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a b s t r a c t

Digital images may lose certain information during transmission or transcoding processes. Since the lost
information can influence the visual quality perceived by the human eyes, several quality assessment
metrics have been proposed. The structural similarity index (SSIM) and visual information fidelity
(VIF) are two of the most common methods that take characteristics of the human perceptual system into
account. Although many improved metrics based on SSIM have been developed, the methods related to
VIF, which outperforms SSIM-based approaches in certain image databases, have rarely been discussed.
This research aims at improving VIF to increase the effectiveness and reduce its computational complex-
ity. The enhanced VIF employs the Haar wavelet transform, log-Gabor filter, and spectral residual
approach to emphasize the visual sensitivity in image quality assessment. The experimental results
demonstrate the superior performance of the proposed method, when compared to various popular or
latest assessment indices.

� 2016 Elsevier Inc. All rights reserved.

1. Introduction

A significant amount of imagery information is digitized nowa-
days to facilitate storage and transmission. Digital images are
easily influenced by various types of processing and noises during
acquisition and conversion processes. Whether a distorted image
demonstrates reduced visual quality or not is always a focus of
study. Image quality assessment plays a crucial role in many
applications, such as image enhancement [1,2], acquisition [3],
watermarking [33], compression [34] and transmission [35]. The
assessment methods are divided into subjective and objective
quality measures. More accurate and reliable ways of assessing
the image quality should be through subjective evaluation by the
human visual system (HVS). However, such methods are restricted
by the environment and specific conditions. In addition, subjective
measures are not only time consuming but also costly, rendering
them improper in many situations. Objective measures involve a
set of assessment algorithms that can automatically evaluate the
image quality so the feasibility is significantly increased. Generally,
when the results of objective image assessment are more consis-
tent with the subjective scores, they are considered closer to the

quality perceived by the human eyes. Therefore, the methods of
objective quality measurement are usually designed to seek con-
sistency with the subjective scores in experiments. Various algo-
rithms have been developed in this manner to pursue more
accurate objective quality evaluation [1–4,29].

Regarding the use of reference images or undistorted original
images, objective image quality measures can be classified as
full-reference, reduced-reference, and no-reference methods.
When the complete original image is available, the full-reference
method yields the most accurate results. The reduced-reference
method employs partial information in the original image to assess
the quality such that the necessary data for quality evaluation can
be reduced. Reduced-reference methods are thus more suitable to
video quality evaluation. The no-reference method, although pre-
ferred, is relatively difficult to conduct since the distorted areas
in images cannot be located easily. This research focuses on
improving quality assessment for digital images to produce the
results better corresponding with the visual quality perceived by
the human eyes, so the full-reference methodology is adopted.

The traditional full-reference image quality measures are mean
squared error (MSE) and peak signal-to-noise ratio (PSNR), which
use the amount of pixel errors in the reference image and the dis-
torted one to determine degree of distortion. The major advantage
of MSE/PSNR is a low computational complexity but the errors
without considering the HVS characteristics do not yield a good
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correspondence between the results and subjective scores. There-
fore, current image assessment methods usually incorporate the
models of HVS to enhance the performance. Such methods can
be roughly divided into two stages. Local information of the two
images is first gathered and compared to obtain local assessments,
which are combined in the second stage into an overall quality
assessment. The structural similarity index (SSIM) [5] is the most
commonly employed image assessment method. SSIM separately
assesses the local brightness, contrast, and structure of both
images, and then averages all local assessments to acquire the
overall assessment. Unlike traditional image assessment methods,
which tend to compare differences pixel by pixel, SSIM adopts a
patch-based approach because the human eyes can easily perceive
local information differences in an area, instead of individual pixel
differences.

Several SSIM-based methods are proposed to improve the effec-
tiveness. The information content weighted SSIM (IW-SSIM) [7]
and feature similarity index (FSIM) measures [8] are considered
very effective image assessment methods in the recent literature.
The IW-SSIM is an improved image assessment method based on
SSIM. FSIM simultaneously assesses the phase congruency [9]
and gradient magnitude of images. Compared to other SSIM-
based methods, both IW-SSIM and FSIM perform well as the
reported results correspond to the subjective scores more closely,
with the cost of additional complexity.

Visual information fidelity (VIF) [6] is another image assess-
ment method based on the characteristics of HVS. VIF includes
the concept of information theory and simulates image signals to
extract cognitive information through the HVS channel. Fidelity
refers to the similarity between signals from the reference and dis-
torted images. VIF applies the wavelet decomposition to calculate
the mutual information between the two images. The compiled
mutual information will determine the ratio for generating the
overall assessment results. Compared with SSIM-based methods,
the improvement of VIF is rarely discussed probably because SSIM
is more intuitional and possesses less computational complexity.
However, by considering the three most frequently used image
databases, TID2008 [10], LIVE [11], and CSIQ [12], SSIM-based
methods only perform better in TID2008 and is outperformed in
LIVE and CSIQ by VIF. Therefore, this research aims at enhancing
the effectiveness of VIF in TID2008 to achieve overall superior per-
formance and reducing its computational complexity to increase
the scope of applications.

The proposed method is basically composed of three parts,
including the Haar wavelet transform [13], log-Gabor filter [14],
and spectral residual approach [15]. The Haar wavelet transform
is first applied to both the reference and distorted images to filter
out high-frequency components, which are less visually sensitive,
leaving low-pass images that contain important contents. The
log-Gabor filter is used to decompose the spectra of two low-
pass images into multiple-scale horizontal and vertical subbands.
According to the spatial domain responses of each band, the fea-
tures of image distortion that the human eyes are sensitive to will
be captured, along with the corresponding reference image fea-
tures. The VIF method then calculates the local mutual information
between both images and estimate the amount of local image
information via the HVS channel. Finally, the spectral residual
approach is adopted to detect the object regions of the reference
image that the human eyes care, which will act as the weighting
basis of the integrated local information. The local information of
both images is compiled to determine the ratio, which is used to
compute the overall image assessment score.

The organization of the rest of the paper is as follows: Section 2
describes the VIF image assessment principles. Section 3 explains
the theory, structure, and implementation of the proposed image
assessment method, S-VIF. Section 4 presents the experimental

results to demonstrate the feasibility of S-VIF. The conclusion is
presented in Section 5.

2. VIF

The main structure of VIF is shown in Fig. 1. First, the Gaussian
scale mixture (GSM) model [16] is used to transform natural
images into the Gaussian vector random field. Image signals with-
out distortion can pass directly through the HVS channel and enter
the brain, where perceptual information is extracted. However, if
images are distorted, it can be assumed that the reference image
signals have passed through other distortion channel before enter-
ing the HVS channel. In this structure, VIF separately calculates the
following two types of mutual information: the mutual image
information before and after transmission through the HVS chan-
nel, which is called reference image information; and the mutual
image information before and after transmission through the
distortion and HVS channels, which is called distorted image
information. Each piece of information of the reference and
distorted images will be used in the quality assessment process.

2.1. Source model

A wavelet transform is first applied to decompose the reference
image into multiple-scale horizontal and vertical subbands, and
then the GSM model is used to transform each band of the refer-
ence image into the Gaussian vector random field. The reference
image bands are divided into 3 � 3 non-overlapped blocks. The
nine coefficients in each block form vector c. The overall band
can thus be regarded as the vector random field C. Using the
GSMmodel, we can further represent C as the product of two inde-
pendent random fields, specifically, the positive scalars random
field S and the zero-mean Gaussian vector random field U with a
covariance matrix CU , as shown in (1). The original vector random
field C transformed through the GSM model possesses Gaussian
distribution characteristics with a zero mean and the covariance
matrix S2CU [16–18]. I denotes the set of spatial indices for the ran-
dom field.

C ¼ S � U ¼ fsi � ui : i 2 Ig ð1Þ

2.2. Distortion channel

The wavelet transform is also applied to decompose distorted
images into multiple-scale horizontal and vertical subbands. The
distortion channel through the reference image band and corre-
sponding distorted image band is calculated. The distortion chan-
nel mainly uses the signal attenuation and noises in the wavelet
domain to simulate image distortion, as shown in (2), where C is
the reference image band random field, D is the corresponding
distorted image band random field, g is the scalar gain field for
simulating signal attenuation, and V is the zero-mean additive
Gaussian noise with a covariance matrix CV ¼ r2

v I, which can be
used to simulate image signal noises. The distorted image random
field D can be represented as the reference image random field C
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Fig. 1. The VIF schema.
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