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In this report we give an overview of our first evaluations of the upcoming H.26L.
video encoding standard of the ITU-T. Since this standard is still in the develop-
ment phase, all of the results presented here are to be seen as preliminary, as is the
introduction to the standard itself. The video encodings analyzed in this report have
been generated with a preliminary version of the H.26L encoder. The key charac-
teristics of the final H.26L. encoder are expected to be very close to the preliminary
coder used in our experiments. The traffic characterisations given in this report give
therefore a very close approximation of the video traffic and quality produced by the
final encoder. In this report we first outline the current state of the standard, our
measurement setup, and give an introduction to the analyzed statistical measures.
We then present and interpret the statistical characteristics of the H.26L encoded
video. We conclude by stating the current problems and outline future work.
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0133252 and Grant No. ANI-0136774. Any opinions, findings, and conclusions or recommendations expressed
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1 Introduction

H.26L is currently in the development status and is due to become standard according to the
ITU-T and ISO/MPEG groups in late 2002. It will then become part of the H.2xx, H.3xx and
MPEG standard families. H.26L is expected to replace its predecessors H.261 and H.263, which
were widely used in integrated circuits for telephone and video equipment for ISDN services over
telephone networks. H.26L has been designed with packet-switched networks in mind and has in
its current implementation a complete network adaptation layer. Due to the joint development
of the ITU and ISO bodies, it is also known as H.264, to furthermore express these joint efforts.
The development goal — to reach DVD quality video with data rates of about 1 MBit/s — is
also referred to as “Advanced Video Coding” (AVC). Standardization bodies in Europe, such
as the DVB-Consortium, as well as its American counterpart, the Advanced Television Systems
Committee (ATSC), are considering to employ H.26L in their respective standards. H.26L is also
widely viewed as a promising standard for wireless video streaming and is expected to largely
replace MPEG—4 and H.263+.

Given the expected popularity and widespread use of the new H.26L video encoding stan-
dard, the bandwidth demands of H.26L encoded video need to be taken into consideration when
designing future wired and wireless (e.g., wireless LAN and 3G) networks. It is therefore very
important to understand the characteristics of the traffic produced by this new standard. In this
report we examine the traffic (bit rate) characteristics of video encoded with the H.26L encoder.

We have generated traces which contain the sizes (in byte) of the encoded video frames. Our
video traces serve as the basis for our statistical analysis of the H.26L video traffic. The traces
may also be used by other researchers as a basis for the development of models of the H.26L
video traffic. The traces may also be used to evaluate networking protocols and mechanisms
with trace—driven simulations of the H.26L video traffic.

This report has four main parts. We first give a brief introduction to the latest proposal for
the H.26L standard. We then describe the general setup of our video trace generation and give
a brief statistical evaluation of the traces, followed by a description of the currently existing
problems. We finish with an outlook of our future work.

2 Video Basics

The digitized video is generated by sampling the analog video signal as it is received by the
A/D converter hardware. The rate of pictures per second (or frames per second, fps) that is
generated is different for the two major standards, PAL (Phase Alternation by Line) has 25 fps
and NTSC (National Television Standards Committee) has 30 fps. The main picture formats
currently used for video compression studies are CIF and QCIF. The CIF picture size is 352
columns by 288 lines, the QCIF format is 176x144 (i.e., half the size of CIF in each dimension).
The video signal is sampled according to the picture size and with respect to the sensivity char-
acteristics of the human eye. In contrast to the RGB format — which generates any color by
combining red, green and blue components — the YUV format combines the luminance compo-
nent and the two chrominance components hue and intensity (saturation). Since the eye is far
more sensitive to the luminance level than to coloring information, the YUV formats subsample
the chrominance information. (Although YUYV is often referred to as lossless (or raw) picture
information, when sampling into YUV, some chrominance information is lost.) The two most
common YUV sampling formats are 4:1:1 as illustrated in Figure 1 and 4:2:0 as illustrated in
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Figure 2. Both formats store one set of hue and intensity samples for four luminance samples
(pixels), i.e., 176x144 luminance samples and 88x72 samples for each hue and intensity in case of
a QCIF format frame. The 4:1:1 subsampling format stores one set of hue and intensity samples
for four luminance samples grouped in a row, whereas the 4:2:0 subsampling format stores one
set of hue and intensity samples for four luminance samples grouped in a rectangle. The 4:2:0
format is most commonly used since is has proven to give the best trade—off between sampling
efficiency and accuracy.

Each sample is typically stored in an 8-bit value. Thus, the size of one YUV frame with 4:2:0

'Y 7777777 YY 7777777 Y@@_> Y(G{/)Y —

Figure 1: YUV 4:1:1 subsampling
Figure 2: YUV 4:2:0 subsampling

(or 4:1:1) chrominance subsampling in the QCIF format is

2 - 8 bit

176 - 144 - <8 bit + > — 304128 bit = 38016 byte. (1)

Similarly, the size of of one YUV frame in the CIF format is
2 -8 bit

352 - 288 - (8 bit 4 ) = 1216512 bit = 152064 byte. (2)

The corresponding bit rates, with the NTSC frame rate of 30 frames per second are
Ty.gcrr = 30 Hz - 304128 bit = 9123840 bps ~ 9.12 Mbps (3)

for QCIF and
Tx,CIF ~ 35.5 Mbps (4)

for CIF if no encoding is applied. As is obvious by these rates, compression schemes have to be
employed in order to achieve data rates suitable for transmission over wireless networks.

3 The H.26L Standard

We used a development version of the future H.26L. standard implementation software, the JM
rev. 2 (dated April 11th, 2002) in our experiments. Since the standard is not yet final and
discussions concerning the header and other parts of the encoded video bitstream are currently
ongoing, we will focus on the main coding algorithm. We leave out the other details (such as
header formats) for further examination when the standard has been adopted. The upcoming
H.26L standard differs from its predecessors (the ITU-T H.26x video standard family and the
MPEG standards MPEG-2 and MPEG—4) in providing a high compression video coding layer
(VCL) for storage optimization as well as a network adaption layer (NAL) for the packetization of
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Figure 3: Block diagram of an H.26L coder.

the encoded bitstream according to transmission requirements [14]. An overview of these layers
is given in Figure 3. The network adaption layer will be left out in the following discussion, since
its functionality will vary according to the underlying network type (e.g. 802.3, 802.11x, UMTS,
and others) and will not be a subject of our evaluations. The encoded bitstream will therefore
not be sliced (partitioned) further but remain a single sequence. (Slices represent independent
coding units that can be decoded without referencing other slices of the same frame. They
consist typically of several consecutive macroblocks. Slicing can be utilized to achieve a higher
error-robustness. )

The standard is based on a block—oriented and motion—compensating hybrid transformation
process. Similar to other video coding standards [14, 15, 6], the standard will only specify the
decoding process to allow for maximum customization possibilities in the encoding routines. The
encoding is done on a macroblock level. Each CIF format picture is subdivided into 18 (lines)
x 22 (rows) macroblocks, for a total of 396 macroblocks. As illustrated in Figure 4, each QCIF
format picture is subdivided into 9 x 11 macroblocks for a total of 99 macroblocks.

>

11

Figure 4: Sample QCIF image layout.

As noted above, compression is needed in order to enable efficient video transmission over
data networks. Several types of redundancy can be exploited to achieve compression. The most
commonly exploited redundancy is the temporal interdependence of consequtive video frames,
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which typically leads to the highest achievable compression gains. (Additional compression
schemes are also in development, but not commonly applied up to now, such as the exploitation
of object recognition techniques.) There are three methods for encoding the original pictures: I
(Intra), P (Inter), and B (Bi-directional). These encoding methods are applied on the macroblock
level. An intra—coded frame consists exclusively of intra-coded macroblocks. Thus, an intra—
coded frame contains the compressed image information (without any prediction information),
resulting in a large frame size (compared to the size of the inter— or bidirectional-coded frames).
Intra—coding uses well-known compression schemes such as JPEG or wavelet—based approaches
to compress the image information.

The inter—coded frames use a motion estimation relying on the previous inter— or intra—coded
frame, whereas the bi—directional encoded frames rely on a previous as well as a following intra—
oder inter—coded frame. This prediction information results in smaller frame sizes for the P—
frames and even smaller frame sizes for the B—frames. The relationship between the encoding
types and how frames rely on each other in a typical frame sequence [5] is illustrated in Figure 5.
(Note that when B frames do not have any following I- or P—frames they can be referenced to,
no encoding or decoding is possible, as illustrated in Figure 5.) The sequence of frames between

Figure 5: Typical frame sequence and dependencies for one GoP

the intra—coded frames is referred to as Group of Pictures (GoP). (Note that it is not necessary
to have more than one I-frame at the beginning of the video sequence, in which case the entire
frame sequence is a single GoP.)

To handle abrupt changes in the bitstream and the loss of parts of pictures or structures,
the H.26L standard provides the possibility of refreshing the pictures on a macroblock level.
Additionally, refresh frames (intra picture refresh) are used to stop the prediction process of
frames that are referencing lost or errorneous frames. Furthermore, the standard will provide
the possibility to switch between several different bitrate streams to avoid high computational
effort (and thus high power consumption)for the encoding and decoding. In order to provide
quantized values, an inverse discrete cosine transformation (IDCT) is utilized. The IDCT in
H.26L is performed in the same manner as in H.263 [17]. The representation of the image in a
finite numberspace done by the quantization based on the IDCT coefficients is the main reason for
losses and compression. The quantization parameter defines the fidelity of the picture encoding,
since the smaller the quantization parameter, the more values are available to express the value
of each coefficient resulting from the transformation.

The H.26L standard takes the characteristics of wireless environments where the available
bitrate may change often and over larger ranges into account. The value of the quantization
parameter can be changed on a frame—-by—frame basis as well as on a macroblock—by—macroblock

Copyright at acticom. All Rights acticom-02-002 Page 7
reserved.



: "ARIZONA STATE
G Ct | CO m mobile networks ﬂl UNIVERSITY

basis. This — in addition to the stream switching functionality — allows for a fast response of the
real-time encoding process to changing bandwidths. The stream switching functionality allows
for non-realtime encoding and real-time, bandwidth—based selection of streams encoded with
different quantization and/or GoP settings. In this paper we will not perform any evaluations of
these advanced features. Instead, we focus on the non-real-time behavior of the standard and
assume that the encoder has no information about the underlying channel charactersistics.

After quantizing the IDCT coefficients, the temporal redundancy of the picture information
is removed by applying motion estimation. This is especially useful for high frame rates, where
successive frames are highly correlated. The motion estimation is performed for multiple reference
frames (see H.263++ standard, Annex U — long term memory prediction) and works beyond the
picture boundaries as illustrated in Figure 6.

| or P frame B frame | or P frame Complete Movement

Backward motion Forward motion
estimation prediction

Figure 6: Illustration of motion estimation

Motion Compensation is utilizing so—called motion vectors to exploit the temporal redundancy
more efficiently in order to gain higher compression. A motion vector uses reference frames (or
fields of frames) in the past and/or future. This two—dimensional vector provides an offset from
the coordinate in the current picture to the coordinates in the referenced frame. For illustration,
the fourth frame in Figure 6 represents an already identified moving object with its full path. The
first to third frames are illustrating the motion vector generation. For a backward prediction, an
earlier reference is used to derive the coordinate change, whereas for forward prediction, a later
reference is utilized. For the different encoding types, different prediction modes are implemented.
The enhancement of normal motion vectors is the revocation of picture boundaries as limits for
the validity of a vector’s target, also known as unrestricted or extended motion vector mode.
Frame three in Figure 6 gives such an example. Since there is no content and thus data available
for the outside of a picture, the pixels at the border are simply replicated to fill the nonexistent
values needed as references. Figure 7 illustrates this scheme.

Each macroblock can be subdivided into smaller fragments in order to provide a finer granu-
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Current frame ' Next reference frame

Figure 7: Illustration of unrestricted motion estimation.

larity and higher quality. The different subdivision formats are illustrated in Figure 8.

Mode 1 Mode 2 Mode 3 Mode 4

Mode 5 Mode 6 Mode 7

Figure 8: Different macroblock subdivision modes.

After the discrete cosine transformation and motion estimation are completed, some redun-
dancy is typically still left in the video data. This remaining redundancy can be exploited by
entropy—coding techniques such as the universal variable length coding (UVLC) or the context—
adaptive binary arithmetic coder (CABAC) [17]. The latter approach uses probability distri-
butions to further reduce the space needed to store the encoded frame. Shorter symbols are
assigned to bit patterns with a high probability of occurence and longer symbols to bit patterns
with a smaller probability of occurence. This mapping process achieves lossless compression.
The UVLC uses an infinite set of code words and is applied only on the mapping of the symbols
and thus reduces the necessity of redefining codewords [1]. The coding is based on a single, static
table of codewords which results in a simple mapping process. As an alternative to the UVLC,
the CABAC-technique can be used. This algorithm encodes the sequence of symbols into an
interval of real numbers between 0 and 1 and is able to do this with respect to the symbol’s prob-
ability at the source. It is therefore exploiting additional correlation of symbols at the encoding
side for further reduction of data to be stored for each frame.
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4 Measurement Setup

We used the reference JM2-encoder version 3.6 which is publicly available (for more recent
releases refer to [13]). This reference encoder conforms to the current standard development
and includes the currently proposed features. Nevertheless, as changes are ongoing, the software
may lack the most recently adopted features. Since the purpose of our study is to generate and
statistically evaluate the frame sizes of the encoded videostreams, we disabled some of the more
advanced encoder features.

The disabled features included the slice mode that is providing error resilience features by
coding fixed macroblocks or fixed bytes per slice. A slice is an individual entity no relying
on other data inside a frame. We also used only the CABAC—technique to remove intersymbol
correlation. The network adaption layer was also not used, as were restriction to the search range.
We were therefore only using the basic features such as inter—, intra—, and bidirectional prediction
and motion estimation. Additionally, we used a fixed GoP and motion—vector resolution setting
for the prediction modes. The result is a setup being very close to the most basic encoding
settings used in previous video trace file generation processes such as [5].

Overall, we believe that the differences between the encoder version used in our experiments
and the final encoder version are negligible as far as the video traffic characterization is concerned
for these basic settings.

We did not specify a target bit rate, since rate—adaptive encoding is not available at present.
Instead, we used static quality levels (quantization parameters) which we set for all three frame
types to 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, and 51. For ease of comparison with the al-
ready existing video trace files (H.261, H.263, and MPEG—4, see [5]) we used the GoP structure
IBBPBBPBBPBB. Note that the encoder has to encode the referenced frames first, thus the
resulting frame sequence is IPBBPBBPBBIBBP....

We initially used the freely available and widely used YUV testing sequences [10] in our
experiments. These sequences are in the NTSC format and have a frame rate of 30 frames per
second.

For each of the studied quality levels we encoded the YUV-files into the H.26L bitstream
off-line (thus there was no frame drop during the encoding).

The encoder status output was parsed to generate the traces.

For each quantization level and test sequence we generated a terse and a verbose trace file, as
illustrated in Figure 9. The traces were then used for the statistical analysis of the video traffic.
(We found that working with the encoded file itself is yet not very advisable, see discussion on
problems encountered) The verbose trace gives for each frame the type (I, P, or B), the playout
time (= frame number/30) in msec, and the frame size in byte. The terse trace gives only the
sequence of frame sizes in byte as generated by the encoder IPBBPBBPBBIBBP.....

We used bytes instead of bits, since every frame start code has to be byte—aligned in the H.26L
bitstream. Note that in the encodings the last GoP is incomplete, since the last two B—frames
are referencing a frame that is not available. The traces and the statistics are publicly available
on our website [!] for viewing and downloading.

5 Statistical Results of Video Trace Files

The following results are only intended to give a first impression of the capabilities of the future
H.26L standard. The longest testing sequence we were able to utilize has 1000 pictures. T he
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- configuration file
(quantization)

encoded bitstream

4

trace file

l

evaluation

Figure 9: Setup of the evaluation process

following detailed discussion focuses on this video, called Paris, since the statistical evaluation
of the shorter sequences is far more prone to residual errors and inconsistencies. A screenshot
giving an impression of the content (discussion with some movements of bodies and ball) of the
Paris seqeunce is given in Figure 10 We provide the results for the other video traces with a
quantization parameter setting of 25 in abbreviated form in the corresponding appendeces. An
overview of the evaluated sequences is given in Table 1. For the statistical evaluation of the
traces we introduce the following notation.

Tables 2 and 3

Let N denote the number of considered frames, in case of Paris this would be N = 1000. The

individual frame sizes are denoted by Xi,..., X. The mean frame size is estimated as
1 X
X = —) X, 5
v ; i (5)

(6)

The variance is estimated as

92— # N(X. 7)2 (7)
X7 N-1 ; L
1 N 1 (Y ?
- lzle—N.(izlxl) 0
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Figure 10: Screenshot of Paris in CIF format

The Coefficient of Variation is given by

95)

CoV = . (9)

5.1 Frame—based Statistical Overview

Table 2 provides an overview of the basic statistics of the Paris traces for the different quanti-
zation parameter settings.

5.2 GoP-based Statistical Overview

We also evaluated the traces at an aggregation level of 12 frames, i.e., at the GoP level, see
Table 3. This fixed—length moving average analysis gives a more stationary impression of the
video trace since the frame type differences are smoothed out.

In the folowing sections, we give some graphical representations of the frame size traces, the
distribution, the autocorrelation function, and the R/S plots. The R/S plots are used to find
the Hurst parameters for the three quantization settings gl = 1,25,51 that are stated in each
title as QP,;. The main usage and conclusion of these plots will be described in the following
part of the evaluation. These figures should give a graphical overview of some characteristical
behavior (e.g. the long time dependency of the frame trace) which is regarded as a time series
in statistical means.
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Table 1: Overview of Evaluated Sequences

Name of Video Sequence | Number of Frames | Format
Carphone 382 QCIF
Claire 494 QCIF
Container 300 QCIF
Foreman 400 QCIF
Grandma 870 QCIF
Mobile 300 CIF
Mother and Daughter 961 QCIF
News 300 QCIF
Paris 1000 CIF
Salesman 449 QCIF
Silent 300 QCIF
Tempete 260 CIF

5.3 Frame Size Traces

The main purpose for evaluating the behavior of the frame sizes is to achieve a statistically sound
base for the modeling and simulation of video traffic. The frame sizes reflect the video content
and its dynamic behavior. With any block— and motionvector-based encoding process, the frame
sizes are larger if the movie content is more dynamic and richer in texture. As can be seen in the
frame traces of Carphone, the frame size is rising around frame 150. This is due to a shift of the
landscape in the back, viewable through the car window. Before, the view is a clear sky, only
occasionally interrupted by moving objects (e.g. lanterns, street signs) — after frame 150, the
view is a forest, with a rich texture. Figure 11 gives an impression on the changing backgrounds
and the resulting frame sizes for a GoP—aggregation.

Furthermore, the frame sizes are larger when smaller quantization parameters are used (which
in turn give higher video quality). These factors are interdependent, i.e., high dynamics paired
with finer quantization results in larger frame sizes, and vice versa. We observe from Figures 12,
13, and 14, that the range of frame sizes is extremely different within a given GoP.

The GoP-smoothed traces in Figures 15, 16, and 17 give a clearer impression of the traffic
dynamics. We observe that the plots do not indicate any large dynamic change. This is because
the used tesing sequences typically have only little dynamic change in their content. In fact,
these testing sequences are typically employed to study video encoding at the time scale of a
video frame or smaller. The study of the impact of dynamic changes of the video content on the
video traffic requires longer test videos, which we will study in future work. A clear observation
from the figures is that frame sizes are larger for smaller quantization parameters

5.4 Frame Size Distribution

The distribution of the frame sizes is needed in order to make any statistical modeling of the
traffic possible. Frame size histograms or probability distributions allow us to make observations
concerning the variability of the encoded data and the necessary requirements for the purpose
of real-time transport of the data over a combination of wired and wireless networks. In the
following we present the probability density function p as a function of the frame size. For the
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Figure 11: Impact of changing background dynamics on frame sizes.

probability distribution function as well as the inverse probalbility distribution function, we refer
to our web page [1]. We observe for all the different quality levels a large spread of the frame sizes.
We observe that the distribution is spreading out more for smaller quantization parameters.

This is expectedly derived by comparing the differences in the frame sizes for the different
frame types (which normally tend to be high for I-frames, intermediate for P—frames, and low
for B—frames). With lower fidelity (i.e. higher quantization), the differentiation between these
types regarding the frame size is decreasing due to the more forcefully applied quantization. The
viewable result is characterized by a total loss of clear differences between objects, colors and
so forth. Figures 18, 19, and 20 give an overview of these quantization effects (please note that
these images were scaled down to fit on a single page).

The overall distribution may very roughly be seen as normal or Gaussian, what should be
easing future modeling efforts. A short warning here, again, with respect to the length of the
traces evaluated up to now.

5.5 Autocorrelation Coefficient

The autocorrelation [3] function can be used for the detection of non-randomness in data or
identification of an appropriate time series model if the data are not random. One basic assump-
tion is that the observations are equi-spaced. The autocorrelation is a correlation coefficient and
thus referred to as autocorrelation coefficient (acc). However, instead of the correlation between
two different variables, the correlation is between two values of the same variable at times X,
and Xy;r. When the autocorrelation is used to detect non-randomness, it is usually only the
first (lag k = 1) autocorrelation that is of interest. When the autocorrelation is used to identify
an appropriate time series model, the autocorrelations are usually plotted for a range of lags k.
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Figure 12: Frame size trace of Paris (quantization 01)

Figure 13: Frame size trace of Paris (quantization 25)

Figure 14: Frame size trace of Paris (quantization 51)
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Figure 15: Frame size trace of Paris averaged over one GoP (quantization 01)
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Figure 16: Frame size trace of Paris averaged over one GoP (quantization 25)
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Figure 17: Frame size trace of Paris averaged over one GoP (quantization 51)
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Figure 18: Quantization effect for Pams (quantlzatlon 40, PSNR for this frame: 27.4271)

[

Figure 20: Quantization effect for Paris (quantization 51, PSNR for this frame: 20.3898)
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Probability Density Function (p) for Paris_QPO1
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Figure 21: Frame size distribution for Paris (quantization 01)
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Figure 22: Frame size distribution for Paris (quantization 25)
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Figure 23: Frame size distribution for Paris (quantization 51)
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With our notation the acc can be estimated by

Nk (X - X) - (X - X
pX(k):]Vl_k'Z( )Sg( +k ) (10)

In 10 the lag (i.e. for either single frames or aggregated for one or multiple GoPs) is denoted
as k, with £k = 0,1,..., N. The autocorrelation function for the single frame aggregation level
shows the similarity within a GoP, whereas higher aggregation levels give an indication of the
long—term self-similarity. We observe from Figures 24, 25, and 26, that there large spikes spaced
12 frames apart. These are due to repetive GoPs, which contain 12 frames each. Thus for a lag of
12 frames, I frames correlate with I frames, P frames with P frames, and B frames with B frames.
The intermediate spikes that are spaced three frames apart are due to the correlations between
I and P frames. We observe that the intermediate spikes are decreasing with the fidelity of the
encoded bitstream. This appears to be due to the wider spread of the frame size distribution for
larger quantization parameters.

We observe from Figures 27, 28, and 29 that the GoP—based autocorrelation tends to fall off
slower than an exponential, suggesting the presence of long-range dependencies.

5.6 R/S Plots

The Hurst parameter, or self-similarity parameter, H, is a key measure of self-similarity [7, &].
H is a measure of the persistence of a statistical phenomenon and is a measure of the length
of the long range dependence of a stochastic process. A Hurst parameter of H = 0.5 indicates
absence of self-similarity whereas H = 1 indicates the degree of persistence or a present long—
range dependence. The H parameter can be estimated from a graphical interpolation of the
so—called R/S plot. The R/S plot gives the graphical interpretation of the rescaled adjusted
range statistic by utilizing the following method [2, 9].

The length of the complete series N has to be subdivided into blocks with a length of &, for
which the partial sums Y (k) have to be calculated as in Equation 11. Following the variance
of all these aggregations has to be calculated. The resulting R/S value is derived as shown in
Equation 13 for a single block.

Y(k) = YX (1)

1 & 1\2
KW = o2 [Xf -(3) -Y(k)ﬂ (12)
g(N) = le(k) [maxogtgk (Y(t) - % . Y(k‘)> — Ming<t<k (Y(t) - % : Y(k)ﬂ (13)

If plotted on an log/log scale for R/S versus differently sized blocks, the result will be several
different points. This plot is also called the poz plot for the R/S statistic. The Hurst parameter
H can then be estimated by fitting a line to the points of the plot, normally by using a least
square fit, neglecting the residual values at the lower and upper borders ( since those are typically
transient zones that represent the short rage dependencies, which exist on a GoP—level as studied
earlier). The larger the resulting Hurst parameter, the higher the degree of long range dependency
of the time series. As can be seen from the following Figures 30, 31, 31 on a single—frame basis,
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Frame Autocorrelation Coefficent (acc) for Paris_QP01
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Figure 24: Autocorrelation coefficients for Paris (quantization 01)
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Figure 25: Autocorrelation coefficients for Paris (quantization 25)
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Figure 26: Autocorrelation coefficients for Paris (quantization 51)
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GoP Autocorrelation Coefficent (acc) for Paris_QP01
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Figure 27: GoP autocorrelation coefficients for Paris (quantization 01)
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Figure 28: GoP autocorrelation coefficients for Paris (quantization 25)
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Figure 29: GoP autocorrelation coefficients for Paris (quantization 51)
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and 33, 34, 35 on a GoP-basis, the hurst parameters stay well above 0.5, reflecting the presence
of long—term dependence.

We applied the 4o0-test [11] to eliminate all outlying residuals for a better estimation of the
hurst parameter.

5.7 Variance Time Plot

The variance time plot is applied to a time series to show the development of the variance
as in Equation 8 over different aggregation levels. This provides another test for long-range
dependency [10, 5, 8, 2]. It is furthermore used to derive an estimation of the Hurst parameter.
In order to obtain the plot, the normalized variance as given in Equation 14 of the trace is
plotted as a function of different aggregation levels k of the single frame sizes in a log—log plot.
For each agggregation level k the total amount of frames IV is divided into blocks and the variance
calculated as shown before in Equations 11 and 12.

2
Snorm = SXék) (14)
SX

If no long range dependency is present, the slope of the function would be —1. For slopes larger
than —1, a dependency is present. For simple reference we plot a reference line with a slope of
—1 in the figures. We did not apply any regression—fits up to now but plan to do so in the future.

Our plots in Figures 36, 37, and 38 indicate a certain degree of long term dependency since the
estimated slope is less than —1. We estimate that this is due to the occurence of the I-frames
every 12 frames.

5.8 Periodogram Plot

A periodogram is a graphical data analysis technique for examining frequency—domain models
of an equi—spaced time series. The periodogram is the Fourier transform of the autocovariance
function. This calculation is currently employed in measuring the spectral density, following
the idea that this spectrum is actually the variance at a given frequency. Therefore additional
information about the magnitude of the variance of a given time series can be obtained by
identifying the frequency component. This is done by correlating the series against the sine/cosine
functions, leading to the Fourier frequencies [12]. For the calculation of the periodogram plot,
the frame sizes z; of NV frames are aggregated into equidistant blocks k. For each block, the
moving averages and their according logarithms are calculated as in Equations 15 and 16 with
n=1,...,N/k.

N
| X
k
Yn() = E;% (15)
ZF = logigY, M (16)

In order to determine the frequency part of the periodogram, we calculate Ay as in Equation 17.
The periodogram itself is then derived as given in Equation 18. For each different aggregation
level, we plot the resulting I(\g) and \g in a log/log—plot.

2w L M—-1 (17)
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Figure 30: Single Frame R/S plot and H parameter for Paris

Figure 31: Single Frame R/S plot and H parameter for Paris

RIS Plot for Paris_QP51 (H=0.168249895272951)

log(R/S)

log(R/S)

log(R/S)

16

RIS Plot for Paris_QP01 (H=0.474323708362334)

14 e

1.2 fpeoe e

0.8 |-

06—

0.2

0.8

13

log(d)

2.2

24

RIS Plot for Paris_QP25 (H=0.335127777077995)

26

2.8

1.2 i

1p-

08 -
(N2 EE—

0.6 oot

[ i R et TS

0.4

5

0.8

log(d)

2.2

24

26

2.8

log(d)

22

2.4

2.6

(quantization 01)

(quantization 25)

Figure 32: Single Frame R/S plot and H parameter for Paris (quantization 51)
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R/S Plot for Paris_QP01 (H=0.842531505526994)
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Figure 33: GoP R/S plot and H parameter for Paris (quantization 01)
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Figure 34: GoP R/S plot and H parameter for Paris (quantization 25)
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Figure 35: GoP R/S plot and H parameter for Paris (quantization 51)
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Variance Time Plot for Paris_QP01
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Figure 36: Variance time plot for Paris (quantization 01)
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Figure 37: Variance time plot for Paris (quantization 25)
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Figure 38: Variance time plot for Paris (quantization 51)
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1 a —q
I = oo | A" e (18)
k l

The resulting plots are shown in Figures 39, 40, and 41 for a single frame aggregation and
Figures 42, 43, and 44 for an aggregation level of a single GoP.

The Hurst paramter is estimated as H = (1 — (31)/2, using a least squares regression on
the samples. The Equations 20 and 21 are applied to determine the slope of the fitted line
y = 0o+ bz and H.

K = 0.7-]’32_2 (19)

5 — K-35 vy — (Zilil @“z) ' (2%1 yi)’ (20)
K- ( fill‘?> - ( filyz)

g = Zimyi— b T (21)

K

6 Conclusion

In this report we have reported on our pre-standard evaluation of the H.26L video compression
standard. Although the standard is not finalized as of the writing of this report and some
changes in the algorithms employed as well as the output format generated are possible, it is
expected that the basic routines utilized in our study will not change. As a consequence, our
traffic characterizations give very close approximations of the final H.26L. standard.

In the ongoing research of H.26L video compression we want to make comparisons with the
currently utilized standard video encoding formats according to compression and statistical be-
havior. Once the final H.26L standard has been approved by the ITU-T, we will encode full-
length movies to make more appropriate and consistent evaluations. The currently evaluated
sequences do lack length and differ in content from what is expected to be a typical movie that
would be transmitted over wireless networks in the future. Therefore the presented results will
likely differ from what could be expected by a more lengthy evaluation. Since dynamic behavior
and content are correlated, we will examine different categories such as action, comedy, animated,
and news. Additionally, we want to expand the statistical evaluation further with additional long
term dependency evaluations and outlier elimination.
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Figure 39: Single frame periodogram plot for Paris (quantization 01)
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Figure 40: Single frame periodogram plot for Paris (quantization 25)
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Figure 41: Single frame periodogram plot for Paris (quantization 51)
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Statistical Results for Other Reference Videos
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Figure 45: Frame size trace for Carphone (quantization 25)
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Figure 46: Frame size trace for one GoP Carphone (quantization 25)
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Figure 47: Frame size distribution for Carphone (quantization 25)
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Figure 48: Autocorrelation coefficients for Carphone (quantization 25)
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Figure 49: GoP autocorrelation coefficients for Carphone (quantization 25)

Copyright at acticom. All Rights acticom-02-002
reserved.

Page 35



: "ARIZONA STATE
CI Ct | c 0 m mobile networks m UNIVERSITY

18

16

14

1.2

log(R/S)

0.8

0.6

04 oo

0.2

R/S Plot for Carphone_QP25 (H=0.758091918469651)

log(d)

Figure 50: Single Frame R/S plot and for Carphone (quantization 25)
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Variance time plot for Carphone (quantization 25)
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Figure 52: Single frame periodogram plot for Carphone (quantization 25)
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Figure 53: Frame size trace for Claire (quantization 25)
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Figure 54: Frame size trace for one GoP Claire (quantization 25)

Copyright at acticom. All Rights acticom-02-002 Pa,ge 37
reserved.



"ARIZONA STATE
UNIVERSITY

a Ct ICOIM novite networks

689 L0'8 va'8 S0'6 z8'8 €6°L 1L°9 o1°¢ 19°¢ 0z 08'1 ueew 03 Jead
[s/md]

€E°EET8S | €E°€E6V6 | 00°00T6ET | 00°008TET | L9°99906€ | €€°€€9809 | 297992006 | L9°999Z0ET | €€°€€STIBT | 00°000890€ | L9°998196¢ | °%ealiq deod
[s/31q]

T6'TILIT | 6976791 €1°21LST 06°T6THY €8°09L9L LO'TOTFET | T11°80TSST SV°TL06TS 9V LZEVEET | STTION0CT | @3eIq UBSIN

ev'T L1 06°T 102 502 z8'T T91 01T 0L°0 z€0 0z°0 A0D

8G°€€9T 96°9869 60°L099T 98" F1E9Y T8'GLLZYT | 00°9£T6EE | V0°G6TLIL | TL'6SOE9ET | PSPEVEBET | LE'96LBIEE | LT 988FESE s
[234q]

86°02 [48a¢4 $0° 12 T0'9g $S°8¢€ £7'€8 90°86T 16°CHS 6L°68V1 GO TL8Y 78918 swrif—d y
[e34q]

6891 g€°0€ £0°0¢G 69°98 12°L81 6€°21E 09°109 9V 6611 £€°697C SLVTH9 82792001 pwvtf—d x
[034q]

07661 0g°12E z1°98% 69°€08 €6° 7071 9€°L81T 61°092€ 9€°62L¥ F1°0T0L LTHEETT 87 0LIFT pwvtf =1
[034q]

91°g¢ 10°6¥ 68°L9 €1°L0T G981 08'61€ 9L°8G¢ L€°€90T V%088 0L°608S 88816 X
[034q]

81% 9ge 44 £L8 G9FT (4144 9LEE q887 TLIL GOSTT LG8FT oy
[034q]

48 €1 91T 8T 61 8T 29 L€T 016 LTV Riib'e

19 14 oy g€ og 14 [at4 gt ot <0 10 d0

2.41D]) IOJ SOI3SIYR)S QUIRI] O[SUIS 9 S[QRT,

Page 38

acticom-02-002

All Rights

Copyright at acticom.

reserved.



A STATE

"ARIZO
UNIVERSITY

a Ct ICOIM novite networks

80°'T (481 ST'T 611 ¥T'1 81 821 [T a1 8T'T 80°'T 90°'1 ueaw 09 yead
[s/m4q]

00°0T 0¥ ¥T 85°0C Lyee 60°09 8T°80T 8T'88T 67'25¢ 29°989 8€'¥991 62°889¢ ojex Jop eed
[s/31q]

9z°'6 06°C1 $8°LT S1'8C 09'8% 6178 19 LYT ST 18T 8T'¥8S S9'TVST 67°8€TC o1l Jop uedIN

$0°0 S0°0 200 80°0 010 z10 €1°0 11°0 80°0 ¥0°0 €0°0 doDp00

81°68% | 98°2S6 | SVVISE | SEVEILL | VW ISEVy | 60°STeVIE | PI'PGEL0L | SO'LV6TIG0T | 0£°129689% | 80°90£.99L | 00°29gce8er | 172 Xg
[e34q]

g8'9TV | 6C'08S | <8708 68'99¢21 19°281% L€'88LE $3' €99 50'999¢2T 00°88292 TT VLEGO G6°18L60T doD x
[034q]

0S¥ 879 926 90ST $0LT 898% 8978 TI8ST 0060€ L6872 €LVITT doD Tr
[034q]

20T 12€ TSy €92 6€€1 LETT LLTE I8V €ITL YV 8E8V T doD urtiye

18 =374 ov cg os 14 (114 -3 o1 <0 10 dd

247D]7) I0J SOTISTIB)S JOY) i/, O[qRl,

Page 39

acticom-02-002

All Rights

Copyright at acticom.

reserved.



a Ct i COIM novite networks ﬂl

ARIZONA STATE
UNIVERSITY

0.018

Probability Density Function (p) for Claire_QP25

0.016

0.014

0.012

0.008

0.006

0.004

500 1000 1500 2000 2500
frame size [bytel

0.002
0

Figure 55: Frame size distribution for Claire (quantization 25)
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Figure 56: Autocorrelation coefficients for Claire (quantization 25)
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Figure 57: GoP autocorrelation coefficients for Claire (quantization 25)
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Figure 58: Single Frame R/S plot and for Claire (quantization 25)

Variance Time Plot for Claire_QP25

15 -

log variances(agg)

a5 H H H H H H H H H H
1 11 12 13 14 15 16 17 18 1.9 2 2.1
loa(agq)

Figure 59: Variance time plot for Claire (quantization 25)

Periodogram Plot for Claire_QP25 Agg. 1 (H=0.727728889354086)
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Figure 60: Single frame periodogram plot for Claire (quantization 25)
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Figure 61: Frame size trace for Container (quantization 25)
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Frame size trace for one GoP Container (quantization 25)
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Figure 63: Frame size distribution for Container (quantization 25)
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Figure 64: Autocorrelation coefficients for Container (quantization 25)
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Figure 65: GoP autocorrelation coefficients for Container (quantization 25)

Copyright at acticom. All Rights acticom-02-002 Page 45

reserved.



: "ARIZONA STATE
CICtICOm mobile networks ﬂl UNIVERSITY

R/S Plot for Container_QP25 (H=0.191241178623913)

08
075 .
0.7 .
__oesf .
4
['4
E | | |
0.6 T .
055 | .
05| -
0.5 i H H H H H H
0.8 1 12 14 16 18 2 22 24

log(d)

Figure 66: Single Frame R/S plot and for Container (quantization 25)
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1
08 -~ -
L e S = =
04 - -
B 02 [ -
kg
g
g °r N
3
g
o 0.2 -
g
B e e e e Y -
0.8 [P b -
1 11 12 13 14 15 16 17 18 19

loa(agq)

Figure 67: Variance time plot for Container (quantization 25)

Periodogram Plot for Container_QP25 Agg. 1 (H=0.549621887472763)
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Figure 68: Single frame periodogram plot for Container (quantization 25)
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Figure 69: Frame size trace for Foreman (quantization 25)

Frame Size Trace of Foreman_QP25 - Aggregation 12
1600

1400 fp------~

1200

1000 |-

800 -

frame size [byte]

600 -

400 -

200 fp-e

0 50 100 150 200 250 300 350 400
frame index

Figure 70: Frame size trace for one GoP Foreman (quantization 25)
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Figure 71: Frame size distribution for Foreman (quantization 25)
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Figure 72: Autocorrelation coefficients for Foreman (quantization 25)
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Figure 73: GoP autocorrelation coefficients for Foreman (quantization 25)
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Figure 74: Single Frame R/S plot and for Foreman (quantization 25)
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Figure 75: Variance time plot for Foreman (quantization 25)

Periodogram Plot for Foreman_QP25 Agg. 1 (H=0.68443840910836)
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frame periodogram plot for Foreman (quantization 25)
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Figure 77: Frame size trace for Grandma (quantization 25)
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Figure 78: Frame size trace for one GoP Grandma (quantization 25)
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Probability Density Function (p) for Grandma_QP25
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Figure 79: Frame size distribution for Grandma (quantization 25)

Frame Autocorrelation Coefficent (acc) for Grandma_QP25
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Figure 80: Autocorrelation coefficients for Grandma (quantization 25)
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Figure 81: GoP autocorrelation coefficients for Grandma (quantization 25)
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Figure 82: Single Frame R/S plot and for Grandma (quantization 25)
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Figure 84: Single frame periodogram plot for Grandma (quantization 25)
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Figure 85: Frame size trace for Mobile (quantization 25)
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Figure 86: Frame size trace for one GoP Mobile (quantization 25)
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Figure 87: Frame size distribution for Mobile (quantization 25)
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Figure 88: Autocorrelation coefficients for Mobile (quantization 25)
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Figure 89: GoP autocorrelation coefficients for Mobile (quantization 25)
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RIS Plot for Mobile_QP25 (H=0.471436506988997)
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Figure 90: Single Frame R/S plot and for Mobile (quantization 25)
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Figure 91: Variance time plot for Mobile (quantization 25)

Periodogram Plot for Mobile_QP25 Agg. 1 (H=0.55999620632099)
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Figure 92: Single frame periodogram plot for Mobile (quantization 25)
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Figure 93: Frame size trace for MotherDaughter (quantization 25)
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Figure 94: Frame size trace for one GoP MotherDaughter (quantization 25)
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Figure 95: Frame size distribution for MotherDaughter (quantization 25)

Frame Autocorrelation Coefficent (acc) for MotherDaughter_QP25
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Figure 96: Autocorrelation coefficients for MotherDaughter (quantization 25)
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Figure 97: GoP autocorrelation coefficients for MotherDaughter (quantization 25)
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RIS Plot for MotherDaughter_QP25 (H=0.452602492677487)
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Figure 98: Single Frame R/S plot and for MotherDaughter (quantization 25)
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Figure 99: Variance time plot for MotherDaughter (quantization 25)
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Figure 100: Single frame periodogram plot for MotherDaughter (quantization 25)
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Figure 101: Frame size trace for News (quantization 25)
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Figure 102: Frame size trace for one GoP News (quantization 25)
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Figure 103: Frame size distribution for News (quantization 25)
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Figure 104: Autocorrelation coefficients for News (quantization 25)
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Figure 105: GoP autocorrelation coefficients for News (quantization 25)
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RIS Plot for News_QP25 (H=0.253659412037892)
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Figure 106: Single Frame R/S plot and for News (quantization 25)
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Figure 107: Variance time plot for News (quantization 25)

Periodogram Plot for News_QP25 Agg. 1 (H=0.482451099660243)
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Figure 108: Single frame periodogram plot for News (quantization 25)
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Figure 109: Frame size trace for Salesman (quantization 25)
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Figure 110: Frame size trace for one GoP Salesman (quantization 25)

Copyright at acticom. All Rights acticom-02-002 Page 72
reserved.



A STATE

"ARIZO
UNIVERSITY

a Ct ICOIM novite networks

829 g9'8 87°6 GS'6 6 18'8 68°L 79 (487 gLT ST ueew 03 Jead
[s/md]

00°0008% | 00°00FOTT | €€°€€£50TZ | 00°00TLZF | 00°00969L | 00°008ZIET | 00°009ET0T | L9°990606T | L9°99Z096€ £€°€€LE0TS £€°€E9FITI ojeIyIq dESd
[s/31q]

£V IFIL 62°69.21 GL'89TET 08'63LFT 00°9SST8 1L'GE06VT 9%°6022ST 00°0¥0T8Y T8 VYTIL £6'892F681T GL'E8GGELT 93ea)1q ues N

16T €6°'T €2°C 82T atd 01°2 18T 17T G6°0 97°0 z€0 A0D

26°92L1 L0°86S0T 8L°6L89Y PI'€086LT | 08'8€TS8G | 9V LPEEOLT | 9T°FTSOV6E | TOFLVLE9L | 66°€FTPI0CT | 0£'F8TLSOET | 8€FIGSEVET s
[234q]

9L°0T 0$°02 T6'1T g8'€e 96°29 LY 6ET 18°21€ 18°108 ST 1VCT TL'08€9 L€°9786 cwrLf—d y
[e34q]

0z°ST 68°5C 99°9¢ £0°02T 6LTET 62°79¥ 11°088 80°08LT 91 vE9¢ 8€°8008 GEFRGTT pwvtf—d x
[034q]

6L°L9T 81°06€ £1°708 1279981 09°628% 68°848¥ £9°687L G7°8180T 6€°GGLYT ¥ 60761 G6°610€T pwvtf =1
[034q]

$8'1€ 12°€¢ S6'96 L€°981 18°6€€ 86029 L€°€90T 0g°'€881 20'1S9€ GL'TE8L LT°86ETT X
[034q]

08T 487 128 z09T 9882 €26V 169G 6060T 19871 FIG6T LT1€T oy
[034q]

48 €1 LT LT 61 12 €9 6.2 6071 yere G8.8 ury

19 i ov <3 o€ 14 0z qT [} g0 10 dd

UDWSI)DG I10J SOIPSIYe)S otredj o[SuIg :()g O[qRL

Page 73

acticom-02-002

All Rights

Copyright at acticom.

reserved.



A STATE

"ARIZO
UNIVERSITY

a Ct ICOIM novite networks

111 9T'1 121 621 681 91 P71 PP 1 Te'1 91’1 (481 ueaw 09 yead
[s/mq]

9€°6 6291 T8'0€ Th'e9 eT'vel 60°8€T 96' 11V TT°ETL 8T°0LTT T0°8TVT 08'06€€ ojex Jop eed
[s/%14q]

ov'8 1071 1862 S8V 1768 8%'€91 S1°082 $6°967 9%'G96 92 160T §9°120€ 9381 JOop uedN

€0°0 S0°0 80°0 11°0 €1°0 ST'0 910 ST°0 11°0 90°0 S0°0 doPp00

OT°GLT | PI'Z9TT | ¥6'0SI8 | 66°GTGLC | 98°6V€997 | 9 TOS06TT | LL'G609T6E | 09°28L669TT | VI08COVIVE | 9v'6Se1List | 18°8caszase | 979 Xg
[e34q]

61'8LE | LS'0€9 S0'8VIT | 0€'1L1% £7'€20V LG°9G€L S6°909¢T 61'C9€CC LG STREY S€'901¥6 9V PLEGET doD x
[034q]

j¥44 €EL L8€T 6082 985G PILOT 8€G8T 060z¢€ 8GTLS 921601 98GZST d0D Tr
[034q]

<91 S6€ L6L 8%ST 9¥8T 1987 9€GL 6060T gE8V1 11961 690€T doD urtiy

I8 14 ov [ 0g 14 (114 ST ot <0 10 dd

UDWISI]DG 10J SOT)SIFess JoY) :1¢ O[qel,

Page 74

acticom-02-002

All Rights

Copyright at acticom.

reserved.



: "ARIZONA STATE
CICtlcom mobile networks ﬂl UNIVERSITY

Probability Density Function (p) for Salesman_QP25
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Figure 111: Frame size distribution for Salesman (quantization 25)

Frame Autocorrelation Coefficent (acc) for Salesman_QP25

acc

-0.2

lag [frame]

Figure 112: Autocorrelation coefficients for Salesman (quantization 25)
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Figure 113: GoP autocorrelation coefficients for Salesman (quantization 25)
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Figure 114:

RIS Plot for Salesman_QP25 (H=0.294441155331762)
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Single Frame R/S plot and for Salesman (quantization 25)
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Figure 115: Variance time plot for Salesman (quantization 25)

Periodogram Plot for Salesman_QP25 Agg. 1 (H=0.726112561906172)
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Figure 116: Single frame periodogram plot for Salesman (quantization 25)
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Figure 117: Frame size trace for Silent (quantization 25)
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Figure 118: Frame size trace for one GoP Silent (quantization 25)
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Figure 119: Frame size distribution for Silent (quantization 25)
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Figure 120: Autocorrelation coefficients for Silent (quantization 25)
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Figure 121: GoP autocorrelation coefficients for Silent (quantization 25)
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RIS Plot for Silent_QP25 (H=0.363386415577168)
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Figure 122: Single Frame R/S plot and for Silent (quantization 25)

Variance Time Plot for Silent_QP25
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Figure 123: Variance time plot for Silent (quantization 25)

Periodogram Plot for Silent_QP25 Agg. 1 (H=0.676267115592979)
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Figure 124: Single frame periodogram plot for Silent (quantization 25)
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Figure 125: Frame size trace for Tempete (quantization 25)
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Figure 126: Frame size trace for one GoP Tempete (quantization 25)
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Figure 127: Frame size distribution for Tempete (quantization 25)

Frame Autocorrelation Coefficent (acc) for Tempete_QP25
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Figure 128: Autocorrelation coefficients for Tempete (quantization 25)
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Figure 129: GoP autocorrelation coefficients for Tempete (quantization 25)
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RIS Plot for Tempete_QP25 (H=0.436644472770824)
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Figure 130: Single Frame R/S plot and for Tempete (quantization 25)
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Figure 131: Variance time plot for Tempete (quantization 25)

Periodogram Plot for Tempete_QP25 Agg. 1 (H=0.628082797246763)
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Figure 132: Single frame periodogram plot for Tempete (quantization 25)
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