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Abstract—In this paper, we propose a new reduced reference
image quality assessment algorithm based on the recent advances
in sparse coding and representation, particularly, the entropy of
primitives (EoP). The EoP is defined in terms of the distribution
of the primitives, which form an overcomplete dictionary to
represent the natural scene by linear combination. Constructively,
we develop a reduced reference EoP based distortion metric
(EoPM). EoPM has the property that it is nearly invariant to the
geometry distortions, which hardly affect the visual quality but
are often wrongly predicted by the existing image quality
assessment metrics with severe distortion. Experimental results
show that the accuracy of EoPM is highly competitive to the
popular reduced reference image quality assessment algorithm
on the public dataset.

Index Terms—Reduced reference, image quality assessment,
sparse coding, entropy of primitives.

L INTRODUCTION

Nowadays, developing accurate and efficient objective
image quality assessment (IQA) algorithms are crucial as they
can be used to evaluate, control, and optimize the visual
quality of the multimedia systems. Most of the existing IQA
algorithms are full reference (FR), indicating that they are
based on the full access of the original image, such as the
structural similarity (SSIM) [1] and visual signal-to-noise ratio
[2]. However, in many applications the reference images are
not available, and thus creating IQA algorithms that depend on
much less information from the reference image is another
focus of research. These algorithms can be categorized into
reduced reference (RR) and no reference (NR) algorithms. The
NR algorithms are usually designed with the prior knowledge
of the distortion process [3][4]. However, they are less
efficient in providing a high correlation with the subjective
quality evaluations because of the absence of the reference
image information. Fortunately, the RR IQA can achieve a
good tradeoff between the FR and NR algorithms, as they can
predict the image quality in terms of a few extracted features,
which require significantly less data than transmitting the
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original image.

The General framework of an RR IQA system is shown in
Fig. 1 [5]. Taking the instance of a typical visual
communication system, the selected features are extracted and
transmitted to the receiver side. The data rate of the side
information in transmitting the features is typically much
lower than that of the visual information channel. At the
receiver, the difference between the features that are extracted
from the original and distorted images is employed in
evaluating the image quality. Generally, the selected features
should summary the whole image and exhibit strong
correlations with image distortions, such that the perceptual
quality of natural images can be reflected in the feature
comparison process.

Recently, many RR IQA algorithms have been proposed.
When the prior knowledge of image distortion type is known,
the RR features can be defined to quantity specific artifacts,
such as blurring, blocking and ringing [6][7]. However,
because of the limitations of the prior image distortion type,
this approach cannot be extended to general purposes. Another
attempt is evaluating the image quality based on the modeling
of natural image statistics [8]. The intrinsic principle behind
this approach is that image distortions may make the image
unnatural. Therefore, the performance of this approach is not
very much affected by the distortion process, which is
practical for real-world applications.

Recently, the Sparseland model has been proposed to
describe signals based on the sparsity and redundancy of
signal representations [9]. The basic idea is to perform
redundant transform of the input signal with the constraint of
sparest representation. Sparse representation has been shown
to be efficient in many image processing applications, such as
denosing [10] and super-resolution [11]. In this paper, inspired
by the concept of sparse representation, we propose a RR IQA
algorithm based on the entropy of primitives (EoP). The
proposed EoP based metric (EoPM) has been shown to
effectively quantify various types of distortion.
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Fig. 1. General framework of an RR IQA system [5].



The rest of this paper is organized as follows. In section II
we introduce the image primitive coding and the concept of
EoP. In section III, we propose the RR IQA algorithm. Section
IV shows the performance of the proposed RR IQA algorithm.
Finally, we conclude this paper in section V.

II.  ENTROPY OF PRIMITIVE

A. Image Primitive Coding

In the Sparse-Land model [9], it is assumed that the natural
signals can be decomposed over a redundant dictionary with
sparse representation. In this model, for each signal x € R%, x
can be represented by a linear composition of the primitives
from the dictionary D (D € R4*¥), which is an over-complete
dictionary containing k primitives. Such that V x, 3a € R¥
satisfying x = Da and ||a||, < d, where the notation ||e]|,
represents the /onorm. Typically, the dictionary is redundant to
the signal x and k > d.

The overcomplete dictionary can either be a pre-defined set
or learned adaptively from the input signal. In this work, we
employ the second approach by training the dictionary
according to the input image. Assuming the input image to be
X, which can be partitioned into many overlapped patches x;,
Xa,..., X;, i=1, 2,...,M. These patches are collected and used as
training samples. The K-SVD algorithm [12] is applied to the
set of patches to obtain the content adaptive dictionary D, and
the objective function is formulated as follows,
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The dictionary trained from 8x8 patches partitioned from Lena
image is shown in Fig. 2.

Sparse coding is referred to calculating appropriate
coefficients @ with respected to the trained dictionary D. Thus
it can be formulated as

ai:argminnxi—Dai”; s.t. ||ai||0<L )

This is a NP-hard problem in general, which can be
approximated by a wide range of techniques [9]. In this paper,
we employ the orthogonal matching pursuit (OMP) [13]
algorithm to solve this problem because of its simplicity and

efficiency.
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Fig. 2. Dictionary trained with overlapped image patches from
Lena image.

B. Entropy of Primitive

Based on the image primitive coding, the entropy of
primitive (EoP) is proposed to measure the amount of visual
information [14]. The algorithm of EoP calculation is shown
in Algorithm 1. Particularly, the K-SVD algorithm is applied
to adaptively generate the dictionary, and OMP algorithm is
employed to perform sparse coding for each non-overlapped
patch. After obtaining the probability of each primitive, the
EoP can be finally calculated.

Algorithm 1. Summary of the EoP calculation algorithm.

Step 1: Generate the image primitives with K-SVD scheme.
(8x8 overlapped image patch set, image primitive number : 256)
Step 2 : Divide image into s non-overlapped patches.
Step 3 : For each patch, perform sparse coding.
[ : the number of image primitives to represent each patch
T : the number of image primitives used in representing the image
T=s-1 3
N, the number of primitive j used in sparse coding
Step 4: Compute the EoP.
p;: the probability of each primitive
=N,/T @)
EoP is calculated by
EoP =-Zj pjlog (1) ®

III. REDUCED REFERENCE IMAGE QUALITY ASSESSMENT

Given each /, there will be a corresponding EoP value. The
EoP value for each image is shown in Fig. 3. It is observed
that the EoP value increases with the number of primitives /,
and tends to converge to stable values beyond a threshold.
From the image statistics point of view, the sparse coding can
be treated as the best explanation of the input image data with
the sparest constraint, and EoP could well quantify the visual
information based on the sparse representation [15]. When the
EoP converges, little perceptual loss is observed compared to
the original input image.
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Fig. 3. EoP curves of the original images for (a) Lena and (b)
Airplane.
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Fig. 4. EoP curves for the distorted images with different quality factors.

Another observation on EoP is that it is related to the visual
quality of natural images. In Fig. 4, the EoP of the distorted
images compressed with different quality factors (QF) are
demonstrated. It is observed that though the curve shapes are
similar, the EoP value is highly correlated with the image
quality. Based on the observation, the EoP based IQA metric
is proposed by comparing the EoP between the original and
distorted images. Specifically, assume the EoP value at the
point / is denoted to be EoP,, and then the point ¢ at which the
EoP converges to a constant value is obtained as follows,

EoPF — EofF _|
- e (6)
max(EoP)—min(EoP)

where £ is a threshold. The EoP, of different QFs are shown
in Fig. 5, which illustrates that the EoP, increase
monotonously with the image quality. Then the proposed
quality measure is defined by comparing this quantity of the
original image EoP, and the distorted image EoP,” as follows,

EoPM =| EoP, — EoP'| (7

In this scheme, only the data EoP, of the original image is
required to transmit in evaluating the image quality, which is
negligible compared to the original image, and even much less
than the side information of the selected features in the state-
of-the-art RR algorithms.

t =argmin{/}, s.t.
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Fig. 5. EoP, for the distorted images of different QFs.
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IV. EXPERIMENTAL RESULTS

In this paper, the popular LIVE image database [16] which
was developed at The University of Texas at Austin is used to
evaluate the performance of the proposed metric. Specifically,
29 original high-resolution 24 bits/pixel RGB color images are
used in the database. Different distortion types are generated,
such as JPEG2000, JPEG, white noise, Gaussian blur, and fast
fading channel distortion of the JPEG2000 bitstream. Five
evaluation metrics that are used to access the performance of
the quality metrics are as follows.

a) PLCC: Pearson linear correlation coefficient

b) MAE: Mean absolute error

¢) RMS: Root mean-squared

d) SRCC: Spearman rank order correlation coefficient
e) KRCC: Kendall’s rank correlation coefficient

These metrics can efficiently evaluate the prediction
accuracy, monotonicity, and consistency of the IQA
algorithms. In this experiment, the popular full reference IQA
metric SSIM [1] and reduced reference IQA metric Wavelet
marginal [8] are used for comparison.

The performance in terms of the five indicators described
above is shown in Table 1. It is observed that the proposed
method outperforms the state-of-the-art RR metric Wavelet
marginal in terms of all the five indicators. The performance is
not as good as the full reference metric SSIM, as only the EoP
of the reference image is used in the quality evaluation.

However, the state-of-the-art quality metrics such as SSIM
and PSNR are not accurate in quantifying the geometric
distortions, as shown in Figs. 6&7. The translation and
rotation have little effects on the image quality, while both
SSIM and PSNR drop drastically. In contrast, EoPM can
accurately predict the geometric distortions, as the EoPM for
the images that undergo the geometric distortion are smaller,
indicating that the distorted images appear similar as the
original image.

Table 1. Performance comparison with the SSIM and Wavelet marginal methods on the LIVE database.

LIVE database (full 982 images)''®!
IQA measure Type PLCC MAE RMS SRCC KRCC
SSIM FR 0.9648 6.1507 8.2263 0.9729 0.8635
Wavelet marginal RR 0.8342 12.8153 17.2557 0.8517 0.6683
EoPM RR 0.8801 11.5777 14.8589 0.9007 0.7326




V. CONCLUSION

In this paper, we propose a EoP based reduced reference
image quality metric. The image quality is evaluated in terms
of the difference of the EoP, which has been shown to
efficiently quantify the visual information. As a reduced
reference metric, only the EoP value of the reference image is
required to be transmitted, and this is negligible compared to
the size of the reference image. The proposed metric is
invariant to the geometric distortion, and performs
competitively against the well know quality assessment metric
on the public dataset. In the future work, we will investigate
more about the EoP based image processing algorithms, from
both the theoretical and applicable aspects.
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