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Abstract:   Virtual viewpoint image (VVI) synthesis 
technology plays an important role in interactive three-
dimensional audio-video (3DAV) system. Quality of VVI 
directly affects picture quality of service in 3DAV system. 
A new quality assessment method for VVI is proposed in 
this paper. The proposed method combines synthesis 
technology and fuzzy function to evaluate VVIs. 
Experimental results show the accordance to bio-
characteristics of human vision system (HVS) and the 
quality of VVIs. 
 

1.  Introduction 
Defining a suitable image quality assessment (IQA) method 
has been identified to be a common problem in the context 
of 3DAV[1], especially for the synthesized VVI, where there 
is no original signal for assessment methods. In many cases, 
only subjective criterias can be used for assessment purpose. 
In this evaluation phase, psychological scaling paradigms 
are constructed without objective metrics[2,3]. It is also 
difficult to use traditional error sensitivity based IQA 
methods to 3DAV system due to disparity information 
among viewpoints. A fuzzy IQA method is proposed, VVI 
is synthesized by its neighbor views and then assessed by 
these references, and shown by Fig.1.  

 
Fig.1 The proposed VVI quality assessment method. 

 
2.  Fuzzy Metric for VVI Quality 

2. 1 Edge/texture extraction 
It has been verified by many subjective tests on IQA that 
the evaluators tend to give low scores to an image whose 
edges/textures are noticeably blurred[4]. Therefore, it is 
important to extract edge/texture information in image. Let 
Sh, Sv, Sd and Sa denote horizontal, vertical, diagonal and 
anti-diagonal Sobel operator, respectively. Max-Sobel 
operator is defined here to preserve important direction 

information. An image with the size of M×N can be 
described by a fuzzy set. Let X={(i,j)|0≤i≤M, 0≤j≤N} be the 
image space, Max-Sobel is defined by 

( , ) max{ ( , ), ( , ), ( , ), ( , )}m h v d aS i j S i j S i j S i j S i j= . (1)
 Some details in texture image have low energy that can 
not be observed clearly after being processed by Max-Sobel. 
Hence, a mask image based on Sm(X) is needed. Let µ and σ 
denotes the mean and deviation of Sm(X), respectively.  µ 
can reflect the average energy of Sm(X), while σ denotes 
energy fluctuate. Both of them can be used to express the 
statistical characteristics of Sm(X). Then, the threshold α  
for Sm(X) is determined byα µ σ= + . For α  with ultra high 
value, the image must be a noisy image. On the other hand, 
the image is a planar one if α  with low value and close to 0.  
 
2.2 Dominant blocks for Comparison 
VVI can be synthesized by its 2t (t>1) neighbor views, thus 
the blocks in VVI will contain disparity information with 
these views. Blocks in image are classified into visible or 
occlusive, determined by disparity estimation algorithm. 
 The source video sequences are captured by multi-
cameras for 3DAV system. Illumination and chroma 
variation among different viewpoints will make disparity 
estimation far from precision. Sm(X) is a binary image 
without these variations, and it is appropriated for disparity 
estimation. A structural MSE (SMSE) is defined for block 
based disparity estimation based on Sm(X). 
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where Sm-r and Sm-l are mask images for the right and left 
references, respectively. The disparity d is determined by 
minimum SMSE for blocks in image. Visible block is then 
determined by 

l r r ld d→ →= . 
 
2.3 Fuzzy metric for VVI quality 
Let ( )XP  be a norm function on image X(i,j). Fuzzy metric 
for multi-reference based VVI quality assessment is a fuzzy 
binary relation on ( )XP , i.e. a reflexive, symmetric 
mapping with the form of ( ) ( ) ( ) ......X X X= ⊗ ⊗ ⊗F P P  

( ) [0,1]X →P . Based on dominant blocks obtained above, 
the fuzzy metric for assess the quality of VVI is defined by 
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where t is the number of neighbor references on each side, 
Mat be the set of matched blocks. Li, Ri and V are the ith 



left, right reference and VVI. f(Li,V,Ri) is a factor 
corresponding to the ith left or right references defined by 
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Eq.(4b) is for noisy test images, while Eq.(4a) for ordinary 
images. It is noted that the coefficient 2i/(t(t+1)) in Eq.(4a) 
and (4b) satisfies  

1

2 1
( 1)

t

i

i
t t=

=
+∑ . (5)

Thus, the coefficient is set to describe the fact that reference 
which far away from VVI will have less effectiveness than 
the near one. The parameter Mat in Eq.(3) is calculated by 
SMSE comparison between VVI and references 
if (SMSEVIV→left=SMSEVIV→right) Mat=Mat+1 

 
3.  Experimental Results 

“Barn 2” and “Sawtooth” image sequences provided by the 
test bed[5] are selected for experiments. The algorithm in [6] 
is applied for creating VVIs. For the sake of convenient, the 
original reference for VVI is preserved for PSNR. All 
experiments are performed with block size from 4×4 to 
64×64 in the block matching. Small and large blocks are 
both approximate in evaluation. Therefore, the results based 
on 16×16 are listed. 
 Experiments are divided into “Adaptation Test” and 
“Real Test”. Adaptation Test is performed to testify the 
effectiveness of the proposed metric. For Adaptation Test, 
the test images are obtained by the original image in the 
middle of left and right references. There are 33 JPEG 
compressed test images with different quantization 
parameters and 21 images with different degree of 
salt&pepper noise for Barn2 and Sawtooth (i.e. 108 images). 
Experimental results of Adaptation Test are shown in Fig. 2. 
As noted from these charts, scores change sharply at normal 
image quality, but laggardly at high and poor quality level. 
It is a bio-characteristic of HVS, which is much less 
sensitive in the case the image has overly high or poor 
quality, but maintains normal to well balanced quality. 

Hence, the resultant score can simulate HVS to predict the 
perceptual quality of image. 
 Real Test on VVIs is performed next. Results are listed 
in Talbe1. Clearly, the images with low distortions will 
have high objective score, and results of the proposed 
metric can well reflect this situation. 

Table 1. Assessment scores for VVIs. 
Name Number of references PSNR Score 
Barn 2 2 39.55 0.9470 

Sawtooth 2 36.25 0.9082 
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(a)Test results for JPEG compression (b)Test results for Salt&Pepper noise (c)Compound results 
Fig. 2  Resultant scores derived by test image set based on the proposed method. The outcome scores show the accordance 
with bio-characteristics of HVS. 


