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1 
Abstract — In this paper, the results of multifractal 

characterization of multiview 3D video are presented. 
Analyses are performed for different views of multiview 
video and for different frame types of video. Multifractal 
analysis is performed by the histogram method. Due to the 
advantages of the selected method for determining the 
spectrum, the inverse multifractal analysis of multiview 3D 
video was also possible. A discussion of the results obtained 
by the inverse multifractal analysis of multiview 3D video is 
presented, taking into account the frame type and whether 
the original frames belong to the left or right view of 
multiview 3D video. In the analysis, publicly available 
multiview 3D video traces were used. 

Keywords — 3D video, frame types, inverse multifractal 
analysis, multiview coding. 

I. INTRODUCTION 

HREE–DIMENSIONAL (3D) video is a video that creates 
an impression of depth for viewers [1]–[3]. This type 

of video usually contains several video sequences casing it 
to have an even larger quantity of data than the 
conventional single view video. Since a 3D video 
represents a large portion of data traffic in terrestrial and 
wireless networks, a thorough understanding of 3D video 
characteristics is required. Some previous research is 
devoted to encoding of 3D video [3], [4], while other 
studies concentrate on the transfer, storage and display of 
this type of video [5]. 

It was shown that, due to variability, compressed video 
sequences such as MPEG-4, H.263, and H.264, have 
fractal properties, [6], [7]. We have analyzed 3D video 
from a multifractal point of view and computed the 
multifractal spectra by the histogram method. From the 
multifractal spectra derived by the histogram method, it is 
possible to perform inverse multifractal analysis. We 
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performed inverse multifractal analysis of 3D video, while 
paying attention to different frame types in the video and 
different views of the video. Our analysis is focused on a 
multiview 3D video format, which is a standard of video 
coding developed by MPEG/VCEG that is included as an 
amendment to H.264/MPEG-4 AVC video compression 
standard [8]. Analyses were conducted using publicly 
available frame size video traces [9], [10]. 

The paper is organized as follows: Section II gives a 
review of multiview 3D video traces, while Section III is 
dedicated to the basics of multifractal and inverse 
multifractal analysis. Simulation results are presented in 
Section IV. Some concluding remarks are given in Section 
V. 

II. MULTIVIEW 3D VIDEO TRACES 

Multiview video contains several video sequences 
representing different views of the same scene [1]–[5]. 
Combining these video sequences, an observer has an 
impression of depth, so this video is referred to as a 3D 
video. The amount of information in a multiview 3D video 
is significantly higher than in a classic video that contains 
one video sequence, since every view in multiview 3D 
video content has one video sequence - a series of frames 
[1], [2], [5]. If each view is encoded using some of the 
classic codecs (such as H.264/AVC), the amount of 
information becomes larger as many times as there are 
views over the video with one view, but it is simple to 
decode a legacy 2D (two-dimensional) video format. Since 
the amount of information is very important for the video 
transmission and storage, it is necessary to reduce it as 
much as possible. Coding efficiency of multiview 3D 
videos can be enhanced using inter-view redundancy, 
which means that in addition to time reference images, this 
type of coding uses inter-view reference images, according 
to [8]. This approach to coding is added as an amendment 
to the H.264/AVC standard to support multiview coding 
[8]. Video content that contains opposite views of the 
scene is referred to as a stereoscopic video. For 3D video 
with two views, this means that when coding a view taken 
as a reference (usually the left), the second view is coded 
relative to the reference, resulting in a reduction in the 
amount of information. In this setup, the left view has I, P 
and B frames (intra-coded, predictive, bidirectional), while 
the right view contains only P and B frames [5]. 

In this paper, the analysis of multiview 3D video 
sequences by using video traces is performed, using traces 
publicly available at [10]. The procedure of obtaining the 
video traces, and details about them, can be found in [5], 
[9]. For the 3D video, movie “Alice in Wonderland” 
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directed by Tim Burton (2010) is selected. Analysis is 
performed on traces of multiview video that contains two 
views (left and right), where each view has 51184 frames. 
These video traces contain data about the frame number, 
frame time, its type, size and peak signal–to–noise ratio. In 
the analysis, we used data about the number, type, and size 
of the frame. Organization of GoP (Group of Pictures), for 
the analyzed video is G16B1, which means that the left 
view has the frame organization 
IBPBPBPBPBPBPBPBI…, while the structure of the 
pictures for the right view is PBPBPBPBPBPBPBPBP… 
In the analysis, we observed video content with 
quantization parameters (I, P, B) (28, 28, 28). The analysis 
is performed for the combined view, where the view is 
created using the frames of the left and right view. Video 
content is in full HD (High Definition) resolution, with 
1920x1080 pixels, and with the frame rate of 24 frames/s 
for each view. Coding of the signal is performed using 
JMVC 8.3.1 coder. 

III. MULTIFRACTAL AND INVERSE MULTIFRACTAL 

ANALYSIS 

Fractals are complex geometric objects with fine 
structure at an arbitrary small scale. These objects can 
have a property of self-similarity, which means that 
regardless of how complex the shape and/or dynamic 
behavior of the system is found at one scale, resembling 
objects could be found in other scales [11], [12]. 

Natural objects and phenomena can have self-similar 
properties exposing statistically. For example, some 
natural objects, like mountains, clouds, coastlines, blood 
vessel networks, expose self-similar properties in a manner 
that in different scales the shape of the object is not 
exactly the same, but similar. Objects that possess this 
property are labeled as multifractals. Modern 
communication traffic, some geographic and 
meteorological phenomena, fluid mechanics, biomedical 
signals, statistic data about population, expose the 
multifractal property. 

The properties of fractal signals and objects are [12]: 
fractal structures do not have length that describes them, 
property of self-similarity, and fractional (non-integer) 
dimension. The main analytical parameter for describing 
structures that have scaling symmetry is the fractal 
dimension. The term scalable symmetry implies self-
similarity of the observed objects in variable scale. The 
first introduction of measures to fill the area that allows 
the possibility of fractional dimension was given by the 
German mathematician Hausdorff. Besides the Hausdorff 
definition explained in [11], the fractal dimension can be 
calculated in other ways. Furthermore, for the structures 
that are obtained by applying strictly defined rules, the 
dimension self-similarity can be determined [11]. 
However, for fractal structures that are not acquired using 
strictly defined rules, fractal dimension cannot be defined 
as a dimension of self-similarity. In that case, other 
methods might be used, among which the best known is 
the box-counting method, or the method of overlays, being 
used to determine the dimension of overlay.  

For a complete characterization of multifractals, 

dimension as a single number is not enough, so some kind 
of distribution function is necessary. Thus, for the 
characterization of multifractals a value named coarse 
Hölder exponent, labeled by  , is introduced as 
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where   is the measure of the boxes that are used to 

cover the multifractal structure, and   is the dimension of 
the box. For a wide class of self-similar measures,   
takes a value within the interval  maxmin ,  , where 

 maxmin0 . Values of   are close to the 

corresponding fractal dimension of the observed 
structures. 

Within the observed structure many points can be 
characterized by the same value of . It is possible to 
observe the distribution of the exponent   as another 
parameter to characterize the multifractal structures. For 
each value of   we can count boxes sized   having the 
coarse Hölder exponent equal to  . If this number, 
denoted as  N , is determined, the Hausdorff 

dimension of the distribution of  is defined as 
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When 0  the function given by (2) approaches a 
limiting value  f  which is known as multifractal 

spectrum. Note that direct determination of (2) is not 
possible since the logarithm of zero is infinite. This value 
can be estimated from the slope of the log-log plot for 
several values of . The value of  f  could be 

interpreted as a fractal dimension of subsets of boxes of 
size   with the coarse Hölder exponent equal to  .  

There are several algorithms for the calculation of  f

. For instance, the method based on statistical moments, 
then on the basis of geometric parameters and probability 
theory [11]. According to the classification given in [11], 
there are three types of spectra of  f : the Hausdorff 

singularity spectrum,  hf , Large deviations spectrum, 

and the Legendre multifractal spectrum,  lf .  

For obtaining an estimate of  f  for our data, we used 

the histogram method [11], [13], [14]. This method for a 
given measure   involves the following steps:  

1) covering the measure with boxes of size   and 
determining the number of boxes  N , 

2) compute coarse Hölder exponent i , where i  is a 

measure of box i , 
3) making histogram for  , 
4) repeat step 3 for different values of  , 

5) plot 
 log logN  

 versus   for different 
values of  , 

6) estimate the  f  from the slope of plots in 5) for 

several values of . 
Based on the procedure for determining a multifractal 

spectrum by the histogram method, it is possible to carry 
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out the procedure of inverse multifractal analysis (IMF), as 
well. This procedure is suggested in [13] and derived in 
[14] as a computer routine HISTMF. The extension of 
HISTMF is applied to the detection of microcalcifications 
in digital mammograms [15] and embedded as the module 
for extracting small details in images in the computer 
package FracLab [16]. The inverse multifractal analysis 
means that from one derived MF spectrum it is possible to 
recognize and extract signal parts having particular values 

of the pair   , f  . This procedure is particularly 

interesting in regions where the MF spectrum takes a small 
value (globally rare cases), and in regions where the value 
of  f  is large (globally frequent cases). Another 

interesting point is to create and extract expressed local 
fractal behavior (large values of  ), that is an indication 
of smooth signal and small changes and weak local fractal 
behavior (small values of  ), that is an indication of 
burstier signal. 

IV. SIMULATION RESULTS 

Multifractal analysis is applied to multiview 3D video 
trace Alice in Wonderland for the frame size data (video 
traces). A detailed description of used video traces is given 
in Section II. The multifractal spectra of Hausdorff 
singularity were obtained by the histogram method [14] 
using the code particularly developed for this purpose. The 
results for the multifractal spectrum for intra-coded (I), 
predictive (P), and bidirectional (B) frames of the 
combined view of the multiview 3D video are presented in 
Fig. 1.  

Our previous analysis given in [17] contains results for 
multifractal and inverse multifractal tests for all frames of 
the left and right views of the multiview 3D video, 
regardless of their type. 

 
Fig. 1. Multifractal spectra by the histogram method 

for I, P, and B frames of the combined view 
for multiview 3D video. 

Analyzing Fig. 1, where the multifractal spectra of the 
selected multiview 3D signal for different frame types are 
depicted, depressions in the  hf  spectrum for   values 

close to 0.8, and close to 1.6 can be observed (highlighted 
bands in Fig. 1). The same bands of   are observed in our 
analysis given in [17]. In the case of these local 
singularities, the value for  f  is very small, which 

means that these are rare events. Inverse multifractal 
analysis was conducted for these bands of   and  f  

values and for different frame types.  
Fig. 2 (a) provides an overview of frame sizes of I 

frames of the selected video trace, while Fig. 2 (b) shows 
isolated those frame sizes of I frames that have   in the 
range 0.72 0.75  . For I frames there are no frame 
sizes with    in the range 1.61 1.66  , because, as 
can be seen in Fig. 1, multifractal spectrum for I frames 
has max  lower than the values in the examined range. 

Extracted frames that are shown in Fig. 2 (b) are rare 
events, when a major change occurs in the video content. 
Frames separated in Fig. 2 (b), are some of the largest 
frames in the video trace. 

Fig. 3 and Fig. 4 show the results of the inverse 
multifractal analysis for P and B frames, respectively. 
Analysis is performed for the small values of   (
0.72 0.75  ), and for the high values of   (
1.61 1.66  ). The results of inverse multifractal 
analysis for the lower range of   values show some of the 
largest P frames in the video trace in Fig. 3 (b) and some 
of the largest B frames in Fig. 4 (b). The results of inverse 
multifractal analysis for the higher range of   values 
show the opposite, the smallest P and B frames in Fig. 3 
(c) and in Fig. 4 (c), respectively. The difference in the 
number of frames shown in Fig. 3 and Fig. 4 is the result 
of  f  parameter values where a greater  f  leads to a 

larger number of frames. 
The results of the inverse multifractal analysis for 

different frame types of the combined view of multiview 
3D video are analyzed further. The combined view of the 
analyzed video consists of the left and right views, as 
explained in Section II. Frames of the left and right view 
appear alternately in the combined view. This feature is 
utilized to determine the origin of frames obtained in the 
inverse multifractal analysis of the combined view. Results 
of the inverse multifractal analysis reveal that the frames 
of the right view are smaller in size than the frames of the 
left view. This is a consequence of the manner of coding 
of multiview 3D video, where the frames of the left view 
are used as a reference for coding the frames of the right 
view. 

V. CONCLUSION 

In this paper, the results of the multifractal 
characterization of multiview 3D video content are 
presented. For the analysis, a multiview 3D video 
compression format is selected, as 3D video coding that is 
included as an amendment to H.264/MPEG-4 AVC video 
compression standard as a support for multiview coding. 
For the analysis of multiview 3D compression format, 
long frame-size traces are used, publicly available [10]. 

In the case of the multiview 3D video, where every 
view is a video sequence in full HD resolution, the amount 
of data is larger in comparison to other compression 
formats. Since video content presents a large portion of 
data traffic, its properties, characterization and modeling 
are very important. 
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Fig. 2. Illustration of the inverse multifractal analysis of multiview 3D video Alice in Wonderland: (a) Frame sizes (video 

traces) of I frames for the combined view of multiview 3D video. (b) Extracted I frames that have   in the range 
0.72 0.75  . 

 
Fig. 3. Illustration of the inverse multifractal analysis of multiview 3D video Alice in Wonderland: (a) Frame sizes (video 
traces) of P frames of the combined view of multiview 3D video. (b) Extracted P frames for both views that have   in 

the range 0.72 0.75  . (c) Extracted P frames for both views that have   in the range 1.61 1.66  . 
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Fig. 4. Illustration of the inverse multifractal analysis of multiview 3D video Alice in Wonderland: (a) Frame sizes (video 
traces) of B frames of the combined view of multiview 3D video. (b) Extracted B frames for both views that have   in 

the range 0.72 0.75  . (c) Extracted B frames for both views that have   in the range 1.61 1.66  . 

We have presented the results of detailed local and 
global fractal behavior of the multiview 3D video, for 
isolated I, P, and B frame types and for different views of 
the video. Also, the results of inverse multifractal analysis 
of the combined view are shown, successfully isolating 
some of the smallest and some of the highest I, P, and B 
frames in the video. 
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