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Abstract — Image Quality assessment (IQA) is used for
computational models to measure the image quality. In this paper, a
new hybrid method of FR (full reference), RR (reduce reference)
and NR (no reference) image quality metrics (IQM) is proposed for
image quality assessment (IQA). This proposed method improves
the drawbacks of FR and RR approaches and works for FR, RR
and NR simultaneously. It gives errorless and efficient output. The
sparse feature fidelity (SFF) method is used for the FR and RR
algorithm as they are similar to each other. The SFF relates the
quality of an image with the reliability to the reference image. The
sparse features are acquired by feature detector. It trained on the
samples of natural images by an ICA algorithm. The hybrid no
reference (HNR) method is used for NR algorithm. HNR model is
based on hybrid of curvelet, wavelet and cosine transforms. NR
algorithm is used when reference or undistorted images are not
available. Natural scene statistic (NSS) properties are used to make
NR possible. The peak coordinates of the transformed coefficient
occupy well define clusters in peak coordinate space. This method is
applicable to arbitrary images without compromising the prediction
accuracy of full reference methods. Experimental study shows the
proposed method performs better than other previous methods and
improves the effectiveness of IQA.
Key Words — Image quality assessment (IQA), image quality
metrics (IQM), full reference (FR), reduce reference (RR), no
reference (NR), natural scene statistics (NSS), hybrid no reference
(HNR).

I. INTRODUCTION
Digital cameras and internet are the popular media. Millions of
photos are taken daily and posted online. These photos are stored
on computers, websites, cameras and even in cell phones also.
They goes from various distortion and result into large quality
variance. Picture shooting, image compression, transmission and
post processing are the different distortions that image applied.
Even photos taken from high quality digital camera, incorrect
focus, low-quality lens or camera shake create blur image. Lossy
compression is another cause of quality degradation. Therefore
image quality assessment (IQA) is essential to image applications
and imaging services. The increasing demand for image
processing technology has pushed the need for accurate image
quality metrics (IQM) to the front position. Therefore a great
deal of interest and research has been devoted to the design and
development of models for IQA.
According to the availability of reference image, IQA metrics
can be classified as FR, RR and NR methods [1-3]. Both FR and
RR algorithms require access to the reference image during
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quality estimation. But it is not possible to get the undistorted
reference image always. Images found on internet are in
compressed format or images exported from an average camera
have expected built in noise, blur and compression. Therefore the
undistorted images were either lost or never exist. The NR
algorithm alleviates the drawbacks of FR and RR approaches. It
takes the statistical properties of the natural image that are taken
from high quality capture devices in the visual spectrum. It is
also called as NSS. In this paper, a new hybrid approach of FR,
RR and NR IQMs is proposed. This model works simultaneously
for FR, RR and NR algorithms and gives output without any
error. It automatically and robustly measures the image quality in
real time and automated system. The present paper is divided
among several sections. At first the need is discussed along with
that the existing methodologies and their advantages and
disadvantages are stated. Next the proposed method is presented
in detail. At last it is concluded with the advantages of proposed
methodology.

II. BACKGROUND
In this work, a new hybrid approach of FR, RR and NR IQMs
is proposed. This model works simultaneously for FR, RR and
NR algorithms with errorless output. There are two categories of
IQA methods: Subjective assessment by humans and Objective
assessment by algorithms design to mimic human observers.
Subjective evaluation provides accurate results for any
evaluation but it is costly and time consuming process. Therefore
objective IQM is developed which automatically predict the
image quality. In this proposed method, both subjective and
objective evaluations can be performed. The sparse feature
fidelity (SFF) method is used for the FR and RR algorithm as
they are similar to each other. The SFF relates the quality of an
image with the reliability to the reference image. The hybrid no
reference (HNR) method is used for NR algorithm. It used when
reference or undistorted images are not available. Natural scene
statistics (NSS) property is used to make NR possible. This
model works simultaneously for FR, RR and NR algorithms and
gives errorless output. It automatically and robustly measures the
image quality in real time and automated system.
There are various IQA methods used for computational models
to measure the image quality. Depending on the availability of
reference image, separate algorithms were used to measure the
image quality. It was very time consuming and costly process.
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Sometimes errors were occurred. Therefore a hybrid approach of
FR, RR and NR IQMs is proposed that works simultaneously and
gives effective errorless output.

be consistent with subjective human evaluation. As the human
visual system (HVS) is critical to visual perception, they
regarded modeling of the HVS as the most suitable way to
achieve perceptual quality predictions. H. Chang et.al [1]
proposed sparse feature fidelity(SFF) metrics for perceptual IQA.
It is proposed for full-reference IQA on the basis of
transformation of images into sparse representations. The
computation of SFF is divided into two stages: training and
fidelity computation. Firstly, the universal feature detector,
which used for extracting sparse features, is trained by Fast ICA
in the training stage. Then the fidelity computation components,
feature similarity and luminance correlation are used. The
computation of feature similarity component is based on the
sparse features and luminance correlation is computed based on
the mean values of image patches. Finally, the SFF index is
achieved by combining feature similarity and luminance
correlation together. To increase the accuracy and stability,
visual attention and visual threshold were designed to remove the
perceptually unimportant information from image patches. L.
Zhang et.al [2] proposed feature similarity index (FSIM) to
overcome the drawbacks of the previous method. It is Low-level
feature-based IQA metric. The underlying principle of FSIM is
that HVS perceives an image mainly based on its salient lowlevel features. Two features, the phase congruency (PC) and the
gradient magnitude (GM) are used in FSIM. They represent
complementary aspects of the image visual quality. The PC value
is also used to weight the contribution of each point to the overall
similarity of two images. FSIM then extended to
by
incorporating the image chromatic features into consideration.
These two methods work for only FR and RR algorithms.
To overcome this drawback J. Shen et.al [3] proposed hybrid
no reference(HNR) natural image quality assessment method for
NR algorithm. From the properties of natural scene statistics, the
peak coordinates of the transformed coefficient histogram of
filtered natural images occupy well-defined clusters in peak
coordinate space. It makes NR possible. It is an NR method
applicable to arbitrary images without compromising the
prediction accuracy of full-reference methods. It can classify the
filter types of the image and predict filter level. S. Paris et.al [4]
proposed a pixel-based framework for blind IQA. It builds a nullreference IQA for a given distorted image. Its aim is to deliver
both the global objective score and distortion map where each
pixel has a distortion measurement. A. Mittal et. al [5] proposed
Natural Image Quality Evaluator(NIQA) IQA model which is
based on the construction of a “quality aware” collection of
statistical features based on a simple and successful space
domain natural scene(NSS )statistics.

III. PREVIOUS WORKDONE
Many methodologies have been proposed regarding image
quality assessment using various image quality metrics. In [1],
authors have presented several similar structural information
based IQMs, including complex wavelet structural similarity
(CW-SSIM) index, content-partitioned structural similarity index
and information content weighted SSIM (IW-SSIM). Besides the
structural approaches, there are some interesting IQMs based on
other properties of the HVS. They suggested gradient
information which is crucial for visual perception and can be
used for IQA. An ideal image quality method should be able to
simulate the properties of visual perception. They shows natural
scenes contain sparse structures, while sparse coding just
provides a strategy for extracting these intrinsic structures in
images. In [2], authors have presented the visual SNR (VSNR)
which is representative of designing human visual system (HVS)
based on IQA metrics. Three-component weighted SSIM (3SSIM) is proposed by assigning different weights to the SSIM
scores according to the local region type: edge, texture, or
smooth area. Information fidelity criterion (IFC) was later
extended to the visual information fidelity (VIF) metric. They
made use of the steerable complex wavelet (CW) transform to
measure the SSIM of the two images and proposed the CWSSIM index. They have also demonstrated that SSIM, MS-SSIM,
and VIF could offer statistically much better performance in
predicting images fidelity than the other IQA metrics. But these
are not work for NR algorithm.
In [3], authors have presented a special case curvelet NR
(CNR) model which works for NR algorithm. They also
proposed difference mean opinion score (DMOS). DMOS of
each image has a standard deviation of more than 10 across
different humans. He also discussed the quality aware image
format, which embeds the wavelet histogram information of the
original image into the image prior to distortion. They measured
the pixel distortion and edge data to predict JPEG2000 quality. In
[4], authors have presented full-reference Wavelet-domain
Euclidean-distance-based Image Quality Assessment (FRWEQA). It describes every pixel by their wavevectors. The
global O-Score and a distorted image are strongly correlated to
the subjective score. It does not provide the location of the
distortions. In [5], authors have presented opinion-aware (OA)
models that have been trained on database of human rated
distorted images and associated subjective opinion scores.
Algorithms like DIIVINE, CBIQ and BLIINDS are OA IQA
models.
IV. EXISTING METHODOLOGY

V. ANALYSIS AND DISCUSSIONS
Different strategies can be utilized in the IQA process. H.
Chang et.al [1] proposed sparse feature fidelity (SFF) metrics for
perceptual IQA. It is proposed for full-reference IQA on the basis
of transformation of images into sparse representations. Training

Image quality assessment (IQA) is essential to image
applications and imaging services. The prediction of IQM should
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and fidelity computation are the two stages. Firstly, the feature
detector, W, is received from a training stage. Then W is used to
extract sparse features from reference and distorted image
patches. Lastly, SFF quality index is calculated on the basis of
the sparse features in the second stage. L. Zhang et.al [2]
proposed feature similarity index (FSIM). It is Low-level featurebased IQA metric. PC is a dimensionless measure and used as the
primary feature in FSIM. GM is employed as the secondary
feature in FSIM. PC and GM play complementary roles in
characterizing the image local quality. After obtaining the local
quality map, PC is again used as a weighting function to derive a
single quality score. To calculate the similarity between images
f1and f2, denote by PC1 and PC2 the PC maps extracted from f1
and f2 respectively. G1 and G2, the GM maps extracted from
them. It should be noted that for color images. PC and GM
features are extracted from their luminance channels. FSIM will
be defined and computed based on PC1, PC2, G1 and G2.
Furthermore, by incorporating the image chrominance
information into FSIM, an IQA index for color images denoted
by
will be obtained.
J. Shen et.al [3] proposed hybrid no reference (HNR) natural
image quality assessment method for NR algorithm. The curvelet
transform is at the basis of HNR. Here curvelets are introduced
and emphasize their unique properties in representing curved
singularities. It justifies their use for IQA. Curvelets form an
overcomplete dictionary with the property that they are nearly
optimal for representing objects with singularities. Edges within
images have a sparse representation in curvelet space. Each
curvelet [see Fig. 1(a)] has an approximately elliptical support,
smooth along the major axis. It lies along the discontinuity and
oscillatory along the minor axis. There are three main attributes
of 2-D curvelets, not shared by wavelets: 1) they are intrinsically
2-D. 2) they follow a parabolic scaling: curvelets of smaller scale
contract as normal to the discontinuity and as along It. 3) they
are parameterized not only by position and scale but also by
orientation. Each coefficient in the curvelet expansion of an
image is the result of the convolution of the associated curvelet
and the image. If a curvelet of given scale, angle and location is
approximately aligned along some curve [see Fig. 1(b)], its
curvelet coefficient is large, otherwise it is close to zero.

Fig. 1: Left: four curvelets in the spatial domain with different
scales, angles and locations. Right: curvelets
aligned with the curved singularity have large coefficients,
otherwise their coefficients are close to zero.

VI. PROPOSED METHODOLOGY
Up to this point, various IQA models which work for FR, RR
and NR algorithms separately have been discussed. It takes lot of
time for processing. Sometimes error may occur depending upon
the availability of reference image. Therefore a new hybrid IQA
model is proposed which performs simultaneously on FR, RR
and NR IQMs. The block diagram of the proposed model is
shown bellow.
Hybrid IQA
Model

Reference
Image

FR, RR
Algorithm

Distorted
Image
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Algorithm

NSS
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Quality
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Image

Fig. 2: Block diagram of proposed hybrid model of FR, RR and
NR IQMs for IQA.
The image quality can be computed by comparing the distorted
image with the reference image. But reference image is available
only in the FR and RR algorithm. Sparse feature fidelity metric is
used for FR and RR algorithm. Sometimes the undistorted
reference image is lost or does not exist, then these two
algorithms fail to process. To alleviate the drawbacks of FR and
RR algorithm, NR algorithm is proposed which takes the NSS
properties to compare with the distorted images. As the proposed
method works for all these three algorithms simultaneously, the
reference image problem will not occur here and gives the output
without any obstacles.

A. Simulation of sparse feature fidelity

(a)

ICA models are used to simulate the visual processing at the
level of visual cortex. For each input image (patch), the output
information of this model is named as sparse feature. The sparse
feature can be seemed as the response of neurons in visual cortex
which is closely associated with visual perception [1]. The
difference between the responses of the reference and distorted
images can reflect the perceived difference in quality by humans.
So measuring the feature fidelity to the reference image can be
an effective way for evaluating the quality of a given image. ICA
is used for training a feature detector on samples of each
reference image. The samples come from each corresponding

(b)
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reference image, the training process should be involved in every
evaluation, which takes a lot of time. Sparse feature fidelity
(SFF) IQM is used FR and RR IQA. The SFF relates the quality
of an image with the fidelity to the reference image. It is in the
form of sparse features that are extracted by a feature detector.
They trained on samples of natural images by ICA. After
dividing a test image into image patches, the mean value of each
patch will be subtracted. Then all the patch vectors with zero
mean will be used for the computation of feature similarity. All
the mean values will be used to compute luminance correlation.
The component of feature similarity measures the structure
difference between two images. The luminance correlation
evaluates brightness distortions. The SFF index is obtained by
combining the two components into a quality score. The
calculation process of the proposed method is divided into two
stages: training and fidelity computation. Firstly, the feature
detector, W, is received from a training stage. Then W is used to
extract sparse features from reference and distorted image
patches. Lastly, SFF quality index is calculated on the basis of
the sparse features in the second stage.
B. CNR framework
Curvet no reference (CNR) works as an NR method. It is the
particular choice of the characteristics extracted from the
coefficients of the transformed images. It is the only general NR
method well suited for four types of filters: noise, blur,
JPEG2000, and JPEG compression. An ideal characteristic
(referred as image characteristic or IC) should only depend on
the FL. Independence of the IC from the image content is a key
requirement. Moreover, the FL should be a continuous function
of the IC. Here curvelets are briefly introduce and emphasize
their unique properties in representing curved singularities. It
justifies their use for IQA. The log-pdf of the curvelet
coefficients of the natural images are plot instead of the pdf used
in many NSS-based IQM. The peak of the log-pdf corresponds to
the larger values of the coefficients, rather than the smaller ones
in the case of the pdf. These larger curvelet coefficients identify
the curved singularities in the image, which are sensitive to the
image distortions. It makes the NR possible.

algorithms. FR and RR algorithms work only when reference
image is available. SFF model is used for FR and RR algorithm.
The universal feature detector is used for extracting sparse
features. The fidelity computation consists of two components:
feature similarity and luminance correlation is performed. The
computation of feature similarity component is based on the
sparse features and luminance correlation is computed based on
the mean values of image patches. Finally, the SFF index will be
achieved by combining feature similarity and luminance
correlation together. It does not work when there is no any
reference image. NR algorithm improves the drawbacks of the
FR and RR algorithms and works properly when there is no any
reference image. NSS of the log-pdf of the transformation
coefficients in the transformed space is studied. A reliable
statistical relation between the image quality levels and ICs
(carrying some invariance property of NSS) was obtained. It
makes NR assessment possible. Experimental result and
comparison with other leading IQA model shows that SFF can
achieve higher consistency and give effective output without any
error.
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VII. POSSIBLE OUTCOME AND RESULT
By using this new hybrid approach of FR, RR and NR IQMs
for IQA, it automatically and robustly measures the image
quality. This proposed method works simultaneously and gives
effective errorless output. This method is not fully dependent on
the availability of the reference image like FR and RR
algorithms. It simultaneously works for NR method with NSS
properties when reference image is not available and gives
errorless effective output.
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CONCLUSION
In this paper, a new hybrid approach of FR, RR and NR IQMs
is proposed. This model works simultaneously for these three
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