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a b s t r a c t 

This paper presents a performance evaluation of the scalable video streaming over mobile ad hoc net- 

works. In particular, we focus on the rate-adaptive method for streaming scalable video (H.264/SVC). 

For effective adaptation a new cross-layer routing protocol is introduced. This protocol provides an ef- 

ficient algorithm for available bandwidth estimation. With this information, the video source adjusts its 

bit rate during the video transmission according to the network state. We also propose a free simula- 

tion framework that supports evaluation studies for scalable video streaming. The simulation experiments 

performed in this study involve the transmission of SVC streams with Medium Grain Scalability (MGS) 

as well as temporal scalability over different network scenarios. The results reveal that the rate-adaptive 

strategy helps avoid or reduce the congestion in MANETs obtaining a better quality in the received videos. 

Additionally, an actual ad hoc network was implemented using embedded devices (Raspberry Pi) in or- 

der to assess the performance of the proposed adaptive transmission mechanism in a real environment. 

Additional experiments were carried out prior to the implementation with the aim of characterizing the 

wireless medium and packet loss profile. Finally, the proposed approach shows an important reduction 

in energy consumption, as the study revealed. 

© 2016 Elsevier B.V. All rights reserved. 
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. Introduction 

The continuous increases in processing capabilities of wireless

evices, as well as the improvements in energy efficiency, have

otivated a significant increase in the transmission of multime-

ia content for video on demand services, such as YouTube or

imeo. Because of this, the development of new network tech-

ologies to improve video streaming over wireless networks has

ad a growing interest. Among the different types of wireless net-

orks, it is expected that Mobile Ad hoc Networks (MANET) will

e widely used in the near future, in various settings and under

ifferent paradigms [1] . MANETs consists of mobile nodes that are

onnected via wireless links without using an existing network in-

rastructure. Therefore, each node has to rely on others to com-

unicate with other nodes outside its transmission range, creating

he so-called multi-hop communication. However, the transmission

f video over these networks is not an easy task because of the

obility of the nodes and the fact that nodes cannot simultane-

usly access the shared medium. Moreover, if any rate-adaptive

echnique is considered during video transmission, received video
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ay suffer significant quality degradation. Hence, new schemes for

ore flexible and robust transmission should be apply. One possi-

ility is the use of scalable video coding (H.264/SVC, Scalable Video

oding) [2] . A video encoded using H.264/SVC standard is com-

osed of several layers (a base layer and one or more enhancement

ayers) that provide different levels of quality. With this layered

cheme we obtain: i) coded streams with greater robustness in en-

ironments with high packet loss and ii) the possibility of adapting

he video stream to the network conditions by removing or adding

nhancement layers. 

In this article, an evaluation of two schemes of scalable video

treaming over MANETs was performed. In the first scheme, video

s transmitted by means of maintaining a constant transmission

ate and sending the information of all layers. The other scheme

ncorporates an adaptive model in which the source of traffic elim-

nates layers from SVC stream in order to adapt to the available

andwidth. Two complementary tools for the study of SVC traf-

c over data networks are also proposed. On the one hand, a

ew routing protocol with inter-layer communication aims to esti-

ate and inform the source resources available on the network (in

erms of available bandwidth). Moreover, a new simulation frame-

ork called SVCEval-RA (SVC Evaluation platform for Rate-Adaptive

ideo) is exposed. This software tool simulates the transmission of

calable video over wireless networks. The results of the simula-

ions prove that the adaptive strategy prevents or helps to reduce

http://dx.doi.org/10.1016/j.adhoc.2016.07.007
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network congestion and packet loss. Therefore, transmitted videos

have been received with higher quality. Moreover, the design and

implementation of a real testbed is presented. This testbed has

been used for the experimental evaluation of the proposal in a real

environment. The testbed has been built using embedded devices

with wireless communications, specifically Raspberry Pi B + [3] .

The experiments have been conducted to assess the adaptive bi-

trate proposal in a multi-hop scenario. Finally, wireless cards have

been characterized regarding energy consumption taking into ac-

count the throughput achieved during the regular operation of data

transmission of the implemented node. 

The paper is organized as follows: Section 2 describes some re-

lated work. Section 3 presents a summary of the most important

aspects of adaptive scalable video streaming. Section 4 describes

the main features of the developed simulation platform. Section

5 gives a brief introduction of the QoS routing protocol used in

the studies. In Sections 6 and 7 , simulation environment and re-

sults are described respectively. Section 8 describes the testbed im-

plementation as well as the experiments carried out and the out-

comes obtained. Finally, in Section 9 some conclusions and future

lines of work are proposed. 

2. Related work 

Different SVC-based solutions have been recently proposed for

the video streaming. Famaey et al. [4] and Kalva et al. [5] discuss

the advantages of using SVC in adaptive video streaming over HTTP

versus single layer coding (AVC, Advanced Video Coding). Xiang et

al. [6] developed an algorithm for SVC flow adjustment for video

streaming over wireless networks using DASH (Dynamic Adaptive

Streaming over HTTP) [7] . 

However, HTTP is not the only alternative for video delivery us-

ing SVC. The flexibility and robustness of the layered scheme of

scalable video coding has motivated the development of several

proposals to integrate SVC with other network technologies. For

example, Sanna and Izquierdo [8] reported SVC video streaming

over peer-to-peer networks with network coding techniques, Alab-

dulkarim and Rikli [9] implement a solution for SVC video stream-

ing over ZigBee networks, Yaacoub et al. [10] propose a scheme for

improving the scalable video streaming in vehicular networks and

in [11] SVC over LTE mobile networks is reported. 

Regarding ad hoc mobile networks, Halloush et al. [12] and

Rhaiem and Fourati [13] evaluated the performance of conven-

tional routing protocols for MANETs during transmission of SVC

streams. The results of these studies show the need to implement

new network mechanisms for achieving Quality of Service (QoS).

A solution focused on providing QoS in MANETs for SVC video

streaming is presented by Lal et al. [14] . This proposal is based on

the implementation of a new routing protocol that includes admis-

sion control based on the available bandwidth. There is also the

work presented by Radu et al. [15] , which introduces the subjec-

tive quality monitoring and also a method of error protection for

SVC video streaming. To overcome the high packet loss character-

istic of MANETs, Lai and Liou [16] propose a system based on the

prioritization scheme of video packets. However, the solutions pro-

posed until now for MANETs have not assessed in detail the op-

tion of adapting the bit rate, by removing or adding SVC layers,

according to the estimation of the available bandwidth. Further-

more, the existing tools for evaluating the developed solutions for

SVC streaming (such as EvalSVC [17] and myEvalSVC [18] ) do not

enable adaptive streaming operation and therefore, the entire SVC

stream is always transmitted. This operation mode of the afore-

mentioned evaluation frameworks limits the utilization of the lay-

ered schemed of SVC. Thus, the development of a new simulation

platform as the one proposed in this article is needed. On the other

hand, solutions studied for MANETs only evaluate the temporal and
patial scalability that provides SVC, leaving aside the quality scal-

bility. In this article, not only is the combination of temporal and

uality scalability used, but also the MGS (Medium Grain Scalabil-

ty) scheme, which is the scheme regarding quality scalability that

est performance features offers, as evidenced by numerous stud-

es, e.g. [19] and [20] . 

Moreover, although simulations provide considerable advan-

ages, for example, in terms of scalability and costs reduction, the

alidity of the results obtained in the simulations and the com-

lexity of a real-world implementation of the proposals, remains a

ubject of discussion in ad hoc networks. 

Regarding that, in [21] a detailed analysis of the advantages

nd disadvantages provided by each methodology is presented. On

hat score, we believe that an appropriate validation requires ex-

erimentation with simulations and real-world equipment. How-

ver, the use of real-world equipment involves additional effort s in

erms of design, configuration, installation, control and execution

f the experiments as well as implementation costs. 

Accordingly, the number of available studies applying this

ethodology is limited, some notable examples include: APE (Ad

oc Protocol Evaluation) [22] , it is a study that describes a testbed

or evaluating OLSR, AODV, LUNAR under conditions of mobility,

odes are implemented by computers and used a total of 9 devices.

i et al [23] , describes a set of experiments to evaluate the oper-

tion of a multipath variant of the OLSR protocol, using laptops

s ad hoc nodes in a scenario made up of 11 nodes and a max-

mum of 4 hops. In [24] a testbed developed to assess the range

f communication between user devices in Vehicular Ad-Hoc Net-

orks (VANETs) is described. Results describe a maximum connec-

ivity distance of 75 m using smartphones and 802.11 g standard.

 characterization of communication links for devices 802.15.4 and

02.11 is presented in [25] , using mote platforms and laptops re-

pectively. 

In regard to experimentation with a greater level of scalability,

26] describes the project Emulab consisting of a remote labora-

ory containing hundreds of nodes. The nodes were initially im-

lemented on platforms mote and today experimentation includes

02.11 a/b/g devices. However, the access to the laboratory is lim-

ted. Moreover, in [27] the authors described QuRiNET, a commu-

ication project which simultaneously serves as a Wireless Mesh

etworks testbed. The project consists of a set of 30 nodes carried

ut using embedded platforms Soekris net4826 and deployed in

n area of 800 hectares. Similarly, DOME (Diversity Outdoor Mo-

ile Environmet) [28] is a testbed that implements mesh nodes

n buses for the study of mobility in such networks. Moreover, a

ore limited set of studies that implement testbed are focused on

he evaluation of energy consumption. Specifically, [29] presents a

haracterization of energy consumption in mobile phones during

he operation of the interface 802.11. In [30] a study of energy con-

umption made directly on the wireless card using measuring in-

truments is described. Finally, [31] presents a framework for mon-

toring energy expenditure using development platforms. 

. Adaptive scalable video streaming 

There are two main methods for video delivery: traditional

ideo streaming (that includes simple progressive download and

eal time streaming techniques) and adaptive streaming. In the tra-

itional techniques, video is sent as a flow of packets using a pro-

ocol that is in charge of establishing a session between the video

rovider and the client. This technique is known as a real time

treaming. Also, the progressive download technique is considered

s traditional video transmission technique. In this technique users

equest video content which is downloaded progressively into a lo-

al buffer. As soon as there are sufficient data the media starts to

lay. If the playback rate exceeds the download rate, then playback
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Fig. 1. Traditional video streaming. 

Fig. 2. Stream switching technique. 
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Fig. 3. Adaptive scalable video streaming. 
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s delayed until more data is downloaded. However, these tradi-

ional video transmission schemes lack of the necessary flexibility

nd adaptability since the video file is delivered to the end-user

ith a constant bit rate through a persistent source-destination

onnection. Thus, if a particular transmission channel experiences

ongestion, the quality of the video can significantly degrade (see

ig. 1 ). 

Adaptive streaming [32–34] is a technique which estimates the

vailable bandwidth and CPU capacity in order to adapt the video

uality that is provided to the user. To implement the idea of

daptive transmission, three types of techniques have been pro-

osed. One possibility is transcoding, which consists on transcode

rom one encoding to another to match a specific bit rate. How-

ver, there are some important disadvantages as the high cost of

ranscoding due to the fact that the raw video content requires

o be adapted several times for different quality requests. Conse-

uently, scalability decreases since transcoding needs to be per-

ormed for every different client. Therefore, because of lack of

exibility and the high computational requirements of a real-time

ranscoding system, the transcoding technique is not a suitable so-

ution for mobile ad hoc networks [35] . 

The second type of adaptive video transmission technique is

ased on the idea of stream switching. This technique encodes the

aw video content at several different increasing bit rates, gener-

ting j versions of the same content. Fig. 2 illustrates an example

f this technique, where 3 versions of a same video are generated.

ach video version is also divided into segments of the same du-

ation (e.g. using the segmentation based on GOP, Group of Pic-

ures ). An algorithm must dynamically choose the video version

hat matches the available bandwidth of the route. Although this

ethod minimizes processing costs, storage and transmission re-

uirements must be considered because the same video content is

ncoded j times. Other disadvantage of this method is the coarse

ranularity since there is only a discrete set of levels. The third

ype of adaptive video transmission technique employs Scalable

ideo Coding (H.264/SVC) [2] , which has attracted great interest

y researchers to improve video streaming over wireless networks

6,10,36] . SVC enables the encoding of a video by creating different

epresentations (layers) which can be integrated within a single bit

tream. The most basic representation of video is contained in the

base layer”, which corresponds to the lowest quality representa-

ion. In addition, multiple layers of "enhancement" are generated.

hese layers provide an increasing of the video quality when they

re added to the base layer. The layered scheme of SVC can pro-

ide higher robustness during video streaming over networks with
ontinuous fluctuations of the available bandwidth and high packet

oss rates. SVC allows the sender to adapt the bit rate of the video

raffic by means of adding or removing SVC layers from the video

tream based on the estimation of the available bandwidth ( Fig. 3 ).

Therefore, in order to dynamically adapt the video stream, it

s necessary to have a mechanism to estimate the available band-

idth and report to the source video. This article proposes the use

f AQA-AODV protocol (Adaptive QoS-Aware Ad-hoc On-demand

istance Vector) [37] for this purpose. AQA-AODV is an inter-

ayers (cross-layer) solution that enables: estimating the available

andwidth, information exchange between layers (network, trans-

ort and application) and the establishment of routes within the

ANET. It also provides feedback to the application layer to report

he resources available in the network. 

.1. Scalable video coding (SVC) 

SVC coding was standardized as an extension of H.264/AVC. A

ideo that has been encoded using H.264/SVC has a layered struc-

ure, which corresponds to different levels of quality or different

patial and temporal representations. The main feature of SVC is

hat it provides three different types of scalability ( Fig. 4 ): spatial,

emporal and quality (also called SNR scalability, signal-to-noise-

atio). 

Scalability in SVC context means that video information can be

etrieved by decoding only part of encoded video. For example, it

s possible to decode the video at a lower resolution than the origi-

al, decoding only the lowest spatial layer and discarding the other

ayers. While using temporal scalability, layers improve the frame

ate, with spatial scalability, the base layer is encoded at a low

patial resolution (frame size) and enhancement layers give pro-

ressively higher spatial resolution ( Fig. 4 ). Finally, quality scala-

ility (or SNR) refers to scaling in terms of the level of compres-

ion applied to the source video. With quality scalability, the base

ayer contains a strongly compressed version of each picture, and

nhancement layers incorporate more information to increase the

NR value. The H.264/SVC standard supports combined scalability,

hat is, a SVC video stream can use any combination of the three

ypes of scalability. For instance, Fig. 5 shows a SVC stream en-

oded with three temporal levels {T , T and T } and two quality
0 1 2 



92 S. González et al. / Ad Hoc Networks 52 (2016) 89–105 

Fig. 4. Different types of scalability in H.264/SVC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Quality scalability methods. 
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levels {Q 0 and Q 1 }. Thus, six scalable layers are generated by com-

bining these levels as is, as Fig. 5 shows. Base layer is formed using

the lower temporal resolution level T 0 and the lower quality level

( i.e . frames 0 and 4). An example of enhancement layer may be

formed by the temporal level T 2 and the quality level Q 1 . 

In H.264/SVC, the codec is divided in two subsystems: the

Video Coding Layer (VCL) and the Network Abstraction Layer (NAL).

VCL is responsible for video encoding, and the NAL subsystem

formats these data according to the transport layer requirements.

The encoded video data are encapsulated into Network Abstrac-

tion Layer Units (NALUs). NALUs contain full or partial information

of the coded data frames. Each NALU contains three identifiers:

dependency identifier (DID), temporal identifier (TID) and quality

identifier (QID). These identifiers represent a point in the spatial,

temporal and quality scalable dimensions, respectively. The values

of DID, TID and QID are also known as (D,T,Q) parameters. For ex-

ample, a NALU of the base layer should be identified as (0,0,0) and

the enhancement layer consisting of the T 2 and Q 1 levels should

be identified as (0,2,1). The inspection of the (D,T,Q) values per-

mits to identify the NALUs belonging to a specific enhancement

layer. This fact is particularly important since the NALUs may be

identified and removed from the SVC encoded video, in order to

reduce the bit rate. Despite the elimination of some NALUs, the re-

maining NALUs could be used to integrate a valid video bit-stream

but with a lower visual quality. Nevertheless, the dependencies of

the layers would be taken into account. Layers in SVC can be de-
Fig. 5. Example of coding structure of a SVC str
oded independently but there is a logical dependency between

hem. This interdependency must be considered in order to obtain

 correct decoding of the video. In the example shown in Fig. 5 ,

he arrow lines represent dependencies between frames in a com-

ined scalable stream. For instance, the frame 2 of the layer T 2 Q 1 

epends on the layer T 0 Q 1 and the layer T 1 Q 1 (which also depends

n base layer). Because of these dependencies, discarding a quality

ayer from a reference frame ( e.g . frame 2) affects the quality of

ependent frames ( e.g . frames 1 and 3). 

.1.1. Quality scalability MGS 

The H.264/SVC standard provides three types of quality scala-

ility: Coarse-Grained Scalability (CGS), Medium Grain Scalability

MGS) and Fine Grain scalability (FGS) [20] . In this paper MGS was

sed for quality scalability as this type of scalability increases the

fficiency of coding and enables the ability of changing between

ayers at any moment in the decoding process. Fig. 6 describes

he advantage of using MGS over other scalability schemes. With

GS, each enhancement layer is separately estimated. However,

his scheme has several disadvantages. For instance, if a part of

he enhancement layer is lost, an error will occur during the sub-

equent sequence estimation ( Fig. 6 a). On the contrary, using the

GS scheme each enhancement layer is predicted from the base

ayer ( Fig. 6 b). Then, if the packets corresponding to the enhance-

ent layer are lost for some time, the receiver may still decode the

nhancement layer from the base layer. The better solution seems

o be the MGS scheme, shown in Fig. 6 c, as there is more flexi-

ility when choosing which of the quality layers can be used for
eam with temporal and quality scalability. 
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Fig. 7. Schematic representation of the SVCEval-RA simulation framework. 
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rediction. Furthermore, the concept of reference frames is intro-

uced, which serve to make regular updates in the base layer. In

20] more detailed information about scalable video coding and

ifferent scalability schemes can be found. 

. Description of the simulation framework SVCEVAL-RA 

This section presents a novel simulation framework called

VCEval-RA (SVC Evaluation Platform for Rate-Adaptive Video),

hich can be used to carry out performance evaluations of rate-

daptive video streaming using Scalable Video Coding. As men-

ioned in Section 2 , recently there have been developed some soft-

are tools to simulate the streaming and evaluation of scalable

ideo as EvalSVC and myEvalSVC. However, these platforms do not

ontain the necessary algorithms to allow scalable video source to

dapt its bit rate, discarding or adding layers that cannot be sup-

orted by the network. In contrast to these platforms, SVCEval-

A implements a new procedure in order to adapt the bit rate of

he traffic source based on the estimation of the available band-

idth. SVCEval-RA has been integrated to network simulator NS-

, so it can be used along with AQA-AODV protocol to assess the

dvantages gained in video transmission over ad hoc mobile net-

orks. Fig. 7 illustrates the block diagram of the SVCEval-RA eval-

ation framework. The whole process can be summarized in three

ain phases, encoding, simulation and decoding. In the encoding

hase the original video in YUV format is encoded according to the

.264/SVC standard. Encoding is performed using the JSVM (Joint

calable Video Model) software [38] . Throughout this phase the

SVM tool encodes a YUV video by configuring all the encoding

ettings, including the type of scalability to be used, and the num-

er of layers that will compose the output stream. After that, the

ALU trace file is produced from the H.264/SVC encoded video us-

ng the BitStreamExtractor JSVM tool. This NALU trace file includes

 different register for each packet of the NALU sequence. Some of
he stored parameters are: the packet size, the (D,T,Q) values and

he packet type, which are needed during the decoding phase. Be-

ore the simulation phase, it is also necessary to generate two ad-

itional traces. These traces are generated by SVCEval-RA. On the

ne hand, the Bit Rate Trace is generated. This Bit Rate Trace file

rovides information about the bit rate required to transmit each

ayer of the SVC encoded video. Specifically, it contains: layer id,

rame rate (fps), bit rate (Kbps), the (D,T,Q) values and PSNR (dB).

fterward, the NS-2 Traffic Trace is generated by adapting NALU

race file to the appropriated format required by NS-2. 

During the transmission of video packets over the mobile ad

oc network, AQA-AODV protocol provides the estimated available

andwidth, which is sent to the adaptive unit . In this module,

he (D,T,Q) parameters of the highest layer that can be transmit-

ed without exceeding the bandwidth limitation are determined.

herefore, the selected layer has a bit rate lower or equal to the

ransmission rate supported by the network. From the (D,T,Q) pa-

ameters, the software agent SVCEval-RA integrated into the sim-

lator filters the packets corresponding to the aforesaid layer and

ts lower layers, so that only these are transmitted throughout the

etwork. After simulation, the SVCEval-RA Post-process program

rst processes the Received Traffic Trace in order to obtain the Re-

eived NALU Trace file. Afterward, the Received NALU Trace file is

assed to the NALU-Filter tool which: i) removes NALUs received

fter the play-out buffer deadline, ii) reorders the NALUs according

o the sending order and, iii) removes NALUs with unfulfilled de-

oding dependencies. The filtered Received NALU Trace file is used

o reconstruct the H.264/SVC stream using the BitStreamExtractor

nd the JSVM Encoder tools. The obtained SVC video can then be

ecoded to a YUV RAW file by means of the JSVM H264 Decoder

tatic tool. This final YUV video can be compared with the original

UV video in order to measure the PSNR for evaluating the end-to-

nd delivered video quality. Furthermore, other performance met-

ics, such as the packet loss rate and end-to-end delay, can be ob-

ained from the NS-2 Traffic traces generated during network sim-

lation. 
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Fig. 8. Functional diagram of AQA-AODV. 
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5. AQA-AODV: routing protocol with QoS for mobile AD HOC 

networks 

Besides the development of the simulation framework SVCEval-

RA to assess the SVC video streaming over MANETs, we have

also implemented a routing protocol that provides mechanisms to

achieve certain levels of QoS. This section describes the protocol

developed, which has been called Adaptive QoS-Aware Ad-hoc On-

demand Distance Vector (AQA-AODV). This protocol has been de-

veloped as an AODV protocol modification. The main modifications

influence the pathfinding process and route maintenance strategy

of AODV. To implement these changes, new fields were introduced

into the packet format used in AODV. For instance, new fields were

incorporated into the route request packet (RREQ) to inform the

bandwidth required and the session identifier (session ID), used

to identify each stream over the network. In addition, the reply

packet (RREP) and the route error packet (RERR) were modified

with new fields. The modified AODV packets in AQA-AODV have

been called QRREQ, QRREP and QRRER to emphasize the new role

of transport QoS parameters. 

The main difference of AQA-AODV with other solutions based

on AODV is the adaptive feedback scheme by which the source

node may adapt its transmission rate according to the state of the

route. Therefore, the nodes along the route must incorporate al-

gorithms that allow them to estimate the resources available (de-

pending on the bandwidth). 

The main contributions of AQA-AODV are: 

(i) An algorithm for estimating the bandwidth available on the

network by modifying the format of the message HELLO and

creating a new message called HELLOACK. 

(ii) A “cross-layer" agent that enables information exchange be-

tween the application layer and the network layer. This

agent informs the network layer of the bandwidth requested

by the application layer and the traffic protocol informs the

traffic source of the bit rate at which it can transmit. 

(iii) A new route discovery mechanism (QREEQ and QRREP pack-

ets) that take into account the new parameters listed for es-

tablishing routes (available bandwidth, session ID and maxi-

mum transmission rate). 

(iv) A new route maintenance and recovery scheme, which in-

corporates a cache table with all active sessions. 

(v) Modification of the neighbor cache and the routing table to

incorporate the parameter of quality of service (QoS) and the
session identifier. S
Fig. 8 shows the functional diagram of the main modules AQA-

ODV. The tree main elements of AQA-AODV are: the bandwidth

stimation module, the routing module and the route recovery

odule. The first module performs the estimation of available

andwidth and provides the feedback value to the application

ayer. Hello packets are used for the estimation. These packets are

riginally used in AODV in discovering neighboring nodes. With in-

ormation about the available bandwidth, the traffic source can ad-

ust its transmission rate, as proposed in this article. Furthermore,

he routing module receives the route request from the source traf-

c in which the required transmission rate is indicated, and ex-

cutes the route search process. The third module is the route

ecovery module, which is responsible for detecting connectivity

aults and re-establish routes to the destination, taking into ac-

ount the conditions of QoS previously established. A preliminary

erformance evaluation of AQA-AODV during the transmission of

ata flows over MANETs was presented in [37] . 

. Evaluation 

This section describes the parameters used for the simulations.

he main objective of the simulations is to evaluate two strate-

ies for scalable video streaming over MANETs: Adaptive SVC and

on-adaptive SVC. The adaptive strategy uses AQA-AODV proto-

ol as routing protocol while non-adaptive strategy uses the AODV

rotocol. This section also aims to show how the integration of

ur tools (AQA-AODV and SVCEval-RA) contributes to the study of

daptive video streaming over ad hoc mobile networks. The simu-

ations were carried out on two scenarios. The first scenario is an

d hoc wireless network with static nodes and the other scenario

s a mobile ad hoc network. 

.1. Simulation environment 

For the evaluation of SVC traffic on MANETs, the network sim-

lator NS- 2 was used. In Table 1 , the parameters of the simulator

re described. 

The video used as traffic flow was generated by concatenat-

ng three times the sequence “CREW" [39] and obtaining a video

f 900 frames with a size of 352 ×288 pixels. This concatenated

equence was encoded according to the H.264/SVC standard with

wo types of scalability: temporal and quality (MGS). Encoding was

erformed using the JSVM software [38] . All the values for the

ideo related parameters are reported in Table 2 . The generated

VC stream includes 5 temporal levels, identified as T , T , T , T 
0 1 2 3 
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Table 1 

Simulation parameters. 

Parameter Value 

MAC Protocol 802.11 b 

Propagation model Two Ray Ground 

Queue type Drop Tail 

UDP packet size 10 0 0 bytes 

Transmission range 250 m 

Interference range 550 m 

Table 2 

Video parameters. 

Parameters Description/Value 

Original Video file YUV format 

Video rate (average) 36.51 Mbps 

Video sequence CREW [39] 

Resolution CIF (352 ×288) 

Size 900 frames 

Frame per second 30 

Duration 30 s 

Encoded video file H.264/SVC 

Type of scalability SNR (MGS) 

B-Frames Yes 

GOP Size 16 frames 

Table 3 

Description of the SVC encoded video layers. 

Layer ID TiQi Frame rate (Hz) Cumulative bitrate (Kbps) 

0 T0 Q0 1 .875 94 .4 

1 T1 Q0 3 .75 139 .9 

2 T2 Q0 7 .5 197 .4 

3 T3 Q0 15 273 .3 

4 T4 Q0 30 335 .4 

5 T0 Q1 1 .875 157 .0 

6 T0 Q2 1 .875 197 .4 

7 T0 Q3 1 .875 245 .1 

8 T1 Q1 3 .75 254 .9 

9 T1 Q2 3 .75 314 .1 

10 T1 Q3 3 .75 376 .7 

11 T2 Q1 7 .5 401 .5 

12 T2 Q2 7 .5 487 .0 

13 T2 Q3 7 .5 569 .1 

14 T3 Q1 15 593 .0 

15 T3 Q2 15 707 .1 

16 T3 Q3 15 808 .7 

17 T4 Q1 30 809 .3 

18 T4 Q2 30 948 .7 

19 T4 Q3 30 1066 .8 
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Fig. 9. Description: SVC layers contained in the video stream. 

Fig. 10. Rate-distortion analysis of the SVC video stream. 
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nd T 4 . Each temporal level has 4 levels of quality (Q 0 Q 1 Q 2 and

 3 ). A total of 20 layers were obtained from the combination of

 i and Q j levels (L 0 -L 19 ). Depending on the number of transmitted

ayers, the bit rate varies from 94.4 Kbps (transmitting only layer

) to 1 Mbps (transmitting all the 20 layers). Table 3 shows the bit

ate associated with each layer. These values are accumulative, that

s, those bit rates take into account not only the bit rate needed

o transmit the data of a specific layer but also include the bit

ate needed to transmit the layers that depend on. For example,

or the transmission of the layer 3 the total bit rate is 273.3 Kbps

see Table 3 ). This rate includes layer 3 and the lower layers that

epend on (layers 0, 1, and 2). 

Fig. 9 gives a graphical description of the bit rates obtained ac-

ording to the temporal levels and the MGS layers. The labels on

he bars indicate the layer id assigned by the SVC encoder. More-

ver, a rate-distortion analysis in terms of average Y-PSNR (PSNR

or the luminance component in the YUV colour space) versus av-

rage bit rate was computed off-line (see Fig. 10 ). 
The computation of the Y-PSNR curves were performed by

tripping out the layers, measuring the average bit rate, decod-

ng the resulting video, and computing the average Y-PSNR. Each

f these curves represents a temporal layer and each point corre-

ponds to a MGS layer (from Q 0 to Q 3 ). This figure describes the

ncrease in the video quality (in terms of Y-PSNR ) depending on

he number of quality and temporal layers that make up the video.

n the two simulated scenarios, the percentage of lost packets, the

uminance PSNR (Y-PSNR) and the decoded frame rate were cal-

ulated. This latter metric is the number of successfully decoded

rames divided by the total number of frames. 

. Results 

In this section we present simulation results of our proposal

n two scenarios: a static topology and a mobile topology. Specif-

cally, we evaluated the transmission of SVC streams by means of

he rate-adaptive strategy versus a non-adaptive scheme. 

.1. Scenario 1: static linear topology with variable length 

Scenario 1 is a wireless network whose nodes remain static and

ocated in a linear topology ( Fig. 11 ). Node 1 is the video source

nd the last node in the chain is the destination node. In this sce-

ario, the number of nodes in the network increases from 2 to 15

odes. The objective is to evaluate the adaptation of the bit rate of

he traffic source according to the number of nodes. Fig. 12 shows
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Fig. 11. Scenario 1: Static linear topology. 

Fig. 12. Results of Scenario 1: (a) available bandwidth, (b) lost packets, (c) decoded 

frame rate, (d) PSNR, depending on the path length. 
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the results of the simulation, as described below: the variation of

the available bandwidth estimated by AQA-AODV as a function on

the number of nodes in the network is described in Fig. 12 a,b

shows the percentage of lost packets, Fig. 12 c describes the vari-

ation of the decoded frame rate, and Fig. 12 d depicts the received

video quality in terms of Y-PSNR. Each figure shows the results ob-

tained for both adaptive SVC streaming and Non-adaptive stream-

ing. These curves vary depending on the number of nodes making

up the route between the source node and the receiver. 

As can be seen in Fig. 12 a, when the path between the source

and the receiver has 2 intermediate nodes ( i.e . 1 hop), all SVC lay-

ers of video can be transmitted. This is because the bandwidth

available on the network is sufficient to support the bit rate re-

quired to transmit the highest layer (10 6 6 Kbps for layer 19) and

the lower layers. Therefore, all frames are successfully decoded

(decoded frame rate equal to 1) and the video quality received cor-

responds to the highest quality that can be achieved (38 dB). How-

ever, the available bandwidth decreases as the number of nodes on

the route increases so that it is no longer possible to transmit all

layers and the traffic source should adjust its bit rate. Thus, when
he route between source and receiver has 3 or 4 nodes, the video

ource can transmit layer 4 (T 4 Q 0 ) and lower layers at most. Then,

00% of frames are successfully decoded, but with lower quality

Y-PSNR of 35 dB). However, when the video source does not adapt

ts bit rate (No-Adaptive SVC curve) some packets are lost (approxi-

ately 10%). Nevertheless, for this percentage of loss, video quality

s hardly affected mainly due to the robustness of the SVC coding.

hen the route consists of more than 5 nodes, the available band-

idth drops dramatically to 280 Kbps. With this bandwidth, only

ayer 3 (T 3 Q 0 ) and its lower layers could be transmitted, according

o the data in Table 3 . In Fig. 12 b, it can be seen that the strategy

f adaptive SVC allows the source to adjust its transmission rate to

void network congestion. 

Accordingly, the percentage of lost packets does not exceed 10%

nd PSNR of approximately 23 dB is obtained ( Fig. 12 d). By con-

rast, with the strategy of using non-adaptive SVC streaming, the

ercentage of lost packets reaches 50% (about 5 times more than

sing adaptive SVC). Hence, the decoded frame rate decreases to

.1 and the video quality received decreases to 14 dB (about 9 dB

ess than adaptive SVC) in the worst case. 

.2. Scenario 2: mobile topology 

The second scenario is a cellular network of 30 nodes in an area

f 10 0 0 ×10 0 0 m. The nodes move to randomly destination at a

ate between 0.1 and 2 m/s using Random Waypoint Model. When

hey reach destination, nodes pause and then move to another des-

ination. The duration of the pause varies between 0-80 s in sim-

lation. Therefore, the relative speed of nodes also varies. A pause

ime of 0 seconds is the worst case because the nodes are continu-

usly moving. The video stream is transmitted between two nodes

source and destination node) randomly selected. At the beginning

f the simulation, the traffic source starts to transmit at the max-

mum possible speed, i.e . 1 Mbps (maximum bit rate to transmit

ll SVC layers, see Table 3 ). In addition to the video stream, 3 CBR

treams of 10 Kbps are also transmitted over the network as back-

round traffic using UDP. 

The purpose of this stage is to evaluate the transmission of the

wo SVC schemes on mobile ad hoc networks and measure the im-

act of mobility over them. 

Fig. 13 shows the results for the mobile scenario. Regarding

acket loss ( Fig. 13 a), the adaptive streaming scheme allows SVC

o avoid network congestion and packet loss percentage does not

xceed 11%, both for high and low mobility scenarios. Regarding

ideo quality, Fig. 13 b shows that, for high mobility, both trans-

ission strategies have a significant decrease in the number of

uccessfully decoded frames. For adaptive SVC, this is mainly due

o the extraction of temporal layers from the SVC stream, carried

ut by the traffic source in order to adapt the transmission rate to

he available bandwidth. On the contrary, the low rate of decoded

rames using Non-adaptive SVC is due to both the high percent-

ge of packets lost and the elimination of NALUs received with ex-

essive delay. Finally, a significant improvement is observed in re-

eived video quality using Adaptive SVC against Non-adaptive SVC

echnique ( Fig. 13 c). For the worst case (pause time equal to 0 sec-

nds), there is an improvement in PSNR of 9 dB, whereas with low

obility an improvement from 9 dB to 13 dB is obtained. 

Although not to the same extent, the mobility of nodes affects

oth SVC video streaming strategies. However, the adaptive scheme

learly provides better results regarding the received video quality.

n addition, it also helps avoid or reduce congestion in the net-

ork, minimizing the impact over other traffic streams that would

e transmitted over the network. 
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Fig. 13. Results of Scenario Mobile: (a) lost packets, (b) decoded frame rate and (c) 

PSNR as a function of pause time. 
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Table 4 

Wireless card configuration and traffic characteristics. 

Parameter Description/Value 

MacProtocol 802.11 g 

Tx Power 0 dBm 

Data Rate 54 Mbps 

Rx Sensitivity −76 dBm 

Anntena Gain 5 dBi 

Video sequence 300 kbps Big Buck Bunny [43] (Coded BitRate mode). 
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. Testbed evaluation and results 

.1. Ad hoc node implementation 

Fig. 14 shows the functional diagram for the Ad Hoc nodes im-

lemented on the Raspberry Pi platform. The Ad Hoc mode con-

guration is performed on the files described in the block Net-

ork/Synchronization; additionally an NTP client was configured

o synchronize the nodes during startup. The choice of the wire-

ess card was carried out taking into account the prior experimen-

ation with several models; the main constraints were the com-

atibility of drivers with the development platform and the oper-

tion of the cards in a real ad hoc communication mode. Taking

nto account the results of the tests, Awuso36nh card (Linux driver

t2800/chipset RT3070) [40] was selected. The nodes are powered

y power bank of 10 0 0 0 mAh, allowing easy deployment for out-

oor tests. At user level several free distribution tools have been

nstalled, specifically the Mp4trace tool available in the package

valvid, the traffic generator Iperf, Tcpdump and Tcpstat for cap-

ure and analysis of traffic. The transmitter node stores the set of

ideos which will be used in the test. 

Additionally the intensity sensor INA219 [41] , has been incor-

orated into the transmitting node, in order to assess the level

f average power consumption demanded by the wireless card.

he sensor is handled by a set of Python libraries developed by

dafruit [42] . The connection to the platform is via the I2C (Inter

 Integrated Circuit) bus in the GPIO pins (General Purpose Input /

utput). Fig. 15 shows the ad hoc node implemented. Specifically,

ig. 15 (a) depicts the components and Fig. 15 (b) presents the setup

or real experiments. 

For experimental evaluation, we have implemented a total of 10

odes. The aim of the testbed is to evaluate the adaptive transmis-

ion mechanism implementing scenario 1, corresponding to a chain

f static nodes located in a linear topology. The AQA-AODV proto-

ol has not been implemented over our platforms yet, therefore in

rder to select the adaptive flows, we carried out preliminary ex-

eriments to measure available bandwidth in the links. Specifically,

t was necessary to design and set up multiple tests in order to es-
ablish the effective transmission distance as well as characterize

he throughput degradation during the transmission in the chain

f nodes on the real environment. Afterwards, we made the exper-

mental evaluation with the proper flow of video for each band-

idth value. The experiments performed and the results obtained

re described below. 

.2. Experiment 1: effective transmission range 

In this first step, the maximum transmission distance of the

ireless card on the real environment was characterized. Tx and

x nodes were located at different distances in increments of 1 m

nd in each case the percentage of packets obtained in reception

as evaluated. Data capture is performed at each node running

cpdump, whereas mp4trace was used to transmit video packets.

he video used as traffic source corresponds to 1 minute from the

opular video sequence Big Buck Bunny [43] . Table 4 , describes

he traffic parameters set for this specific case and the settings of

he wireless card, which are maintained throughout all the experi-

ents. 

Fig. 16 presents the results of the experiment. As shown, re-

eption rate remains constant (100%) up to a distance of 30 m, and

hen fluctuations in the rate appear, and increase significantly with

istance. The variations obtained indicate that beyond the range of

0 m, configuration parameters of the wireless card do not assure

 power level that reaches the reception threshold. Therefore, this

rea is highly susceptible to data loss. Finally, the reception rate

s reduced to zero at 59 m. Thus, we select 30 m as the transmis-

ion range in order to set up the lineal topology scenario. More-

ver, in regard to PSNR, the behavior is coherent to the previous

esult, with steady and fluctuating zones. PSNR variations depend

ainly on the type of frame that lost packets belong to. 

.3. Experiment 2: throughput characterization 

This experiment was implemented in order to get a characteri-

ation of the actual throughput in the linear topology with increas-

ng number of nodes. The devices were placed at intervals of 30 m

n order to reduce the interference between two hop neighbors.

he length of the node chain varied from 2 to 9 nodes. Fig. 17

hows a diagram about the implementation of the linear topology. 

For the tests, a CBR traffic generator was employed (Iperf tool)

nd packets were captured using tcpdump. The transmission rate

aries from 100 Kbps to 54 Mbps. Routing tables were maintained

y the routing protocol installed in each Raspberry Pi. Fig. 18

resents a description about the throughput obtained in the re-

eiver node in comparison with the offered load. The confidence

ntervals showed were stated at the 95% confidence level. As it

an be seen, a linear trend is maintained for the different topology

engths within an interval (aprox. 13 Mbps, 5 Mbps, 4 Mbps, 3 Mbps

or 2, 3, 4 and 5 nodes, respectively). The degradation obtained af-

er the linear behavior is due to the shared medium simultane-

us access, which limit the transmission opportunity. Specifically,

s the number of nodes increases, the contention for the channel
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Fig. 14. Functional diagram of: Ad hoc node implemented on the development platform Rapberry Pi B + . 

Fig. 15. Ad hoc node implemented: (a) Node components. (b) Setup in a real environment. 
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is intensified and, therefore, the opportunity to transmit data de-

creases. 

Finally, in order to characterize the throughput degradation

from the perspective of both the transmitter and the receiver, re-

sults for the offered load of 54 Mbps were employed (i.e. the high-

est data rates reached). Fig. 19 shows the average throughput (95%

confidence level) depending on the chain length. In the case of two

nodes, the average values of throughput are practically the same in

Tx and Rx node. However, as the number of nodes increases, the

m  
hroughput decreases in the reception side. Such behavior is due

o the different levels of congestion in the nodes according to their

ocation in the topology. Particularly, the contention for the chan-

el access is more intense at the ending nodes, causing the data

ate reduction obtained in the Rx node. 

.4. Experiment 3: evaluation of the adaptive transmission 

This experiment was carried out in order to assess the perfor-

ance of the adaptive mechanism proposed in this paper. Unlike
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Fig. 16. Experiment results: transmission range and PSNR. 

Fig. 17. Descriptive diagram for the experiment to determine the effective throughput in the static linear topology. 

Fig. 18. Comparison between the average throughput and the offered load in the static linear topology at the Rx node. 
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Fig. 19. Throughput degradation obtained on the nodes Tx and Rx. 

Table 5 

Description of the video layer for the experimental tests. 

Layer ID TiQi Frame Rate (Hz) Av. BitRate(Mbps) Max.BitRate(Mbps) PSNR (dB) 

0 T0Q0 1 .875 0 .052 0 .086 18 .10 

1 T1Q0 3 .75 0 .097 0 .184 18 .06 

2 T2Q0 7 .5 0 .160 0 .351 18 .04 

3 T3Q0 15 0 .252 0 .745 18 .05 

4 T4Q0 30 0 .382 1 .608 18 .59 

5 T0Q1 1 .875 0 .105 0 .171 18 .53 

6 T0Q2 1 .875 0 .205 0 .316 18 .51 

7 T0Q3 1 .875 0 .378 0 .531 18 .51 

8 T1Q1 3 .75 0 .203 0 .351 19 .56 

9 T1Q2 3 .75 0 .408 0 .632 19 .49 

10 T1Q3 3 .75 0 .765 1 .056 19 .46 

11 T2Q1 7 .5 0 .347 0 .699 19 .46 

12 T2Q2 7 .5 0 .724 1 .273 21 .13 

13 T2Q3 7 .5 1 .423 2 .156 21 .06 

14 T3Q1 15 0 .554 1 .426 21 .03 

15 T3Q2 15 1 .202 2 .590 21 .04 

16 T3Q3 15 2 .523 4 .294 34 .01 

17 T4Q1 30 0 .848 3 .082 37 .67 

18 T4Q2 30 1 .904 5 .456 41 .57 

19 T4Q3 30 4 .335 8 .904 46 .02 
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in the simulations, the standard 802.11 g was used instead due to

the physical layout and the capabilities of the wireless card. In this

sense, a new set of video qualities with a higher bitrate is gener-

ated, so that the channel bandwidth can be totally used. The se-

quence “CREW” (300 frames) was employed and layer features are

described in Table 5. 

On the one hand, layer 19, which is the layer with higher bitrate

because it includes every lower layer, is used as the non-adaptive

sequence. On the other hand, the layer that best fits the available

bandwidth has been selected depending on the reference curve ob-

tained (Rx node) from the previous experiments and the average

bitrate of each layer ( Fig. 19 ). The video sequence was transmitted

using the adaptive and the non-adaptive schemes for the different

chain lengths described previously. However, after multiple itera-

tions, high packet losses were obtained. Even the adaptive scheme

showed higher packet losses than expected. This is due to the bi-

trate variation inherent to the video encoding nature and the kind

and size of encoded frames. In this sense, [44] presents an analysis

about the instantaneous throughput that a video burst generates

and suggests a traffic load analysis taking into account the frame

rate. Consequently, the video sequence was profiled in order to de-

termine the size of the packet bursts, included in Table 5 . Fig. 20
hows an example of the layer 19 profile. As it can be observed,

here are a number of frames that generate a throughput higher

han the average bitrate. Therefore, the layer for adaptation should

ot be selected depending on the average bitrate but attending to

he maximum bitrate. 

In order to explain and analyze this behavior thoroughly, the

esults for the chain of 6 nodes have been detailed and explained

elow. As aforementioned, layer 19 has the higher bitrate and is

sed as the non-adaptive sequence. Layers 14, 12 and 0 were used

or evaluating packet losses, in case the adaptive mechanism be-

aves with different conservative shades. Packet loss depending on

he used layer can be shown in Fig. 21 . Results show that for the

dapted bitrate sequence, packet loss is lower (11% and 15% for lay-

rs 14 and 12, respectively) compared to non-adaptive transmis-

ion (23%). However, it is worth noting the wide confidence in-

ervals, (95% confidence level) meaning high variation among it-

rations. Even with the lower quality layer, losses around 2% are

btained. Therefore, real environments have proven to be unsta-

le and unpredictable. However, with the adaptive scheme, nodes

end fewer packets, causing less congestion to the network. In this

ense, an additional experiment has been carried out with the aim
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Fig. 20. Video profile characterization: Layer 19 (30fps). 

Fig. 21. Experiment results: Loss packets(%) obtained for the lineal topology of 6 

nodes, with different traffic flows. 

Table 6 

Wireless card, current sensor and traffic configuration to evaluate the en- 

ergy consumption. 

Parameter Description/Value 

Tx Power 0 dBm 

Data Rate 54 Mbps fixed 

Rx Sensitivity −76 dBm 

Anntena Gain 5 dBi 

Traffic CBR (Iperf) Duration: 10 s 24Flows: 100 k to 54 Mbps 

Current Sensor (INA219) Samples interval 10 0 0 us, 12 bit resolution 

I2C Bus speed 3 Mbps 
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f analyzing the power consumption of nodes depending on the

hroughput. 

.5. Experiment 4: evaluation of energy consumption 

This experiment was performed to carry out an assessment of

he energy demanded by the wireless card in the ad hoc node. In

his case, the layout of experiment 2 was set up for the case of

wo nodes. In addition, the current sensor (INA219), located at the

ransmitter node, is activated. The sensor is installed as a current

ester on the power cable of the wireless card and the captured

ata are transferred to the platform (Raspberry Pi) via an I2C bus.
able 6 summarizes the configuration parameters used in the eval-

ation. 

In Fig. 22 , examples of samples captured for different traffic

ows are presented. It has been plotted an interval of 1.5 in order

o visualize the behavior of the samples. Specifically, two levels of

ntensity captured by the sensor (409 mA and 204 mA) can be seen.

t can be seen that as traffic load increases, the number of samples

ith a value of 490 mA is higher. Consequently, this level of in-

ensity can be attributed to the operation of the wireless card in

ransmission mode, while the level of 204 mA may be interpreted

s baseline consumption generated jointly by the medium sense

nd the reception process. 

Such baseline consumption is dominant in experiments espe-

ially when the card operates at a reduced rate relative to maxi-

um capacity; this is the case of the Fig.22 (a–c) whose values of

verage intensity do not present major changes. On the other hand,

ig. 22 (d–f) corresponding to the average throughput for 2, 8 and

7 Mbps show significant variation in the average intensity, partic-

larly increases of 18% (241 mA), 50% (306 mA) and 68% (344 mA),

espectively. 

In order to characterize such behavior, the percentage incre-

ent of intensity consumption is presented in Fig. 23 , starting at

he base consumption level of the wireless card (204 mA). As it can

e seen, traffic load close to 20 Mbps (maximum throughput) rep-

esents an increase of 70% (347 mA) in the average intensity con-

umption. It is also worth noting the relationship between the con-

umption shown and the average throughput seen in Fig. 18 , which

oth show the same linear trend until a steady maximum. 

Additionally, Fig. 23 highlights the relationship between video

ayers and intensity consumption. As it can be observed, non-

daptive transmission (layer 19) involves an increasing higher than

0% while the adapted flows present lower consumption levels (6%

nd 5% for layers 12 and 14, respectively). Layer 0 causes little vari-

tion in power consumption. Therefore, results show that an adap-

ive bitrate scheme provides an important reduction in energy con-

umption and the duration of the battery life of ad hoc nodes. 

. Conclusions 

In this paper, two transmission schemes of SVC video streams

ver mobile ad hoc networks are analyzed. The proposed strategy

or adaptive transmission of encoded video using SVC, in which the
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Fig. 22. Intensity samples captured in the Tx Node for different traffic flows. (a) 100 Kbps, (b) 400 Kbps (c) 800 Kbps, (d) 2 Mbps, (e) 8 Mbps and (f) 17.4 Mbps. 

Fig. 23. Comparison between the increase of the intensity consumption and the effective throughput transmission. 
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video source is able to adjust bit rate according to available band-

width, is evaluated against the traditional strategy of transmission

of video streams, in which the source sends data at a constant rate.

In order to provide mobile ad hoc networks with the necessary

mechanisms to handle a certain level of QoS, as well as an inter-

layer mechanism to let applications determine the availability of

network resources, a novel routing protocol for mobile networks

previously developed was used, which is oriented to multimedia

transmission. A simulation platform that allows developing exper-

iments involving SVC video transmission over ad hoc mobile net-
orks is also implemented. The integration of these solutions into

he network simulator NS- 2 provides an efficient platform to ex-

lore new transmission schemes, as well as integration with other

daptive protocols, such as DCCP and TRFC. 

The findings of the simulations show that adaptive strategy re-

uces network congestion and packet loss by reducing the trans-

ission rate according to the change in available bandwidth. This

daptation is done by removing or adding layers of SVC video

tream. After assessing the quality of received video, results show

hat although using the adaptive scheme less video data is trans-
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itted, received quality is better than sending all video layers at a

igher transmission rate. It has also been shown that the integra-

ion of this simulation platform and the formerly developed rout-

ng protocol form a useful tool for studying the SVC video trans-

ission over ad hoc mobile networks. The developed simulation

latform is publicly available and can be downloaded from the fol-

owing link [45] . Additionally, we presented the design and im-

lementation of a testbed in order to evaluate the proposal. In

hat sense a set of experiments were performed to characterize

he multi-hop scenario, specially the throughput behavior in a lin-

ar topology with variable length. However, the greatest difficul-

ies appeared in the emulation of the mechanism of adaptation.

n particular, we detected that the average bitrate is not a suit-

ble parameter in order to select the adapted data flows; it due

o the bursts present in a video generate a load of traffic that ex-

eed significantly the average value. Therefore, a detailed analysis

f the video profile is required in order to prevent this behavior.

n particular, the maximum bitrate can be a more suitable param-

ter. However, despite of this consideration, there are not guaran-

ees against variations in the throughput in the real environment

hat allow maintain an accurate control in the experiments. More-

ver, we performed and experiment in order to characterize the

urrent consumption that demands the wireless card as a through-

ut function. Results were analyzed in relation with the bitrate

dapted mechanism and show this strategy contributes to main-

ain a minimal increment in the intensity level during the wireless

ard operation. 

Finally, as future work we plan to analyze the implementation

f an adaptation mechanism that allows a suitable selection of the

ideo flows such as the AQA-AODV scheme described in the pro-

osal. Likewise, it is planned to complement the analysis of video

ransmission over ad hoc networks, performing a subjective quality

ssessment of received videos (QoE, Quality of Experience). 
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