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Abstract— In this paper, we propose two algorithms to assess 
quality in video sequences when no reference is available. The 
algorithms are the result of measuring artifacts such as blurring 
or tiling to the decoded image; firstly tested in MPEG-2 
compression standard, and subsequently, analyzing the passage 
from this standard to its evolution H.264, taking into account its 
advanced techniques to mask the degradation, for example, the 
deblocking filtering or the variation in macroblocks size. The 
result of each metric affects in a different way depending on the 
spatial and temporal complexity of the video sequence. Several 
tests have been developed in a collection of representative 
sequences to demonstrate the efficiency of the algorithms. 

Keywords— Video Quality Assesment, No-Reference, H.264, 
Tiling, Blurring. 

I.  INTRODUCTION 
The volume of multimedia content transmission is increasing 
nowadays. Every year, the traffic of video through the network 
is much bigger [1], especially because of the adoption of 
devices such as smartphones or tablets. For that reason, the 
end users demand a specific quality, and that is why the 
service providers need to fulfill their expectations. To ensure 
quality, video assessment is developed in order to provide 
tools to manage the quality issue in new media services, 
available for the different resolutions and environments, 
surrounding the observer.  
The most effective method is developing subjective studies, by 
asking the observers to score video sequences with different 
qualities. The problem with these studies is that they require 
much time and are expensive. To replace them, objective 
metrics are used, but as the multiplicity of encoding standards 
and variety of formats and sequences are higher, the strength 
of the algorithm must be improved, to assure their validity in 
different environments. Objective metrics are software tools 
that provide quantitative results of image quality or image 
distortion while achieving a reduction of cost. Nevertheless, 
the results of these studies are only suitable when they are 
well-correlated to the subjective studies. 
Tests have been performed in standards such as MPEG-2 and 
H.263, and efforts to allow the extension to other standards 
and its consequent usage, such as H.264/AVC. The basis of 
these three standards is the same, but the differences among 
them are enough to make necessary the individual analysis of 
each standard. 

This paper explains the studies developed in NR objective 
assessment. The work started with low resolution video related 
to mobile video environment for tablets and smartphones, and 
resolutions were increased up to high-definition video. 
Extensive work has been developed in this area, but the 
models we present offers a sensitive improvement in detection 
of the most frequent video distortion and artifacts, which is 
confirmed by the high correlation in comparison with 
subjective assessment. 
Thus, a collection of video sequences with different types of 
artifacts has been compiled. This set provides the most 
effective method for testing and evaluating the developed 
artifact metrics. These sequences have been generated by 
simulating transmission effects on the original video, or by 
compressing image at different bitrates or settings. 
This set has allowed the validation of a collection of particular 
metrics that had been selected for each of the main artifacts.  
The framework in which this research started with sequences 
whose definition was QCIF (176x144 pixels), i.e. low 
resolution interlaced video, encoded in H.263 standard, at 
average bitrates of 128Kbps, as required from a mobile 
company. The study has been extended to more efficient 
compression standards and higher resolutions, to admit it as a 
complete research work in this field to extrapolate the results 
obtained to other environments. 
Subjective assessment with observers was also conducted, in 
order to obtain subjective results that could be compared to the 
ones obtained by our mathematical algorithms in the objective 
assessment process. 

II. RELATED WORK 
Image quality assessment is a difficult process which plays a 
major role in various processing applications [2]. A lot of 
work has been developed in this field, defining metrics and 
algorithms to predict the quality of a video sequence.  
The usual metrics developed for video assessment, such as 
PSNR and MSE requires a video reference, as a way of 
comparison to detect the degradations on the image, which is 
called Full-Reference (FR) assessment. An overview of the 
extensive and most interesting work in objective quality 
assessment is collected in [3], [4] and [5]. 
The problem of these algorithms is the lack of availability of a 
reference in all the environments, especially related to internet 
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and streaming transmissions. That is the importance of No-
Reference (NR) assessment and the interest in this working 
field. No-Reference metrics are usually based on the 
measurement of artifacts in sequences containing only the 
desired artifact signal or a combination of artifact signals, as in 
[6], with description of techniques to detect blurring, 
blockiness and ringing.  
Other works are specialized in the measurement of one or 
more artifacts with NR metrics. There are different studies 
developed in detecting blocking artifact with different 
techniques, such as [8], [9] and [10]. 
Also there are works in which the primary objective is 
detecting blurring artifact [11] or a combination of artifacts 
[10] to obtain a global algorithm developed through individual 
metrics. 
Specific works are developed in the field of video encoding 
standard H.264/AVC, which is one of the main aspects in 
research in this paper, proposing new techniques of working 
with this kind of compression [12]. 

III. TEST DATASET 
Aligned with the objectives, one of the first steps is the 
selection of contents used to test the metrics, which must be 
suitable to represent all the range of contents which normally 
are broadcasted on a conventional television channel and 
streaming supplier, including images of documentaries, news 
or talking head, cartoons or music content. An example of 
each individual sequence used is shown below in Fig. 1.  

    
Fig. 1. Example of the main sequences used in the tests: 

“Soccer”, “Akiyo”, “Nasa” and “City” 

Example of sequences “Dixon” and “Stewie” are not included, 
because the content was provided by a broadcaster under a 
non-disclosure agreement. 

 
Fig. 2. Distribution of sequences depending on their 

complexity 
Most of the sequences are available in database [13]. The 
dataset covers a variety of sequences with different degree of 
complexity, both temporal and spatial, as seen on Fig. 2, 
selected among a large collection of reference video 
sequences.  

The human eye tends to detect the artifacts in a different way, 
depending of the motion of the frames, and the level of detail 
contain on a single frame, that is why the basis of the 
algorithm is fully related to the spatial and temporal 
complexity. The calculation of spatial complexity is based on 
measurement of variance for macroblocks. Moreover, the 
calculation of the temporal complexity is based on 
measurement of the temporal variation of the image, in formal 
difference between frames, and longitude of the motion 
vectors. 
Sequences from SVT [14] have also been used for testing 
higher resolutions: “Crowd”, “Ducks”, “OldTown” and 
“ParkJoy”. 

IV. DESCRIPTION OF THE ALGORITHMS 

A. Tiling (or Blocking) 
The artifact of tiling (also named blocking), a block boundary 
effect, is usually present in conventional block-by-block 
transform coding techniques when a severe reduction in bitrate 
is applied, such as used in MPEG-2 or H.264. When 
compression is high, the tiling effect increases, making it more 
noticeable to the human eye. 
As a conclusion of subjective tests developed previously, the 
blocking effect is more visible in some specific areas of the 
image, rather than the edges of the 8x8 blocks used in DCT-
based H.263 and MPEG-2 coding, so the measurement is 
concrete pixels in the contour of each individual macroblock.  
Three conditions must be fulfilled to consider a pixel as 
belonging to the tiling region of the image. First, the gradient 
of the image must be estimated in every pixel by means of the 
Sobel operator [15] in its horizontal and vertical directions. It 
is necessary to know both module and angle to obtain the best 
result. The angle of the gradient of the pixel must have an 
orthogonal direction, and correspond with a clear border at the 
block edge. Second, the module of the angle must be higher 
than an empirically fixed threshold value to be visible by the 
human eye in order to decide if that pixel belongs to the tiling 
region or not. 
Lastly, the grating mask is of vital importance in order to 
distinguish the real pixels in which the tiling highly affects the 
video quality, discarding the pixels not belonging to the 
meaningful tiling regions. For this purpose, properties of a 
variety of transforms, such as Hadamard or DCT, are used 
after compression of the video data to be transmitted through a 
communication channel. Therefore, the pixel must be on the 
grid of 8x8 pixels among macroblocks. Depending on the 
coding standard, gratings are different. Some encoding 
processes can use different sizes for the macroblocks (for 
example H.264). 
Summarizing the previous three conditions: 
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a) Image with a high tiling 

 

 
b) Resulting tiling region in 
white 

Fig. 3. Process of tiling detection on a H.263 sequence 
The main difference between MPEG-2 and H.264 lies in the 
variability of macroblock size and the use of deblocking filter, 
both techniques involving the reduction of the blocking effect, 
but do not remove it completely.  
As in MPEG-2 the macroblocks have fixed size of 8x8 pixels, 
in the case of the H.264, the size of the macroblock is 
dependant of the homogeneity of the area in which is located. 
On the other side, the deblocking filter improves the global 
quality at the expense of increasing the blur on an image. 
A study has been developed in order to compare the blocking 
effect in different environments, and consequently define the 
principles to detect this kind of artifact in video sequences. 
The modulus of the gradient applying Sobel masks has been 
obtained for different sequences. In the original sequence, it is 
possible to see that although the area seem homogeneous in 
the clouding area of the sequence “Crowd”, but the pixels are 
variable, so the resulting image reflects the real heterogeneity 
of the values, as seen on Fig. 4. 

  
Fig. 4. Detail of image "Crowd" (left) with its gradient 
representation (right) 

When encoding with standards MPEG-2 (Fig. 5) or even 
H.263, the grid is visible in little squares which reveal the 
presence of blocking artifact.  

  
Fig. 5. Image "Crowd" (left) with its gradient representation 
(right), with MPEG-2 encoding. 

In H.264, the deblocking filter [16] decreases the effect of 
tiling in small heterogeneous areas (Fig. 6), but in big areas, 
such as the clouds area, the artifact is still present and visible 
for the human eye [17]. As a conclusion, to detect the effect of 

this artifact and quantify its value, it is necessary to 
concentrate in the big homogeneous areas, and analyze the 
macroblocks of biggest sizes, especially the ones of 16x16, 
which must be considered. 

  
Fig. 6. H.264 encoded image with deblocking filter (left) and 

without deblocking filter (right) in big homogeneous areas 

The detection of blocking in MPEG-2 is based on searching 
structures of this size (8x8) in homogeneous areas, while in H-
264, the detection should be also extended to macroblocks of 
bigger sizes, such as 16x16, 16x8 or 8x16, independently of 
the use of the deblocking filter. 

B. Blurring 
The blurring artifact also appears when reducing the video 
encoding bitrate, presenting a defocus sensation on the image. 
Blurring is associated to blocking effect, because this artifact 
implies a loss of energy in edges of the image. The effect has a 
higher impact in highly detailed areas and high frequency 
components and, as a consequence, in edges. These are 
obtained by applying a Sobel filter to estimate the gradient 
[15]. By analyzing the energy loss of the image, a blurring 
estimation is provided, as seen in Fig. 7. 

 
Fig. 7. Gradient in sharp (left) and blurred (right) images 

Transforms, such as DCT or Hadamard [18] generate a matrix 
of transformed coefficients with the same size of the original 
macroblock. The coefficients represent the distribution of 
energy in frequency, the first corresponding to the DC 
component, the following coefficients to the lower 
frequencies, and progressively the higher frequencies 
information, with the details of edges and textures. For our 
purpose, an exhaustive analysis of macroblock size variation 
was carried out (8x8, 4x4, 2x2) transforms have been applied 
to get an estimation of energy distribution within the frame. 

 
Fig. 8. Energy distribution for the original/degraded image 
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The Hadamard transform is selected to obtain an estimation of 
the distribution of energies in the image. It allows 
distinguishing three operational divisions: DC and low 
frequencies energy, medium and high frequencies energy. 
The total accumulation of energy is obtained from the next 
equation, being “n” the dimension for the squared matrix used 
in the transform. This transform could be Hadamard or DCT, 
but Hadamard offers results faster than DCT, so it was chosen 
for the evaluation process. 
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The equation varies depending on the size of the matrix. As 
seen, there are three possible options for the Hadamard 
transform Matrix, and the computation of energies. 
The formula that calculates the blurring (2) is the relation 
between the energy produced by high frequencies on the 
sequence and the energy by the DC component, when E(HF) 
is the energy related to high-frequency coefficients, and 
E(DC) the energy related to the continue coefficients. 

DC

HF

E
EBlur =

 
(2) 

The tests were developed in H.263 and MPEG-2 but are also 
available for H.264 encoding. As seen in Fig. 9 percentage of 
high-frequency energy decrease when encoding in H.264. 
Also the effect of filters, such as deblocking filter, reduces the 
energy in edges, while producing some blurring effect. 
The sequence “Crowd” was used to demonstrate it. This 
sequence possesses a high amount of edges which are decisive 
to the evaluation the level of blurring in the image. 

 
Fig. 9. Energy decrease in H.264/AVC encoding applied to a 

single frame in sequence “Crowd” 

CONCLUSIONS 
Metrics for measuring quality and assessing the level of 
artifacts such as blurring or tiling have been developed, in 
environments in which the reference was not available. The 
work started analyzing the Full-Reference algorithm and use 
the knowledge derived from it to obtain efficient No-
Reference metrics. 
The metrics tested in compression standards such as MPEG-2 
or H.263 were extended to be used in H.264, with adequate 
results. 
The results of the test varying the bitrates from high bitrates to 
low bitrates in MPEG-2 and H.263, and mean a high 
improvement in detecting these artifacts with H.264/AVC 
encoding. The concrete settings of each compression 
algorithm, as well as the advances in techniques used to 

reduce the volume of data, difficult the generalization of 
methods to detecting artifacts. Therefore, every step is 
important when considering the passage from full-reference to 
no-reference assessment, or from MPEG-2 to H.264/AVC. 
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