distorted images are first transformed to 
CIELAB color space for measuring the associated JNCD 
threshold and then the proposed image quality metric, termed 
as Improved CIELAB, is defined as: 

     
where d is the Euclidean distance between two colors in the 
CIELAB color space, M and N are the image dimensions. 

IV. RESUTTS AND DISCUSSION 
In this section, the performance of the proposed image 

quality measure in terms of the ability of predicting the 
subjective ratings is analyzed. We used the popular Tampere 
Image Database (TID2008) [18] to test the performance of 
proposed quality measure. This database is the most recent and 
largest database so far available that includes more images and 
more distortion types for verification of full reference quality 
metrics. The TID20 08 database contains 1700 distorted 
images (25 reference images ×17 types of distortions×4 levels 
of distortions). Mean Opinion Scores for this database have 
been obtained as a result of 838 subjective experiments. During 
these tests, observers from three countries (Finland, Italy, and 
Ukraine) have carried out about 256000 individual human 
quality judgments.  

The proposed quality measure was applied to the set of 
images used in the TID2008 and the results were compared to 
the subjective MOS. For comparison, the same set of images 
were presented to 6 well-known objective image quality 
measures that are commonly used and their implementations 
are publicly available on the Internet namely: universal image 
quality index (UQI) [4], structural similarity index (SSIM) [5], 
multiscale structural similarity index (MSSIM) [6], information 
fidelity criterion (IFC) [7], visual information fidelity (VIF) 
[8], and Visual Signal to Noise Ratio (VSNR) [10]. 

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

        

TABLE I.  PEARSON’S CORRELATION COEFFICIENT OF THE SCORES GIVEN BY DIFFERENT IMAGE QUALITY ASSESSMENT METRICS AGAINST 
MOS FROM TID2008 IMAGE DATABASE 

 
SSIM MSSIM UQI IFC VIF VSNR ΔIE

Additive Gaussian noise 0.767 0.748 0.532 0.581 0.867 0.745 0.922

Additive noise in color components 0.785 0.778 0.482 0.535 0.895 0.764 0.925

Spatially correlated noise 0.796 0.76 0.551 0.611 0.859 0.75 0.934

Masked noise 0.731 0.787 0.760 0.730 0.892 0.753 0.778

High frequency noise 0.821 0.822 0.685 0.712 0.945 0.883 0.959

Impulse noise 0.632 0.625 0.565 0.493 0.815 0.624 0.818

Quantization noise 0.791 0.757 0.553 0.110 0.745 0.813 0.818

Gaussian blur 0.878 0.877 0.890 0.871 0.939 0.916 0.656

Image denoising 0.914 0.915 0.803 0.712 0.898 0.919 0.902

JPEG compression 0.93 0.931 0.796 0.782 0.932 0.906 0.914

JPEG2000 compression 0.952 0.939 0.914 0.819 0.917 0.934 0.845

JPEG transmission errors 0.828 0.824 0.843 0.775 0.872 0.647 0.658

JPEG2000 transmission errors 0.831 0.788 0.685 0.699 0.831 0.761 0.658

Non eccentricity pattern noise 0.661 0.665 0.734 0.836 0.736 0.566 0.651

Local block-wise distortions of different intensity 0.872 0.796 0.852 0.703 0.834 0.273 0.787

Mean shift (intensity shift) 0.727 0.669 0.563 0.484 0.592 0.247 0.739

Contrast change 0.70 0.769 0.469 0.296 0.883 0.428 0.445

International Journal of Engineering Research & Technology (IJERT)

ISSN: 2278-0181

www.ijert.orgIJERTV4IS051153

(This work is licensed under a Creative Commons Attribution 4.0 International License.)

Vol. 4 Issue 05, May-2015

1593



Two criteria were used to evaluate the performance of the 
image quality metrics. These criteria characterize two attributes 
related to the prediction of each image quality metric [19]: 

1. Prediction Accuracy:  The ability of an objective 
image quality metric to predict the subjective 
MOS with minimum average error. The Pearson’s 
linear correlation coefficient was used to measure 
the prediction accuracy. 

2. Prediction Monotonicity: The ability of given by 
an objective image  quality  metric to  give  values 
that are monotonic in their relationship to the 
corresponding subjective MOS values. This 
attribute was measured by the Spearman’s rank 
order correlation coefficient. 

Tables I and II show Pearson’s correlation coefficient and 
Spearman’s rank order correlation coefficient of scores given 
by several image quality assessment metrics for individual 
distortions from TID2008 image database. It is clear from those 
tables that the proposed metric outperforms the other metrics 
for the quality assessment of many distortion types such as 
Additive Gaussian noise, Additive noise in color components, 
Spatially correlated noise, High frequency noise, Impulse 
noise, Quantization noise, and Mean shift. While it has a 
competitive performance with the other metrics for Masked 
noise, Image denoising, and JPEG compression. 

V. CONCLUSION AND FUTURE WORK 
In this paper, we presented a mathematically simple but 

novel metric for the quality assessment of color images. This 
metric is based on the Just Noticeable Color Difference 
(JNCD) threshold of the perceptually uniform color space, 
CIELAB. Results show that the proposed quality metric 
provides ratings that are more consistent with human 
perception of color image quality for many distortion types. 
Future work includes taking into account the different 

sensitivities of the human visual system (HVS) to the contents 
of the images where many studies have found that the 
perceptibility of color difference depends on the contents of the 
images.  
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Contrast change
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