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Abstract—A business model for video transmission services One problem that arises in the Internet network is conges-
is proposed that uses the Dynamic Adaptation Streaming over tion. In order to minimize these problems, several congesti
HTTP (DASH) mechanism using different versions of the same ool mechanisms for TCP are implemented. Hence, there

video. These video versions are encoded using different pa- re man tudi iming to imorove it rforman
rameters, such as spatial resolution or number of frames per are many studies a g to prove Its periormance, as

second. The transmission of each video version depends on thePresented in [4]-[6].
capabilities of the network at the end user point. The business  These algorithms can reduce the impairments but none of

model proposed considers different costs for each version of v them solves the problem when TCP detects packet losses.
fragments transmitted. The costs of video resolution upgrade & The algorithm reduces the congestion window size and, con-

predefined by the service provider and used during the video .
streaming. Also, in this model, the user can either accept or sequently, the TCP transfer rate decreases. If this new rate

reject an upgrade. Subjective tests were performed using diérent IS smaller than playback rate, the device’ player takeshall t
spatial resolutions of the same video, in which the interest level buffer information and after that it will enter it into a refber-

of users to perform a video upgrade is evaluated. Furthermore, ing process. During this rebuffering period, no informatio

the network architecture of the proposed solution is presented ;. 4; ; ; ) :
and the technical feasibility to deploy the proposed solution in Exﬁgﬁéiizd(gll)thls causes degradation of users’ Quality o

commercial networks is shown. As a consequence, the proposed ) .
solution can improve the earnings of the video service provider. ~ Different players, such as the open source Adobe Dynamic

Keywords-Video Streaming: DASH: Businees Model: Video S_treamlng [7_], Microsoft Smooth Streaming [8], Apple HTTP
Quality: QoE; MOS. L|ve_Stream|ng [9], as well as the playe_rs developed _by
Netflix, and others, use the DASH technique. In adaptive
| INTRODUCTION streaming, the video server mai_ntains different versiphs_o
the same video, encoded in different bitrates considering
Nowadays, there are several types of video services appipatial and temporal configurations. Also, the video to be
cations over IP networks. In this context, video streamingansmitted is partitioned into fragments. Then, the ¢ligan
services over the Internet have gained popularity, such asquest different video fragments at different encodiricabes,
YouTube [1], Dailymotion [2] among others. This is one otonsidering the network conditions or the users’ QoE.
the reasons why the traffic estimated for video on Internet, Subjective tests are relevant to quantify the human percep-
excluding shared files and games, will reach 61% of the tot#dn on the quality of voice and video services. As a result,
Internet traffic in 2015 [3]. we obtain an index value known as Mean Opinion Score
It is worth noting that, depending on the requirements ¢MOS), which is the mean of the scores granted by at least 15
video applications and the information to be transmitted, suibjects. Furthermore, providers improve their servicset
specific transport protocol can be used. The User Datagram subjective test results [10].
protocol (UDP) is not a connection oriented protocol and The most important contribution of this paper is to introgluc
therefore the data is not guaranteed to reach its destmatia new business model for video streaming service using the
it is generally used for real-time services such as VOIBASH approach. A test scenario was implemented, in which
some video services or applications of simple requestresp a video streaming service using DASH was complemented
e.g., Domain Name System (DNS). The Transmission Contseith a billing system. Different resolutions of the sameeadd
Protocol (TCP) is a connection-oriented mechanism, therelvere stored on the video server for testing purposes. Stigec
ensuring that data arrives correctly and in the right order. tests were conducted in a laboratory environment. The dgoal o
Most of the video streaming applications run over Hythese test was to evaluate the users’ interest in accepting t
perText Transfer Protocol (HTTP) which uses TCP as thleggested video upgrade. Results show that the majority of
transport protocol. This is because communication sesvicesal users are motivated to improve their QoE watching bette
based on UDP are in some cases intercepted and blockedtial resolutions. Additionally, each video version cfea
by firewalls or Network Address Translation (NATSs), for thigesolution) has an identifier (id). For commercial purposes
reason, UDP is rarely offered for this type of service. these identifiers are associated with a predefined cost,hend t
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upgrade cost is the difference between the cost of two videb the evaluation algorithm, and these categories are the
versions. following [15]:

In this context, the remainder of this paper is structured, Media Layer models use either the voice signal or video
as follows. Section Il presents the Methods to assess Video as an input to estimate the Signa| qua"ty that determines

Quality considering subjective and objective methodasgi the end-user QoE. For this method is not necessary to
Section Il shows the DASH messages and main character- know the network parameters.

istics. Section IV introduces the Proposed Business Model, parametric packet-layer models do not consider the total
for video streaming services. Section V presents the sult  information content in the packets transmitted. They

indicating the users’ interest in performing the upgrade: the consider only the headers to estimate the video signal
main functionalities of the proposed solution. Finallycen quality
VI presents the conclusions. « Planning packet-layer models. In order to perform the

estimation quality using this method, prior knowledge of
_ - o network parameters is required. This method can help the
Video evaluation methods can be classified considering network administrator to optimize the network resources.

Il. VIDEO QUALITY ASSESSMENT

different criteria. The evaluation method can be classifigd A proper network planning helps to ensure a good quality
either using the score given by a subject or the score olataine  f services.
by an algorithm: . Bitstream-layer models consider the bit transmitted and,

« Objective: these methods use an algorithm or mathemati- therefore, also use the information used in the parametric
cal model to estimate the video impairments. The output packetlayer models.
of the algorithm could be expressed in different scales.« Hybrid models are methods that combine two or more of
The output of these methods are known as objective the models described above.

metrics. As shown above, there are different objective metrics for
« Subjective: based on the subject’s perception, who graigeo quality assessment, but most of them are not suitable f
a video quality score. video streaming over TCP, such as: Peak Signal-to-Noisie Rat
The subjective test methodologies and objective metries §PSNR), Mean Squared Error (MSE), Structural Similarity
described next. (SSIM) [16], and algorithms based on Region of Interest JRol
o i [17] or attentions maps [18, 19]. This reason is because they
A. Subjective Test Methodologies do not take into account intrinsic characteristics of pause
Subjective Methods have been used since the beginningn recent years, few studies have presented metrics based on
of video quality assessment, and are still valid. They atRe application layer parameters, such as the pause itytensi
described in Recommendation ITU-R BT.500-8-11 [11]. Thimetric introduced in [20] or Video Streaming Quality Metric
recommendation presents the number of tests and method@\esQM) presented in [21]. In this work, we use the VsQM
gies to correctly conduct the subjective test. The methoels ametric in our test scenario.
« Single Stimulus Continuous Quality Scale (SSCQE); The VsQM metric proposed in [21] was determined by the
« Double Stimulus Impairment Scale (DSIS); parameters: number of pauses, pauses length and weight of
« Double Stimulus Continuous Quality Scale (DSCQS); the temporal segment during which the pauses occur. These
The ITU-T Recommendation P.910 [12] describes methoB&rameters represent the netvvork Iayer_conditions.
of subjective evaluation of video in multimedia applicaso ~ 1he metricVsQM is defined by equation [21]
The methods presented in this recommendation are:

« Absolute category rating (ACR); k

Wix Nix*x Li

« Absolute category rating with hidden reference VsQM = Z# @
(ACRHRY); =t

« Degradation category rating (DCR); Where:

« Pair comparison method (PC). « N, is the number of pauses;

The description of both, conditions and procedures to pro-. L; is the average length of pauses, in seconds, that
duce a video reference is presented in ITU-T Recommendation happened in the same temporal segment;
P.930 [13]. A model to determine the quality of a video « W, is a weigh factor which represents the degree of
transmission using ITU-T P.910 is presented in [14], and its degradation that each segment adds to the total video
results show how the network variations affect the user&.Qo degradation;

o _ o T; is the time period in seconds of each segment, and

B. Objective Metrics « k is the number of temporal segments of a video.

There are different criteria to classify the video quality
assessment methods, and they are treated in this sectien. Th
ITU defines different categories for the objective methods Currently, video streaming services do not use any mech-
depending on the type of information considered as the inpatism based on IP networks conditions to improve the QoE.

IIl. VIDEO STREAMING SERVICE AND DASH
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End user devices are implemented with adaptive video pdayer IV. THE BUSINESSMODEL PROPOSAL

that use rate adaptation algorithms to minimize the network|, order to propose a business model for video streaming
problems. However, in some cases, this is not enough. dgnice, this paper takes into account the DASH technigbe. T
this arena, adaptive streaming plays an important role %o,n0sa] methodology assigns an index value to each version
improve the user QOE [22]. DASH optimizes and adapts thg the same video available in the server. Every video fragme

video characteristics during the video transmission @kmo o pe jdentified, and a specific cost can be associated to each
account the network conditions at end user point. Thus, DASfl’égment.

is able to switch from one video fragment to another; theide riqre 2 introduces the solution architecture of the bussine

fragment length is usually between two to ten seconds [23hyde| proposed for streaming video service using DASH. As

Figure 1 shows the messages sent between the client and vigg@icted in this figure, there are four different versions8(&

server during a DASH process. and D) of the same video. Also, each video fragment is named
as FXi. Where, X represents de video version, ands the
fragment number.

Server Client
HTTP GET
HTTP GET
MPD Fil MPD File
e
] HTTP GET-F tA(FA
HTTP GET — Fragment 1 of type O Video Server it
Fragment 1 of type Q1 AT Tl Fragment MFAY
: — L HTTP GET - Fragment B (FB
B‘ i i 3m1i| Fragment B (FB 1)
HTTP GET - Fragment i of type Qn c 1
Fragment i of type Qn) . Client
r f\w -
D 01 f N
Ko
Fig. 1. Messages sent in DASH
. . Charging Module ‘ RDA ‘ VaM ‘
The DASH technique presents new challenges and busin
opportunities for video service providers, telecommutiica User X
companies and device developers. Additionally, the resea kot
on both video and voice quality metrics are very importan * Timestampm fAm  Cost A
. . . . Timestampn fBn CostB
because the adaptive algorithms will choose the video frs Tinestaeps, 6 Costis
ment based on these metrics. Timestampp O CostD

The procedure of video streaming over IP network using
DASH is described as follows. First, different charactess Fig. 2. Architecture of the Business Model for Video Streagnising DASH
of the same video are generated and stored on the video.server
These V|deo_ characteristics can be_, for _example,.the resiolu _ From Figure 2, a charging module connected directly with
in both spatial and temporal domain, video quality and audjfg \;ijeq server can be observed. In this module, the infor-
quality. As a second step, each V'O_Ie(_) IS qulcally dividet in mation sent to the client, regarding all the video fragments
several fragments; each fragment is identify by a Metadata;§ gyqreq and processed. Later, this information needs to be
the file header. Thus, the client accesses a specific fragmgR assed in the billing system of the service provider, and
considering its characteristics. finally, charged to the user's account.

Later, the client sends a HTTP request to the video serverThe VQM module represents the video quality assessment
ready to attend client requirements. The video serversstametric, which is implemented at the application layer, drid i
the communication sending a DASH-capable video player based on the VsQM [21]. In order to estimate the user’'s QoE,
the web browser of the client. If an adaptation algorithm ihis metric takes in consideration the different buffertista
implemented in the player, this algorithm returns a qualitfinitial buffering, playing and rebuffering status) in thser’s
metric, which is used to send a new request (standard HTdEvice player. The rebuffering statuses are directly eelatith
GET). Thus, the player requires a video fragment that maghge number of pauses and their duration. Then, if the number
the quality level obtained by the metric. All these steps asnd duration of pauses increase during a specific period of
performed continuously during the video streaming withodime, the user's QoE decreases. Further detail about VsQM
any user’s action. metric is provided in Section 2.
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TABLE |

The module named RDA represents the video Resolution SCALE USED IN SUBJECTIVE TESTS

Determination Algorithm that, based on the VQM metric,
sends a request for the most appropriated video quality frag
ment. To perform this action, RDA needs the information
contained in the Multimedia Protocol Description (MDP) file 1

Some additional considerations about the proposed solutio
are described below:

« When the RDA module determines that a better video
resolution can be received, it sends a message request

(HTTP GET - Fragment Ai). The applications running in,,qrade cost is sent to the user screen. If the user accepts th
the video server send the video fragment required (Fragsgrade cost, the charging module of Figure 2 starts rengrdi
ment Ai), and also sends a message with the informatigfy,” hew resolution.
regarding the upgrade costs. The global subjective test results of video resolution apgr

« The new video resolution is displayed on the useriSiantion are presented in Table II.
device for a time period. This period is programmable,
for example, 1 or 3 minutes. TABLE II

« The user is free to accept or reject the proposed upgrade. GLOBAL RESU;;?&Z?FS&%%EX‘;;ESTS ON VIDEO
Furthermore, there is an option to require not to receive

Interest on video
resolution upgrade
| am sure | have no interest
2 Not right now, maybe later
3 | have interest
4 | am very interested

Grading
Value

this type of suggestion again. Upgrade | Score
« If the user accepts the proposed upgrade, the billing Scenario| (Mean)
module saves the time and the video type transmitted. A-B 291
« Another input could be used for the RDA module; this B-C 213
new input is related to the networks parameters, such A-C 330

as bandwidth, throughput among others, and is currently

under investigation. _ Table Ill presents the subjective test results in more Hetai
e« There are other commercial elements that need to f?ﬁ‘iicating the number of votes for each option.

included in the business model, such as content providers

and network providers. TABLE Il
RESULTS OF SUBJECTIVE TESTS ON VIDEO RESOLUTION
V. TEST SCENARIO AND RESULTS UPGRADE
. In order to Qetermiqe h.ow the user reacts against a change[ifscale T Upgrade A-B Upgrade B-C Upgrade A-C

video resolution, subjective assessment tests were peathr (number of votes)| (number of votes)| (number of votes)
regarding the user’s intention to perform an upgrade. Itigho 1 3 ! 2

Lo : 2 5 9 5
be clear that the objective of these tests is not to assess thes 5 7 5
monetary cost of the upgrade, but the degree of user’s siterg 2 g 3 10

in performing the video resolution upgrade.

Considering the architecture of Figure 2, tests were per-it can be concluded from the results that users have more
formed using only three categories of video resolution,clvhi interest in performing the upgrade; when they are watching
were previously stored in the video server. These categare the smallest resolution and the possibility to watch thdady
resolution A (A), resolution B (B) and resolution C (C), wher resolution appears. Thus, for example, upgrade scenario "A
A is the lowest resolution, B is the intermediate resolutmil  C” reached the highest score. Also, Table Il allows obseyvin
C is the highest resolution. that in all upgrade cases, the mean score is higher thans2; thi

We used the following video quality upgrade scenariofgct indicates that many users intend to accept the upgrade.
from A to B, B to C, and A to C. Each upgrade scenario was

evaluated using a score into a four-point scale, in whichiesco V1. CONCLUSIONS ANDFUTURE WORK
one represents that user has no interest. Score four reggese The DASH technique permits deploy different solutions,
the case in which the user is very interested in performieg tsuch as the business model proposed for video streaming
upgrade. services. The network architecture of the solution progose
The scale used in the subjective test is presented in Tablenly adds the charging module to the DASH architecture.
Carrying out subjective tests involved 23 volunteers whigor this reason, the deployment in commercial networks over
are economically independent, for example, they do not nelelernet or cellular networks is feasible. The implemenotat
a third person’s authorization to make a payment. Additigna of the solution does not represent great costs, and theitathn
none of them have any sight problem. deployment is not complicated.
It is considered that the new resolution video (for example, In the solution proposed, the user is free to accept or reject
resolution B, in the case of an upgrade of type A - B) ithe video resolution upgrade offered. Thus, the user has the
shown for a period of time, i.e., one minute, and in paralled, control and takes the decision.

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-279-0 70



AICT 2013 : The Ninth Advanced International Conference on Telecommunications

Results of subjective tests show that real users are itéereq7] Adobe, HTTP Dynamic Srreaming on the Adobe Flash Platform,
in performing an upgrade, and they can accept to pay a http: //www.adobe.conVproducts/httpdynamicstreaming. Retrieved Apr. 18,
bit more for the spatial resolution upgrades. Thus, vidgg wicrosoft, Smooth Sreaming technical overview.
streaming service providers using the business model peabo[9] Apple, HTTP Live Sreaming., http://devel oper.apple.com/resources/http-
can increase their income due to the different video rates. __sireaming. Retrieved Apr. 18, 2013.

. . . . . 10] H-J. Park and D-H. HaiSubjective Image Quality Assessment based on
This work shows that video quality metrics play an |mpor[- Objective Image Quality Measurement Factors, IEEE Trans. Consumer

tant role in video streaming services, because their esalt Electron., Vol. 57, no. 3, pp. 1176-1184, Aug. 2011.

be used in different solutions in order to improve the userll ITU-R Recommendation BT.500-1Methodology for the Subjective
E Assessment of the Quality of Television Pictures.

QoE. . o . [12] ITU-T Recommendation-P.9108ubjective Video Quality Assessment
As future work, conducting subjective tests using more Methods for Multimedia Applications, Geneva, Sep. 1999.

spatial resolution of the same video as test material dfgl ITU-T Recommendation-P.93(rinciples of a reference impairment

. . S system for video, Geneva, Sep. 1996.
prOpOSEd- and also different video contents. Also, videitis W[14] ITU-T Recommendation-P.93Multimedia communications delay, syn-

different temporal resolutions will be included in the test chronization and frame rate measurement, Geneva, Nov. 1998.

material. Additionally, to have statistically valid retslthe [15] A. Takahashi, D. Hands, and V. BarriaBandardization activities in

. . the ITU for a QoE assessment of IPTV. IEEE Commun. Mag., Vol. 46,
number of volunteers to perform the test will be increased. 5 5 bp. 78, Feb. 2008.

[16] A.Wang, and C. Bovik, and H. Sheikhmage Quality Assessment: From

ACKNOWLEDGMENTS Error Misibility to Sructural Smilarity. IEEE Transactions on Image
; Processing, Vol. 13, no. 4, pp. 600-612, Apr. 2004.
The authors thank the Laboratory of Computer ArchltectuE%] i Kwon’gH_ Han 5. Lee. 5\7 Choi, and Bf’ Kanigew Video Enhance
and Networks (LARC) at University of & Paulo for the ment Preprocessor Using the Region-Of-Interest for the Videoconferenc-

motivation to research in the area of Computer and Telecom- ing. IEEE Trans. Consumer Electron., Vol. 56, no. 4, pp. 26441266v.

munication Systems. This work was supported by FAPE?fé]zg’.l%ou A Perkis, M. Gabbouj, and M. M. HannukseReroeptual

(Foundation for Researching Support didSPaulo -Brazil). quality assessment based on visual attention analysis, in Proc. ACM Int.
FAPESP project number: 2011/12724-8 Conf. Multimedia, Beijing, China, pp. 561-564, May 2009.
[19] A. K. Noorthy and A. C. Bovik,Visual importance pooling for image
REFERENCES quality assessment, IEEE J. Select. Topics Signal Processing, Vol. 3, no.

. ) 2, pp. 193-201, Apr. 2009.
[1] Youtube, available at http://www.youtube.com. Retrieved Apr. 15, 2013. [20] T. Porter and X. H. Pengin Objective Approach to Measuring Video

[2] Dailymotion, available at http://www.dailymotion.conv. Retrieved Apr. Playback Quality in Loss Networks using TCP, IEEE Communications
15, 2013. Letters, Vol. 15, no. 1, pp. 76 - 78, Jan. 2011.

[3] Cisco System, Visual Networking Index. White Paper. Jun. 2011. [21] D. Rodiiguez, J. Abrahio, D. Begazo, R. Rosa, and G. Bressamality

[4] O. Hiroki, H. Hisamatsu and H. NoboridDesign and Evaluation of Metric to Assess Video Streaming Service over TCP considering Temporal
Hybrid Congestion Control Mechanism for Video Streaming. 11th IEEE Location of Pauses, IEEE Transaction on Consumer Electronic, Vol. 58,
International Conference on Computer and Information Teldyyp2011. Issue: 3, pp. 985 - 992, Aug. 2012.

[5] H. Hisamatsu, G. Hasegawa, and M. Muralgn bandwidth-intrusve  [22] O. Oyman and S. SinghQuality of experience for HTTP adaptive
video streaming over TCP. Proceedings of 2011 Eighth International streaming service, IEEE Commun. Mag., Vol. 50, Issue:4, pp. 20 - 27,
Conference on Information Technology, pp. 78-83, Apr. 2011. Apr. 2012.

[6] L. Cai, X. Shen, J. Pan, and J.Mafkerformance analysis of TCP friendly [23] A. Begen, T. Akgul, and M. Baughek\atching video over the Web:
AIMD algorithms for multimedia applications. IEEE/ACM Transactions Part 1. Sreaming Protocols, IEEE Internet Computer, Vol. 15, Issue:2,
on Networking, pp. 339-355, Apr. 2005. pp. 54-63, Mar. 2011.

Copyright (c) IARIA, 2013.  ISBN: 978-1-61208-279-0 71



