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Abstract: In this paper, we propose the use of traffic shaping to mitigate the effects of network impairments in
viewer’s perceived quality of video streaming over IP. Traffic shaping is used to change the burstiness of video
considering the characteristics of MPEG-4 encoding. In MPEG-4, the bursts of traffic are caused by variable
length of frames. I-frames are very important in image reconstruction and produce the biggest bursts, so the
packets carrying the I-frames are more likely to experience higher delay or be discarded. We propose a method
of shaping the video traffic to distribute the bursts over time as much as possible. This procedure reduces the
negative effects of bursts on the viewer’s perceived quality. We choose to use the token bucket algorithm due
to its low computational complexity and wide availability in servers and routers. The main contribution of the
paper is a method to configure the token bucket parameters using the video characteristics. The efficiency of the
proposed method is demonstrated through computer simulations, and the results indicate that the proposed method
effectively mitigates the effects of network impairments in viewer’s perceived quality.
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1 Introduction ent types of frames, namely I-, P-, and B-frames. A

specific arrangement of these frames is called group
The Internet Protocol (IP) has proven to be an inter- of pictures (GOP). A GOP always starts with an I-
esting technological solution for transporting data of frame, followed by B- and P-frames. I-frames are only
multimedia applications, supporting different types of spatially compressed, P-frames depend on previous I-
real-time transmission. Video streaming plays a major frame to be decoded, and the B-frames depend on past
role among those applications, and the use of IPTV and future I- and P-frames, resulting in a variable bit
(television over IP) is consistently growing over the rate behavior.

past years. A network to support IPTV systems must
provide appropriate levels of QoS (Quality of Service)
and QoE (Quality of Experience) [5] and is required
to transfer a large volume of information.

The effects of packet loss in viewer’s perceived
quality were studied by Greengrass et al. [14]. The
authors showed that the discard of packets carrying
I-frames could result in impairments propagated over

The MPEG (Moving Picture Experts Group) was all frames of a GOP. As a consequence of packet loss,
established to set standards for audio/video compres- degradation can last for a long period of time, typi-
sion and transmission [26]. The MPEG-4 part 10, also cally 1/2 to 1 second, and video quality would be re-
known as H.264 or Advanced Video Coding (AVC), trieved only when the decoder receives a new unim-
is specified in ISO/IEC 14496 [1] and was developed paired I-frame. Depending on which packet is lost,
by ITU-T Video Coding Experts Group together with the distortion could result in different levels of im-
ISO/IEC Moving Picture Experts Group. The H.264 age degradation. For example, the loss of a packet
can achieve good video quality at lower bit rate than at the start of an I-frame, containing part of the frame
previous standards, including MPEG-4 part 2 [24], header, can have the same effect as losing the I-frame
and is widely used in IPTV systems [18]. entirely. The packet loss can occur due to lack of

The structure of MPEG-4 contains three differ- space in the buffer or because of expiration of the
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packet maximum delay. According to [6], network
delay has become a determining factor in the quality
of video streaming and voice over IP, as the bandwidth
seems to be growing to meet the requirements of video
transmission. Delay and jitter must be lower than 200
milliseconds and 50 milliseconds, respectively, to en-
sure a good quality of experience in video streaming
encoded with MPEG-2 and MPEG-4 [2].

Hong et al. in [15] proposed a packet scheduler
algorithm to improve the viewer’s perceived quality,
adjusting the time intervals between packets based
on their significance. The significance is defined as
the importance of a packet to the image reconstruc-
tion considering the GOP structure, and it is obtained
through analyses of the consequence of loss for each
pixel. The evaluation of significance requires payload
processing, with high computational complexity. The
scheduler is called Significance-Aware Packet Sche-
duler (SAPS). With SAPS, the packets with higher
significance will take a longer inter-packet time inter-
val than the less significant packets. This allows net-
work elements to free up some space on their buffers
before the next packet arrival. The most significant
packets wait a longer time to be transmitted and are
likely to be preserved in case of network congestion.
As aresult, the video quality perceived by the viewers
is improved. The implementation of SAPS is done at
the streaming server.

Huang et al. in [16] presented an algorithm that
combines packet scheduling and queue management
to improve video quality. The authors developed an
algorithm called Active Drop Queue (ADQ) to im-
prove the quality of video stream over networks with
bandwidth constraints. ADQ implements separate
queues for the traffic within the bandwidth limit, for
the traffic exceeding the bandwidth limit, and for the
best-effort traffic. Each packet in queue is associated
with a time stamp. This allows the evaluation of an
excess delay beyond a specified deadline where the
transmission of packet is useless. In case of network
congestion, the ADQ removes from traffic exceeding
the bandwidth limit the packets with expired deadline,
freeing the queue to receive new packets.

An active queue management algorithm based on
priority dropping (PD) and a proportional-integral-
derivative (PID) controller is proposed in [27] using
the control theory, called PID_PD, which first drops
the least important packets when network congestion
arises. The packet is marked by the application layer
using the priority field of the IP packet. The B-frames
receive the least priority, and I-frames receive the
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higher priority. The results show that the schema can
prevent the high-priority layer or frame from drop-
ping, thus preserving viewer perceived quality in case
of network congestion.

Schier et al. presented in [20] a strategy to pre-
serve video quality in situations of network conges-
tion. The method performs a classification of pack-
ets based on macroblock distortion estimation and re-
quires superficial decoding of the video stream. The
results showed an increase of perceived video quality.

The problem of shaping video traffic was ex-
plored previously in by Alam et al. [9], but the ob-
jective of the authors was to adapt the video traffic to
the policing strategy of the Integrated Services model
[10].

A priority packet discard strategy to avoid dis-
carding packets that carry the most relevant informa-
tion for image reconstruction was proposed by Maffini
et al. [19]. The strategy uses a real-time packet pay-
load classifier implemented with artificial neural net-
works. The results showed an increase in the viewer’s
perceived quality in cases of network congestion. This
approach does not require changes at the video source
to classify outgoing packets or video streaming decod-
ing.

In this paper, we explore the application of traffic
shaping implemented in the video streaming server,
with the aim of mitigate the effects of network im-
pairments in quality of video as perceived by the final
user. The token bucket algorithm [23] was chosen to
shape video traffic because of its low computational
complexity and wide availability. The main contri-
bution of the paper is a method for setting the token
bucket parameters, considering the video characteris-
tics. The proposed method has lower computational
complexity than SAPS.

This article is organized as follows. Section 2
presents a method to use the token bucket shaper
to improve the viewer’s perceived quality of video
streaming over IP, including an automatic method for
parameter setting. Section 3 presents the evaluation of
proposed method using objective video quality met-
rics and computer simulations. Section 4 presents the
conclusions and future work.

2 Traffic Shaping to Improve Per-
ceived Video Quality

The traffic shaper can change the temporal character-
istics of outgoing packets [13]. Thus, the sent traf-
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fic can be adapted to traffic policing used by the net-
work elements to check if the user has not violated the
service-level agreement. However, our proposal is to
use traffic shaping to change the temporal characteris-
tic of video stream packets to improve user-perceived
quality.

The token bucket algorithm has two parameters:
the flow average rate r and the associated burstiness b.
In the token bucket algorithm, a token is added to the
bucket every 1/r seconds. The bucket can hold b to-
kens at the most. If a token arrives when the bucket is
full, it is discarded. When a packet of n bytes arrives,
n tokens are removed from the bucket, and the packet
is sent. In the token bucket shaper, if fewer than n to-
kens are available, packet transmission is postponed
until 7 tokens are available in the bucket.

2.1 A Method to Set Token Bucket Parame-
ters

The aim is to distribute traffic bursts on time, thereby
reducing the problems caused by queuing bursts of
packets in the buffers of network elements. As a re-
sult, we expect to improve the viewer’s perceived qua-
lity. The main problem is how to set the parameters
of the algorithm, namely the bucket rate r and bucket
size b. The algorithm assures that, in a given time
interval 6, the maximum amount of information sent
does not exceed b+ r. Thus, the r parameter can be
set to the average bit rate required by the video. This
can be done by taking the ratio between the amount of
information to be transmitted and the total length of
the video. For the bucket size, some additional con-
siderations are necessary. If bucket size is small, the
bursts would be completely eliminated, and the delay
added to the frames could impair the video quality. If
bucket size is too large, the packet flow would remain
unchanged. Thus, to preserve video quality, it is nec-
essary to ensure that the transmission of the I-frames,
which is the largest frame, can be done on the average
before transmission of the next image, namely

1
5 S ‘?a
where 75 is the average time required to send an I-
frame and f is the frame rate.

The average time to send an I-frame, shaped by
token bucket algorithm, can be written as

ey
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where b is the bucket size, C is the channel rate, (731
is the average size of an I-frame, and r is the token
bucket rate.

Then we substitute Eq. (1) and (2) to yield

: {r—@], r<C. 3)

bs r/C—1|f

Eq. (3) indicates the range for the bucket size so
as not to overlap the transmission of packets belong-
ing to subsequent frames. Considering that I-frames
are the larger frames, then the use of a bucket size
greater than the size of the biggest I-frame of video
would not shape traffic. So that an important rule to
be established is given by

b < MAX,,, %)

where MAX, represents the larger I-frame of the
video.

Based on the above considerations we propose the
use of the following heuristic in choosing the value of
bucket size:

. 1 roo~| -

oo [y -5]9).

The method proposed in Eq. (5) complies with
the limits established by Eq. (3) and (4), as the av-
erage size of I-frames is always lower or equal than
the maximum size of I-frames. This heuristic is based
on the following observations: (a) the average size of
I-frames is a simple measure to be achieved in prac-
tice; (b) as there is a variation in the size of I-frames,
limiting the burst size to the average size of I-frames
is an interesting measure to reduce network conges-
tion without excessively penalizing the transmission
of I-frames; and (c) shaped traffic also allows bursts
for majority of video frames, in a way that we expect
that this configuration does not lead to degradation of
perceived quality, as only the larger frames will be af-
fected.

(&)

2.2 An automatic method for parameter set-
ting

Observing the behavior of traffic at a certain scale, it
is possible to infer on the parameters for evaluation of
b using Eq. (5). The parameters are the frame rate f,
the average video rate r, the average size of I-frames
¢y, and the largest I-frame MAX,. This facilitates the
operation of the proposed method for the end user.
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Assume YV;,t = 1,2, ..., N, denotes a temporal se-
ries representing arrived traffic, with the interval be-
tween Y; and Y;; | being fixed and constant time given
by 7. Define X; as the total traffic observed in an inter-
val given by X; = Y; — ¥;_;. Thus, we propose to use
X, to infer the parameters for evaluation of b.

2.2.1 Frame rate

We propose using a trend detector to identify the
frame rate, which is called the Moving Average Con-
vergence Divergence (MACD) [12]. The MACD is a
method originally developed in forecasting time series
in financial markets. The trend indicator uses an Ex-
ponential Moving Average (EMA), which is actually
a low pass filter, given as follows:

St - (1 - 06)5171 + OtX, (6)

where « is the value of the filter constant.

The MACD uses two EMAs with values of o cho-
sen to get short- and long-term EMAs. A trend to as-
cent or descent in the series is indicated by the inter-
section of the short- and long-term moving averages.
When the MACD is used in the financial stock mar-
ket, trend detection is a trigger used to buy and sell
stocks. In the case of intended application, only up-
ward trends are of interest. In the proposed method,
if an upward trend is detected, it is considered indica-
tive of the presence of a frame. Figure 1 illustrates
the application of the method using video SW1 with
T = 10 milliseconds. The figure shows a “x”” symbol
indicating the detection of th up trend. Continuous
line represents a short-term EMA with o = 0.5 and
dashed line indicates a long-term EMA with o = 0.2.
In this case, 12 up trends were detected in a total sam-
ple time of 400 milliseconds, leading to a frame rate
of f =12/0.4 = 30 frames per second.

2.2.2 ¢ and MAX,,

By appropriately choosing the values of o, identify-
ing all frames or only the larger frames using MACD
is possible. I-frames are the larger frames of GOP
[19]. Thus, using the MACD can possibly identify
only the I-frames. In the tests, we used the values of
a = 0.1 for short-term EMA and o = 0.6 for long-
term EMA. As there is only one I-frame in GOP, it
is possible to estimate the approximate size of the I-
frame. If an I-frame was detected in a time ¢, the
approximate size of the I-frame can be found using
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y(t—=1/2n) = y(t+1/2r)). From this, it is possible to
evaluate ¢; and MAX,.

2.2.3 Video rate

The r parameter can be obtained through a long-term
EMA. After a warm-up period, typically of two sec-
onds, the value of long-term EMA converges to a sta-
tionary value representing the video rate. Figure 2
represents a long-term EMA with o = 0.01 for video
Coastguard with 7 = 10 milliseconds. It can be seen
that the series converges in approximately 2.5 sec-
onds. After a warm-up period, it is possible to evalu-
ate video bit rate to r = 8(1150/0.01) = 920 Kbps.

3 Simulation

The simulation was configured using a dumbbell
topology, as illustrated in Figure 3. The link between
routers is the bottleneck of the network with transmis-
sion rate given by C. The link between server-router
and client-router was configured with a transmission
rate much greater than C, with negligible propaga-
tion delay. Delay of the link between routers was de-
fined to mimic the typical latency found in real sys-
tems for access networks, with average value of 50ms
[6]. The simulator used was the Network Simulator
(NS-2), version 2.38 [11]. In all simulations, we used
two scenarios for background traffic: first consisting
of a file transfer over TCP, and second consisting of a
video streaming.

In the tests, the bottleneck rate C was changed to
produce several levels of utilization. The utilization is
a dimensionless value with a maximum size of 1.0,
given by the ratio between the link usage by video
transmission and C. We simulated several scenarios
of utilization, contemplating possibilities from 10%
to 90%. The buffer size of routers, client, and server
was large enough to avoid packet discard at queues.
In each simulation, the bucket size was recalculated
using Eq. (5). The receiver uses a playout buffer with
size of 200ms.

3.1 Video test set

Two sets of videos were used for the tests. The first
were Akiyo, News, Highway, Football, Foreman, and
Coastguard, which are all publicly available in [7].
These videos consisted of a single scene, each with a
different spatial detail and movement patterns. Fig-
ure 4(a)-(f) illustrates the first scene of each of the
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Figure 1: Frame rate detection for video SW1.
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Figure 2: Video rate detection - video Coastguard.

videos. These videos were encoded with resolution
of 352x288 pixels.

To allow better generalization of the results, snip-
pets of 120 seconds of films Jurassic Park, Silence
of the Lambs, and Star Wars Episode IV were also
used. We used one snippet from Jurassic Park (JP)
and Silence of the Lambs (SL), and three snippets
from Star Wars Episode IV (SW1, SW2, and SW3).
Those videos present different movement patterns and
scene changes. Particularly, SW1, SW2, and SW3
can be classified by visual inspection as presenting
a medium, high, and low movement pattern, respec-
tively. JP and SL present medium movement pat-
tern. All film snippets were encoded with resolution
of 640x480 pixels. Figure 5(a)-(e) illustrates the first
scene of each of the videos.

The videos were encoded with H.264/AVC and
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MPEG-4 part 2, with GOP lengths of 8, 12, 18, and
30 frames. In all the videos, the frame rate was con-
figured to 25 fps.

3.2 Evaluation of automatic method for pa-
rameter setting

The automatic method for parameter setting proposed
in section 2.2 was tested using the videos under study.
The parameters f, r, (]31, and MAX,, were estimated
for each video. The error was evaluated using the dif-
ference between real and estimated values.

Table 1 shows the error of each parameter after
the automatic parameter detection. The results indi-
cate a good estimation for videos Akiyo, Coastguard,
Football, Foreman, Highway, and News. These videos
consisted of a single scene, and the motion pattern is

Volume 13, 2017



WSEAS TRANSACTIONS on SIGNAL PROCESSING

C— o
[

File server (FTP)

Router 1

LI

Video server

MPEG4
WORLD

mmmmm
wwwww
i -
g o
0 1

T ——
1 1 At s
i WSS e
- 1,

Carlos Marcelo Pedroso, Valter Klein

Video client

@) (b)

(d (e)

®

Figure 4: First frame of single-scene videos used in the tests.

the same over all video length. The parameter estima-
tion for film snippets JP, SL, and SW3 also presents
good results. The parameters estimated for SW1 and
SW2 present a greater error, particularly in the esti-
mation of ¢ and MAX,,. This can be explained by
the movement pattern of the SW1 and SW2, with a
lot of scene changes. The error presented in Table 1
was evaluated using the complete video. Thus, the
grater error in this case does not indicates a poor per-
formance of proposed method because this video ac-
tually experienced variation of its characteristics over
time. The automatic method for parameter setting can
actually adapt to this behavior.

3.3 Evaluation of Video Quality

Quality of experience is defined by the International
Telecommunication Union as a subjective measure us-
ing the user’s perception on the quality of the video
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Table 1: Average error after automatic parameter esti-

mation. _

Video r fps o7 MAX,,
Akiyo 8.68% 059% 0.00%  0.00%
Coastguard  5.33% 025% 9.59% 17.51%
Football 22.52% 0.58%  49.52% 0.00%
Foreman 537% 0.59%  0.00%  0.00%
Highway 0.32% 0.04% 47.33% 27.03%
News 751% 025%  0.00%  0.00%
JP 097% 1.67% 3291% 6.74%
SL 0.08% 0.83% 9.74%  21.54%
SW1 033% 2.60% 81.93% 199.19%
SW2 87.96% 1.28%  99.01% 132.96%
SW3 145% 144% 0.15%  26.23%
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Figure 5: First frame of snippets from films used in the tests.

image reproduced. Subjective evaluation of QoE is
standardized by [3] and [4]. The test result is called
Mean Opinion Score (MOS), which is given by a
number in the range of 1-5 that indicates the perceived
quality, with 1 being the worst and 5 being the best
quality.

In contrast, the objective evaluation of the qua-
lity of the received video is performed using com-
putational tools. The available methods for objec-
tive evaluation of quality can be classified as No-
Reference (NR), Reduced-Reference (RR), or Full-
Reference (FR) approaches. The FR method accesses
the original and received content in the evaluation pro-
cess. The NR approach assesses the content quality
level without any knowledge of the original video,
while RR uses some information of the original video
to evaluate the quality of the received video.

Peak-Signal-to-Noise Ratio (PSNR) and Struc-
tural Similarity (SSIM) are the most frequently used
FR metrics. According to [21], PSNR is a basic, yet,
important metric that assesses the similarity between
two different images. PSNR computes the mean
square error (MSE) of each pixel between the origi-
nal and the received images, represented in dB. Im-
ages with more similarity will result in higher PSNR
values. The PSNR is calculated frame by frame using
the MSE given by

r

MSE= 3 3 () -X (A )

rei=

where r and c represent the number of rows and
columns of image, respectively, and X,(i,j) and
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X, (i, j) represent the luminance of pixel (i, j) of orig-
inal and received frames, respectively. The PSNR is
evaluated using

®)

MAX
PSNR = 20log, < ! >

vVMSE

where MAX; represents the maximum value of pixel
intensity. For the videos in consideration, MAX; =
255.

The SSIM was developed based on the human
psycho-visual system to detect some human percepti-
ble video disruptions [25]. To address this problem,
SSIM combines luminance, contrast, and structural
similarity of the images to compare the correlation be-
tween the original image and the received one [21].
The test result is a number between 0 and 1 that rep-
resents the video quality. Quality evaluation of SSIM
has proved superior to PSNR in some ways [22].

The assessment of quality in the experiments used
both methods, PSNR and SSIM. The evaluation was
performed with EvalVid tool [17], with modifications
to adapt to the problem. Table 2 shows the mapping
between MOS, PSNR, and SSIM, and it is a good ref-
erence to understand how the variation of PSNR and
SSIM impairs the quality perceived by users.

3.4 Simulation Results

Figure 6 shows the quality evaluation using SSIM
of videos Highway, Coastguard, News, SW1, SW2,
SW3, SL, and JP. The results using the proposed
method are marked as “shaped”. Tables 3 and 4
present the values of quality evaluation using PSNR
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Figure 6: Simulation of video streaming encoded with MPEG-4 part 10 using the video News as background traffic
for (a) Highway, (b) Coastguard, (c) News, (d) SW1, (e) SW2, (f) SW3, (g) SL, and (h) JP.
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Table 2: Mapping between PSNR, SSIM and MOS compiled from [17] and [25]

PSNR SSIM MOS Meaning
PSNR > 37dB SSIM > 0.995 5 Excellent
31dB < PSNR <37dB 0.99375 < SSIM < 0.995 4 Good
25dB < PSNR < 31dB 0.965 < SSIM < 0.99375 3 Fair
20dB < PSNR < 25dB 0.875 < SSIM < 0.965 2 Poor
PSNR < 20dB SSIM < 0.875 1 Bad

and SSIM, respectively. The graphs also show a hori-
zontal dashed line indicating that the threshold of the
SSIM metric for equivalent quality of MOS was equal
to 3. All videos and movie snippets were encoded
with H.264/AVC, with GOP length of 12 frames. In
this test, we used a background traffic consisting of a
video streaming. The video News was used to produce
the background traffic. To avoid synchronization, the
starting time of transmission was chosen randomly be-
tween 0 and 1/25 seconds. It was observed that as
the level of utilization increases the viewer-perceived
quality reduces. The use of the proposed method re-
sult in a good quality even at higher utilization lev-
els. This behavior was observed in all videos. How-
ever, the level of utilization where degradation starts
was different in each case. This happened because the
videos had different patterns of movement.

Table 5 shows the quality evaluation using SSIM
for video streaming encoded with MPEG-4 part 2
using as background traffic a file transfer over TCP
(Transmission Control Protocol), at several utilization
levels, for videos Coastguard, Highway, and News.
The videos under test were encoded with GOP lengths
of 8, 12, 18, and 30 frames. Table 6 shows the corre-
sponding quality evaluation using PSNR. In this test,
the quality was evaluated by comparing the raw video
in YUV format with the received video. The TCP is
a friendly protocol, with its congestion control mech-
anism reducing the data transmission rate according
to network conditions. Congestion control uses TCP
Reno [8], which is one of the most used TCP imple-
mentations. Although friendly, it is expected that the
background TCP traffic impairs the video quality due
to variation in delay caused by TCP. The results show
that the use of the proposed method benefits the qua-
lity of video streaming in all cases. It is also impor-
tant to note that the algorithm benefited the quality of
all GOP lengths in the study, that is, the variation of
GOP does not affect significantly the performance of
the proposed method.

Table 7 shows the quality evaluation using SSIM
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for video streaming encoded with H.264/AVC using
as background traffic a file transfer over TCP (Trans-
mission Control Protocol), at several utilization levels,
for videos Coastguard, Highway, and News. Table
8 shows the corresponding quality evaluation using
PSNR. In this test, the quality was evaluated by com-
paring the raw video in YUV format with the received
video. The videos were encoded with GOP lengths
of 8, 12, 18, and 30 frames. The video News was
used to produce the background traffic. The results
show a modest increase in quality using the proposed
method. Comparing these results with videos encoded
with MPEG-4 part 2, it is observed that quality degra-
dation starts at lower utilization levels. In this case,
the GOP length does not affect the performance of the
proposed method.

Table 9 shows the quality evaluation using SSIM
for video streaming encoded with H.264/AVC using
as background traffic a video streaming, at several uti-
lization levels, for videos Coastguard, Highway, and
News. The videos were encoded with GOP lengths of
8, 12, 18, and 30 frames. Table 10 shows the corre-
sponding quality evaluation using PSNR. In this test,
the quality was evaluated by comparing the raw video
in YUV format with the received video. The video
News was used to produce the background traffic.
To avoid synchronization, the starting time of trans-
mission was chosen randomly between O and 1/25
seconds. The utilization was evaluated using the ra-
tio of the average video data rate and link data rate.
The results show that the use of the proposed method
greatly benefits the quality of video streaming in all
cases. In this case, the bottleneck bandwidth is al-
most twice the bandwidth of corresponding simula-
tion with FTP/TCP background traffic. Because of
this, the quality degradation starts at higher utiliza-
tion levels. However, the proposed method greatly im-
proves the quality of video streaming in this case. As
in the previous tests, the GOP length does not seem
to have an important role in the performance of the
proposed method.
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Table 3: Evaluation of PSNR (dB) for video background traffic using MPEG-4 part10.

without shaping
Utilization || 0.1 02 03 04 05 06 07 08 09
Video | GOP
JP 12 472 464 476 480 37.6 359 210 184 10.6
SL 12 417 409 41.0 37.1 354 325 264 21.6 215
SW1 | 12 454 454 46.0 260 119 139 115 114 13.1
SW2 | 12 469 46.7 473 478 324 145 149 157 184
SW3 | 12 46.5 46.6 462 385 34.0 30.0 28.0 20.7 20.0
proposed method
Utilization || 0.1 02 03 04 05 06 07 08 09
Video | GOP
JP 12 472 464 476 476 476 36.6 365 283 259
SL 12 4177 409 41.0 410 364 326 322 297 239
SW1 | 12 454 454 460 460 374 29.2 259 264 209
SW2 | 12 469 46.7 473 473 384 322 138 155 264
SW3 | 12 46.5 46.6 46.2 462 394 362 344 321 240

Table 4: Evaluation of SSIM for video background traffic using MPEG-4 part10.

without shaping
Utilization 01 02 03 04 05 06 07 08 09
Video | GOP
JP 12 0.98 098 098 098 098 097 0.84 0.74 0.21
SL 12 098 098 098 096 096 094 086 0.77 0.70
SW1 | 12 098 098 098 094 0.76 0.73 0.65 0.54 0.51
SwW2 | 12 098 098 098 099 097 0.51 053 0.64 0.74
SW3 | 12 0.98 098 098 097 097 095 093 0.78 0.69
proposed method
Utilization 01 02 03 04 05 06 07 08 09
Video | GOP
JP 12 098 098 098 098 098 098 097 094 091
SL 12 0.98 098 098 098 096 0.92 091 0.87 0.80
SW1 | 12 098 098 098 098 098 096 095 095 0.89
Sw2 | 12 0.98 098 098 098 099 097 059 059 0.63
SW3 | 12 0.99 098 098 098 098 098 097 097 0.89
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Table 5: Evaluation of SSIM for TCP/FTP background traffic using MPEG-4 part2.

without shaping

Utilization 01 02 03 04 05 06 07 08 09
Video GOP

8 099 099 099 0.99 099 099 0.99 0.76 0.28

12 0.99 0.99 0.99 0.99 099 099 099 0.63 0.27

Coastguard | 18 0.99 099 099 0.99 099 099 099 0.55 0.26

30 0.99 0.99 0.99 0.99 099 099 099 057 0.28

8 0.97 097 097 097 097 095 094 0.87 0.61

12 097 097 097 097 097 095 092 0.86 0.61

Highway 18 0.97 097 097 097 097 095 091 0.85 0.61

30 097 097 097 097 097 093 090 0.84 0.61

8 099 099 099 0.99 099 099 0.90 0.70 0.73

12 0.99 0.99 0.99 0.99 099 094 0.75 0.70 0.74

News 18 0.99 099 099 0.99 099 091 0.69 0.71 0.74

30 0.99 0.99 0.99 099 098 091 0.64 0.66 0.73

without shaping

Utilization 01 02 03 04 05 06 07 08 09
Video GOP

8 099 099 099 0.99 099 099 0.99 099 0.33

12 0.99 099 099 0.99 099 099 0.99 099 0.36

Coastguard | 18 0.99 099 099 0.99 099 099 099 099 0.32

30 0.99 099 099 0.99 099 099 0.99 0.99 0.36

8 097 097 097 097 097 097 097 091 0.62

12 0.97 097 0.97 097 097 097 097 091 0.62

Highway 18 097 097 097 097 097 097 097 090 0.58

30 0.97 097 097 097 097 097 097 090 0.59

8 0.99 0.99 0.99 0.99 0.99 099 092 0.74 0.74

12 099 099 099 0.99 099 099 0.80 0.73 0.75

News 18 0.99 0.99 0.99 0.99 0.99 098 0.80 0.74 0.75

30 099 099 099 0.99 099 093 0.76 0.67 0.75
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Table 6: Evaluation of PSNR (dB) for TCP/FTP background traffic using MPEG-4 part2.

without shaping

Utilization 01 02 03 04 05 06 07 08 09
Video GOP

8 412 412 412 412 412 412 412 244 15.6

12 41.1 41.1 41.1 41.1 41.1 41.1 41.1 20.1 155

Coastguard | 18 410 410 410 410 41.0 41.0 41.0 18.0 155

30 41.0 41.0 41.0 41.0 410 41.0 41.0 19.0 155

8 42,6 426 42.6 426 426 35.1 330 262 18.0

12 425 425 425 425 417 350 303 252 18.0

Highway 18 425 425 425 425 424 341 275 237 178

30 425 425 425 425 417 323 254 234 18.0

8 439 439 439 439 439 439 238 183 189

12 4377 4377 437 437 437 27.6 19.6 18.1 193

News 18 4377 4377 4377 437 437 24.0 190 18.6 193

30 43.6 436 43.6 43.6 357 244 180 184 19.0

proposed method

Utilization 01 02 03 04 05 06 07 08 09
Video GOP

8 412 412 412 412 412 412 412 412 157

12 41.1 41.1 41.1 41.1 41.1 41.1 41.1 41.1 16.0

Coastguard | 18 410 410 410 410 41.0 41.0 41.0 41.0 157

30 41.0 41.0 41.0 41.0 41.0 41.0 41.0 41.0 16.0

8 42,6 426 42.6 426 426 42.6 426 28.8 18.0

12 425 425 425 425 425 425 425 283 179

Highway 18 425 425 425 425 425 425 425 27.6 173

30 425 425 425 425 425 425 425 275 17.6

8 439 439 439 439 439 439 265 192 194

12 437 4377 437 437 437 437 203 18.8 195

News 18 4377 4377 4377 437 437 348 195 19.2 195

30 43.6 436 43.6 43.6 436 268 188 182 195
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Table 7: Evaluation of SSIM for TCP/FTP background traffic using MPEG-4 part10.

without shaping

Utilization 01 02 03 04 05 06 07 08 09
Video GOP

8 098 098 098 0.60 042 042 042 042 042

12 098 098 0.65 043 042 042 042 042 041

Coastguard | 18 098 098 048 043 043 043 043 042 041

30 098 0.71 0.46 045 044 043 042 041 041

8 095 095 093 0.85 0.68 0.61 0.59 0.59 0.59

12 095 095 090 0.80 0.64 0.59 0.59 0.59 0.59

Highway 18 095 095 091 0.74 0.62 0.59 0.58 0.58 0.58

30 095 095 086 0.69 057 0.58 0.57 057 0.57

8 098 098 098 0.60 042 042 042 042 042

12 098 098 0.65 043 042 042 042 042 041

News 18 098 098 048 043 043 043 043 042 041

30 098 0.71 0.46 045 044 043 042 041 041

proposed method

Utilization 01 02 03 04 05 06 07 08 09
Video GOP

8 098 098 098 0.59 042 041 041 041 042

12 098 098 0.74 045 042 042 042 043 041

Coastguard | 18 098 098 0.58 043 043 043 043 043 041

30 098 0.84 047 045 044 043 042 041 041

8 095 095 095 095 0.72 0.59 0.59 0.59 0.59

12 095 095 095 092 0.67 0.59 0.59 059 0.59

Highway 18 095 095 095 0.87 0.60 0.58 0.58 0.58 0.58

30 095 095 095 0.72 056 0.57 0.57 057 0.57

8 098 098 098 0.59 042 041 041 041 042

12 098 098 0.74 045 042 042 042 043 041

News 18 098 098 0.58 0.43 043 043 043 043 041

30 098 098 0.58 043 043 043 043 043 041
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Table 8: Evaluation of PSNR (dB) for TCP/FTP background traffic using MPEG-4 part10.
without shaping

Utilization 01 02 03 04 05 06 07 08 09
Video GOP
8 352 352 352 352 17.8 13.7 13.8 139 139
12 35.1 351 351 351 155 134 132 132 132
Coastguard | 18 35.1 35.1 351 351 155 134 132 132 132
30 350 35.1 351 351 115 122 122 122 122
8 352 352 352 352 17.8 13.7 138 139 139
12 35.1 35.1 351 351 155 134 132 132 132
Highway 18 35.1 351 351 351 155 134 132 132 132
30 35.1 35.1 351 351 115 122 122 122 122
8 39.6 396 396 133 113 11.3 113 113 114
12 39.8 398 139 115 113 113 11.3 114 113

News 18 40.0 400 119 115 115 115 115 116 114
30 40.2 155 11.6 11.6 116 115 114 114 113
proposed method
Utilization 01 02 03 04 05 06 07 08 09
Video GOP

8 352 352 352 352 352 137 138 139 139
12 35.1 35.1 35.1 35.1 241 119 132 132 132
Coastguard | 18 35.1 35.1 351 351 127 121 12,6 126 12.6
30 35.1 35.1 35.1 351 148 122 122 122 122
8 352 352 352 352 352 137 13.8 139 139
12 35.1 35.1 351 351 241 119 132 132 132
Highway 18 35.1 35.1 35.1 351 127 121 12.6 12.6 12.6
30 351 35.1 35.1 351 148 122 122 122 122
8 39.6 396 396 134 113 113 113 11.3 113
12 39.8 39.8 168 119 113 113 113 11.6 114
News 18 40.0 400 134 115 115 115 117 11.7 114
30 40.2 206 120 11.6 11.6 115 115 115 11.3
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Table 9: Evaluation of SSIM for video background traffic using MPEG-4 part10.
without shaping

Utilization 01 02 03 04 05 06 07 08 09 095
Video GOP
8 095 095 095 095 095 095 095 095 095 0.63
12 || 0.95 095 095 095 095 095 095 095 095 0.64
Coastguard | 18 || 0.95 095 095 095 095 095 095 095 0.83 -
30 || 095 095 095 095 095 095 095 095 091 -
8 095 095 095 095 094 093 092 0.89 0.87 -
12 |1 095 095 095 095 094 093 090 094 0.86 -
Highway 18 || 095 095 095 095 094 093 091 0.88 0.84 -
30 || 095 095 095 095 093 091 0.89 0.86 0.85 -
8 098 0.98 098 098 098 098 098 098 095 -
12 || 098 098 098 098 098 098 098 096 091 -

News 18 || 098 0.98 098 098 098 0.98 098 0.96 0.81 -
30 (| 098 0.98 098 0.98 098 0.98 095 0.77 0.70 -
proposed method
Utilization 01 02 03 04 05 06 07 08 09 095
Video GOP

8 095 095 095 095 095 095 095 095 0.95 0.95
12 |1 0.95 095 095 095 095 095 095 095 095 0.95
Coastguard | 18 095 095 095 095 095 095 095 095 095 -
30 || 095 095 095 095 095 095 095 095 095 -
8 095 095 095 095 095 095 095 095 095 -
12 || 095 095 095 095 095 095 095 095 095 -
Highway 18 095 095 095 095 095 095 095 095 094 -
30 || 095 095 095 095 095 095 095 095 094 -
8 098 098 098 098 098 098 098 098 098 -
12 || 098 098 098 098 098 098 098 097 096 -
News 18 098 098 098 098 0.98 097 097 097 095 -
30 || 098 098 098 098 098 098 098 095 0.84 -
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Table 10: Evaluation of PSNR (dB) for video background traffic using MPEG-4 part10.
without shaping

Utilization 0.1 02 03 04 05 06 07 08 09 0095
Video GOP
8 35.2 352 352 352 352 352 352 352 352 184
12 |} 35.1 35.1 35.1 35.1 35.1 35.1 35.1 35.1 35.1 17.6
Coastguard | 18 || 35.1 35.1 35.1 35.1 35.1 35.1 35.1 35.1 270 -
30 || 35.1 35.1 35.1 35.1 35.1 35.1 35.1 35.1 220 -
8 38.6 38.6 38.6 38.6 29.0 259 222 19.8 17.8 -
12 || 38.7 38.7 38.7 38.7 27.7 262 21.8 20.5 17.7 -
Highway 18 38.7 38.7 38.7 38.7 28.0 229 23.0 20.3 175 -
30 || 38.7 38.7 38.7 38.7 26.1 220 202 17.0 16.7 -
8 39.6 39.6 39.6 39.6 39.6 39.6 39.6 39.6 255 -
12 || 39.8 39.8 39.8 39.8 39.8 39.8 39.8 25.0 209 -
News 18 || 40.0 40.0 40.0 40.0 40.0 40.0 40.0 239 169 -
30 || 40.2 40.2 40.2 40.2 402 40.2 24.0 16.8 149 -

proposed method

Utilization 01 02 03 04 05 06 07 08 09 095
Video GOP
8 35.2 352 35.2 352 352 352 352 352 352 352
12 || 35.1 35.1 35.1 35.1 35.1 35.1 35.1 35.1 35.1 35.1
Coastguard | 18 || 35.1 35.1 35.1 35.1 35.1 351 351 351 351 -
30 || 35.1 35.1 35.1 35.1 35.1 35.1 35.1 35.1 351 -
8 38.6 38.6 38.6 38.6 38.6 38.6 38.6 38.6 38.62-
12 || 38.7 38.7 38.7 38.7 38.7 38.7 38.7 38.7 38.66 -
Highway 18 || 38.7 38.7 38.7 38.7 38.7 38.7 38.7 38.7 32.18 -
30 || 38.7 38.7 38.7 38.7 38.7 38.7 38.7 38.7 32.03-
8 39.8 39.8 39.8 39.8 39.8 39.5 39.5 395 395 -
12 | 39.8 39.8 39.8 39.8 39.8 39.8 35.6 33.7 312 -
News 18 || 40.0 40.0 40.0 40.0 40.0 33.0 33.1 320 272 -
30 || 40.2 40.2 40.2 40.2 40.2 40.2 40.2 28.1 189 -
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4 Conclusions

In this paper, we propose the use of traffic shap-
ing to mitigate the effects of network impairments in
viewer’s perceived quality of video streaming over IP
networks. The shaping method used was the token
bucket algorithm. The setting of bucket size was per-
formed according to a proposed heuristic, which is
based on the characteristics of the encoded video.

The improvement in viewer’s perceived video
quality is demonstrated through computer simulations
by comparing SSIM and PSNR of the original im-
age with the received one. The results show that the
proposed approach effectively improves the perceived
quality, mainly in situations of higher levels of link
utilization. The results also show that videos encoded
with H.264/AVC are more affected by background
traffic as compared to videos encoded with MPEG-4
part 2.

The video background traffic was more harmful
to the user’s perceived quality than the TCP back-
ground traffic. This was expected because the trans-
mission of streaming video is performed using the
UDP protocol, which is not user friendly in terms of
the congestion control. When the proposed method is
applied in the concurrent transmission of two videos,
a significant improvement in the perceived quality was
observed.

The proposed method is simpler to implement
as compared to existing methods. Moreover, due to
the availability of token bucket algorithm in routers
and servers, it is not necessary to perform additional
changes in server/routers, and the proposed method
can be immediately made available for implementa-
tion.
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