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Abstract—Recently, video quality evaluation method based on
structure similarity (SSIM) has been widespread concerned.
Compares with other traditional methods, it has a better
performance and is simpleto calculate. I n this paper, we follow
a new simple calculate metrics method in quaternion model, by
introducing structure similarity as three parts of the
guaternion, and the inter-frame-different (IFD) as the forth
part to metric the structural distortion between the two frames,
then we extract feature vector by using quaternion singular
value decomposition. The algorithm is tested on the video
quality expertsgroup (VQEG) Phase | FR-TV test data set.
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1. INTRODUCTION

There has been an increasing need to develop video
quality assessment methods that can predict perceived video
quality automatically. These metric methods can be used in
variety of video processing applications, such as
compression,  displaying,  analysis, = communication,
enhancement and restoration.

Video quality assessment methods can be divided into
two categories: subjective and objective assessment methods.
However, subjective assessment methods are considered to
be time-consuming and high cost, so objective assessment
methods have gradually became a focus for researchers. The
most commonly used objective video quality metrics are
mean squared error (MSE) and peak signal-to-noise ratio
(PSNR), because these methods are simple to calculate and
have clear physical meanings. However, they have been
widely criticized for not correlating well with perceived
quality measurement [1][2].

There are also many HVS-based methods developed,
which typically employ a frequency-based decomposition, or
take into account the visual detectability of the distortion by
considering human visual error sensitivities and masking
effects varying in different spatial and temporal frequencies
and directional channels, in spite of their complicated
algorithm.

Wang et al believe that natural image signals and video
signals are highly structured[3][4][5], the samples of the
signals have strong dependencies between each other,
especially when they are close in space, they develop a SSIM
method for image quality assessment and VSSIM method for
video quality assessment. Experiments show VSSIM is
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superior to the traditional video method, and still simple to
calculate.

In this paper, we proposed a new method based on
quaternion singular value decomposition, which combines
structure similarity and inter-frame-difference (IFD). The
results show the method is superior to MSE, PSNR and
VSSIM, while still simple to calculate.

The rest of the paper is organized as follows. In section II,
we give a brief introduction about singular value
decomposition (SVD); in section III, we describe how to
build quaternion matrix for video quality assessment; in
section IV, we give out the steps to calculate; in section V,
we compare the test results of different video quality
assessment models tested on the video quality experts group
(VQEG) Phase I FR-TV video dataset; finally, Section VI
draws conclusions.

IL QUATERNION AND SINGULAR VALUE DECOMPOSITION

A quaternion matrix Q is made of one real part and
three imaginary parts:

Q=a+hi+¢+dk (D
Where i , ] » K obey the rules as below:

i2=j2=k2=—1 )

i-j=—j-i=k j-k=-k-j=ik-i=-i-k=]j

The quaternion and quaternion matrix were introduced
in [6], and can be extracted feature vector by singular value
decomposition (SVD) was proved in [7]. According to the
definition of SVD in [8], for any quaternion matrix A
whose rank is r, there must be two quaternion unitary
matrix U and V , obey:

AZU(Z(:)r g}ﬁ' 3)

Where Zr:diag(olao'zs"',o})’ of(l<i<r) is the

singular value of matrix A.

Quaternion matrix and singular value decomposition
now is widely used in image and video research fields [14]
[15].
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III. QUATERNION MODEL OF VIDEO QUALITY ASSESSMENT
BASED ON INTER-FRAME-DIFFERENT AND STRUCTURAL
SIMILARITY

A. Inter-frame-difference (IFD) metrics

Some papers such as [9] and [10], use the difference of
luminance between frames to calculate the IFD. However, in
color video, the chrominance information is also important to
human visual. Figure. 1 shows the IFD (c) between frame i
(a) and frame i+1 (Db).

J
(c) IFD

Figure 1. Inter-frame-difference between the two frames

(a)frame i

(b)frame i+1

In this paper, We combine the difference of luminance and
chrominance information between two frames. The
definition of luminance difference dif,,,; and chrominance
difference dif
defined:

of the j-th window in the i -th frame are

chro
bsize

diflurri = Zpixelzl (Ypixel (I > J) _Ypixd (I - idistance’ ])) (4)
difchro = stze (cpixei (|9 J)_ Cpi><e| (I - idistance9 J)) (5)

pixel=1

Where bsize is the size of sample window, Yyq (i, |)
and Cq(i,]) are the luminance value and chrominance
value of the pixels in the j -th sampling window of the i -th
frame, and igg,ce 1S inter-frame interval such as 3 in this

paper.
The residuals difference of luminance comp,,,, and

chrominance CoMPy,, between the distortion and reference
video frames are defined:

comp, = 2(.diflurri)x(di'flum')y (6)
(i) + (dif s )y
comp, _ 2(dlfchro)x(dlfchro)y (7)

oo (difchro)x + (difchro)y

Where x and y are the distortion and reference video,

respectively.
Finally, the residuals compare value residual(x,y) of

each window is defined:

residual (x, y) = (comp,,, + comp,,,)/2  (8)
B. Sructural similarity metrics
The similarity index measure in[3] is defined as:
SIM(x,y) = f(1(X,y),c(X, Y),S(X, Y)) ©)

Where the luminance comparison |(X,y) , contrast
comparison C(X,Y) and structure comparison S(X,y) are
measured as follows:

oy =G o kLy (10)
Kty +
2 C

oy =T o mkoly? (D)

o, +0, +C,

20,,+C;

S(X,y)=———=,C;=C,/2 (12)
o0y +C;

2
Uy s Hy, O, O'y2 and o0, are the mean of X, the

Xy
mean of y, the variance of x, the variance of y, and the
covariance of X and Y, respectively.

Constants C, and C, , are given by:

C =(KiL)”.C, = (K, L)’ (13)

where L is the dynamic range of the pixel values (for
8*8 sample window, L =255), and K, and K, are two
constants whose values must be small such that C, or C,
will take effect only when (42 + ,uf,) or (g2 +g§) is small. In
this paper, we set K, =0.01 and K, = 0.03, respectively.

In summary, we define the IFD between the two frames
as one part of quaternion, and the other three parts are

[(X,Y) , c(%Y) , S(X,y) , respectively. The quaternion
model can be represented as follows:

Qx y)=residual(x y)+1(x yji+cx y)j+s(x yk (14)
Where i, j, k are the unit of imaginary number. The

residual (x,y) part describes the structure distortion of frame
sequence, and I(x,y),c(X,Y),s(X,y) parts describe the
structure similarity of each frame.

IV. QUATERNION SINGULAR VALUE DECOMPOSITION AND
VIDEO QUALITY ASSESSMENT

A. Frame Measure

According to the definition of singular value
decomposition, each quaternion matrix has a unique singular
value vector. We take the Euclidean distance of two singular
values vector as the measurement of frame, the feature value
of the frame i is:

Q- Sqr{Zife(si = n

Where s; is the j -th singular values in the singular

(15)

value vector of each frame in reference video, fe,,- is the j-th
singular values in the singular value vector of each frame in
distortion video, ssize is total elements number in the
singular value vector of the frame.

B. Inter-Frame Correlation

As the visibility of video distortion is easy impacted by
the scene change, we take the inter-frame correlation [11] as
a weighting factor between frames, as follows:
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v = > > RYR,(xY)
| 2; Z';:l Rl y)zgil 211 P, (x Y)z

Where P(x,y) is the pixel value of frame i in the
reference video, and P_,(x,y) is the pixel value of frame
i —1 in the reference video.

(16)

C. Video Measure
The overall quality of the entire video sequence is given

by:
E
S
L=l Z
i=1
Where F is the total number of the frames.

- am

v

V. EXPERIMENTAL RESULTS

The VQEG Phase I test dataset [12] for FR-TV video
quality assessment is used to test this quaternion model.
Three metrics are employed, First, the cubic polynomial
functions are used in a fitting procedure to provide a non-
linear mapping between the objective/subjective scores.
Metric 1 is the correlation coefficient (CC) between
objective/subjective scores after non-linear regression
analysis, they provide the prediction accuracy evaluation,
and the large value means the better accuracy. Metric 2 is the
spearman rank order correlation coefficients (SPOCC), the
large value indicates the better monotonicity. Metric 3 is the
outlier ratio, the small value indicates the better prediction
consistency.

In Table I, we give the comparison results of the three
metrics. Despite its simplicity, the CC and SPOCC metrics
of proposed method provides reasonably good results
compared with the other approaches except the outlier ratio.

TABLE L PERFORMANCE COMPARISON OF VIDEO QUALITY
ASSESSMENT MODELS ON VQEG PHASE I TEST DATA SET. METRIC 1:
CORRELATION COEFFICIENT; METRIC 2: SPEARMAN RANK ORDER
CORRELATION COEFFICIENTS; METRIC 3: OUTLIER RATIO. PO~P9: THE
VQEG PROPONENTS [13], DATA FOR PO~P9 IS FROM [13], DATA

FOR VSSIM IS FROM [5]
Model Metric Metricl | Metric2 | Metric3
PO(PSNR) 0.779 0.786 0.678
P1(CPqD) 0.794 0.781 0.650
P2(Tektronix/Sarnoff) 0.805 0.792 0.656
P3(NHK/Mitsubishi) 0.751 0.718 0.725
P4(KDD) 0.624 0.645 0.703
P5(EPFL) 0.777 0.784 0.611
P6(TAPESTRIES) 0310 0.248 0.844
P7(NASA) 0.770 0.786 0.636
P8(KPN/Swisscom CT) 0.827 0.803 0.578
PO(NTIA) 0.782 0.775 0.711
VSSIM 0.849 0.812 0.578
QSSIM 0.856 0.870 0.700
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Figure 2. Scatter plot comparison of different video quality
assessment models on VQEG Phase I test dataset. Vertical and
horizontal axes are for subjective and objective measurements,
respectively.

Figure. 2 (a), (b) and (c) show the scatter plots of the
subjective/objective comparisons on test video sequences
given by PSNR, the SSIM model, and the proposed model,
respectively. The SSIM model here for video metrics is the
mean SSIM value of all frames which is defined in [3].

VL

In this paper, We developed a new objective video
quality assessment method using quaternion matrix. The
proposed method use the inter-frame-difference (IFD) and
structural similarity as the four parts of the quaternion, then
the quaternion calculated by singular value decomposition.
In addition, the new method is still simplicity. Experiments
on VQEG FR-TV Phase I test dataset show that quaternion
model has good correlation with perceived video quality.

CONCLUSIONS
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