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Abstract: A new model is required for wireless Bluetooth technology that
enhances media streaming between different devices. This paper presents a
novel system that utilises the intermediate protocol L2CAP and a newly
proposed integrated buffering architecture to stream media file via Bluetooth
technology that is called ‘mBlueThunder’. The new system overcomes the
jittering playback problem, time delay and compatibility issues. The
experimental results show a remarkable improvement in streaming file reaching
up to 35% comparable to the state-of-the-art technique. The overall results
highlight great impact, significance and applicability of the proposed system.
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1 Introduction

Bluetooth is considered as a wireless protocol that enables devices to communicate
without manual composition or wired framework and support low power consumption
and short range communication (Butt and Abbas, 2008; Heidari, 2008; Shepherd, 2001).
Data transfer through the Bluetooth is based on master-slave mechanism. This data can
be documents, images and sounds. The master Bluetooth device communicates with a
maximum of seven slave devices. This group is called a piconet where at any specific
time the master communicates directly with one slave (Morrow, 2002). The round-robin
approach is used to switch quickly from one slave to another (Holtmann, 2008). Recently,
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L2CAP-based prototype media streaming via Bluetooth technology 223

linking several piconets together has produced a global wireless ad hoc network to
enhance the throughput and reduce packet delays (Reddy et al., 2010).

The Bluetooth system consists of many existing protocols that are directly used for
different levels of communication (Harte, 2008):

e low-level protocols are only used to create, manage and disconnect transmission
between specific points such as protocols that are used to manage a radio link
between specific points

e mid-level protocols are used to create, manage and disconnect a logical connection
between endpoints that may have multiple link connections such as transmission
control protocols

e high level protocols are used to launch, control and close end-user applications such
as application layer protocols.

Bluetooth uses 2.4 GHz ISM band that is divided into 79 channels (1 MHz each). The
used frequency hopping spread spectrum (FHSS) jumps from one channel to another with
a pseudo-random sequence. Devices that communicate with each other share this channel
and jump together with a hop rate equals 1,600 hops per second, called a slot. Many
piconets form a scatternet which can mainly support three kinds of connections in an
ad-hoc network: peer to peer, master-slave and many to many (Bluetooth SIG, 2002). The
peer to peer connection allows two devices to connect with each other directly, while
master-slave connection allows one device (master) to connect to another device (slave).
The most complicated connection is many to many where slaves and masters multiplex
through time division and participate with each other.

Some of the layers and protocols associated with the Bluetooth technology including
the baseband layer (physical layer), link manage protocol, host controller interface (HCI),
logical link control applications protocol (L2CAP), RF communications protocol
(RFCOMM), object exchange (OBEX) and service discovery are presented in Figure 1.
Further information can be found in Fayyoumi et al. (2014), Gratton (2003), Huang and
Rudolph (2007), Idwan et al. (2008, 2013), Idwan (2009), Kammer et al. (2002) and
Kapoor et al. (2003).

Figure 1 The Bluetooth wireless protocol stack includes a physical layer, link layer and
application layer

TCPAP
| peP ] BNEP | |
Logic Link Layer
RFCOMM
HCl L2CAP Media Access Conltrol
LMP
Baseband
Physical Layer
Bluetooth Radio

The great development in the information communication technology facilitates wireless
mobile application due to its flexibility and applicability, which solves many problems to
make things possible in various application-service-domains such as:
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e  Healthcare: the Bluetooth wireless technology has also been industrialised to
support people in telemedicine applications such as designing portable ambulatory
ECG monitoring systems (Hu et al., 2009), measuring the body temperature of kids
using Fever-Watcher Kit (Fayyoumi et al., 2014) and providing people of motor
disability with a handset device that has the ability to interface with large range of
input devices (Kim et al., 2011). It is worth mentioning that the usage of
telemedicine has recently been increased by combining the network-centric of
healthcare (Lubitz et al., 2006), designing various frameworks for a wireless
healthcare monitoring system with ZigBee communication link (Hamza, et al.,
2011) and developing a low-cost wireless telemedicine network in rural area
(Zatari, 2007).

e  Business: recent studies (Lindner et al., 2010; Nilsson et al., 2011; Venkatraman
and Yoong, 2009) have presented the role of emerging mobile technology on
various application areas such as creating a dynamic business model that aimed to
make money and created custom value (Lindner et al., 2010), utilising the e-business
by proposing a high level web service oriented architecture, balancing the required
cost of business construction and increasing the productivity that have a competitive
edge in terms of quality of service and customer satisfaction (Venkatraman and
Yoong, 2009). Developing a framework endorses the multi-criteria decision-making
model with a mobile payment venture from business view and customer view
(Nilsson et al., 2011). The latter frame also enhances the delivery mechanism for the
current multimedia messaging service of the m-commerce applications via mobile
phone.

o  E-learning: the usage of the Bluetooth wireless technology enhances the e-learning
domain in different aspects such as developing a classroom tool, which helps
lecturers to automate their assignment tests and to enhance student portal in
universities by connecting students’ mobile phone devices to a server application
(Idwan, 2009). Another aspect appears in utilising the social media environment by
investigating the potential of Facebook-enabled mobiles to leverage learning in
informal learning environments (Rambe, 2009).

Several studies have reported simulating media streaming over Bluetooth (Selvaradjou
et al., 2010). Some of them worked on the packet size (Chong and Beg, 2003), data rate
(Peterson et al., 2003) and network connection or enhancing the quality of service
(Scheiter et al., 2003). Other studies investigated the feasibility of several protocols such
as RFCOMM and L2CAP (Bluetooth SIG, 2002). However, the need to build an
implemented infrastructure to conduct media streaming applications without jittering
playback problem, time delay and compatibility issues by using mobile phones is of high
concern to many service-domain applications as mentioned earlier (Razavi et al., 2013;
Smith, 2012). In this paper, the proposed mBlueThunder is a novel system that utilises
the L2CAP and a newly proposed integrated buffering architecture to stream a media file
to overcome the mentioned problems.

The skeleton of this paper is organised as follows: Section 2 describes the
state-of-the-art of Bluetooth technology and media streaming. Section 3 presents the
novel system of media streaming called methodology of the proposed model called
mBlueThunder. Section 4 discusses experimental results of the whole system and its
implications and practices. Finally, conclusions is drawn in Section 5.
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L2CAP-based prototype media streaming via Bluetooth technology 225
2 Literature survey

During the last years, Bluetooth community worked hard to establish a solution to replace
the wired communication media with the hierarchal architecture of Bluetooth wireless
communication in order to increase efficiency and speed of transformation (YuHai,
2008). Other researchers were focused on proposing different solutions to enhance either
the audio streaming, compatibility issues or connectivity of delivering different kinds of
files with minimum time via Bluetooth wireless technology. Exploring a competitive
approach to enhance a quality of internet-radio improved the advertising mechanism via
the internet (Gartley and Smith, 2006; Idwan et al., 2008). This solution was based on
different standards for headfast and headphones; also supported remote control and
metadata information such as song titles.

TCP has widely been used by commercial video streaming systems. The guideline of
using TCP in streaming can be found in Wang et al. (2003). The problem of determining
the right size of consumer buffer in memory-constrained applications over TCP has been
solved in Kim and Ammar (2006). Their analysis shows that the consumer buffer
requirement is determined by the network characteristics and desired buffer under-run
probability. The study of Nguyen and Cheung (2008) proposed and implemented
consumer-driven, TCP-based system multi-TCP for multimedia streaming over the
internet using multiple TCP connections for the same applications. Their proposed
system provided resilience against short-term insufficient bandwidth and enabled the
application to control the sending rate in a congested scenario. The proposed system was
implemented at the application layer without any kernel modifications.

Bluetooth wireless technology is a hot research topic (Amrit and Singh, 2003; Chong
and Beg, 2003). Unfortunately, It is not suitable for traditional media encoding and real
time transition (Kassem et al., 2009) due to limited bandwidth (Smith, 2012; Tariq et al.,
2000), high degree of error rates (Peterson et al., 2003; Smith, 2012) and the time varying
nature of radio link (Selvaradjou et al., 2010).

There are many important applications require media streaming over Bluetooth that
have been developed and enhanced over the time. The quality of services has been
enhanced by the integration of MPEG-4 codec video transmission over Bluetooth for
mobile applications (Scheiter et al., 2003). MPEG-4 is an ideal compression technique
that meets the requirements of the Bluetooth data bandwidth by providing a very low
bit-rates and high compression (Smith, 2012). A link layer approach improves the quality
of MPEG streaming over a wireless link by reducing time varying nature that causes
video frames to be dropped/delayed (Kapoor et al., 2003). While others suggested a
solution to solve net connection for video applications in built-in cell phone camera via
overlaid Bluetooth piconets and its simplified version (Jung et al., 2006). For that reason,
Razavi et al. (2006) proposed an automatic repeat reQuist (ARQ) that is sensitive to
mobile device buffer size and combined it with an active discard policy based on picture
type. It is worth mentioning that the buffer size has a huge impact on the quality of the
video streaming over Bluetooth. Therefore, high quality of video streaming is achievable
by dynamically packed bit stream into packets. This allow effective data rate swapping
without RF noise (Razavi et al., 2013).

On the other hand, the feasibility of Bluetooth RFCOMM and L2CAP protocols for
audio and video streaming between mobile phones by using Java ME Platform has been
investigated in Sahd (2010). The incompatibility problems between devices and,
simultaneously, the reliability of the data streaming and quality of the transformed audio
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226 E. Fayyoumi et al.

via wireless technology have been solved in Idwan et al. (2013). The applicability of the
proposed solution is tested on audio streaming between incompatible devices modelled
by two parked cars separated by a distance of two to five metres. The study of
Gupta et al. (2010) presented an optimised solution to eliminate anomalies that exist in
video streaming via Bluetooth over RFCOMM protocol in real experiments. A Bluetooth
enabled surveillance systems (BESS) was proposed by Banerjee et al. (2010) to help
transmitting live video streaming between two mobile phones via built-in cell phone
camera.

Many researchers (Sillen and Nordlund, 2005; Vazquez-Briseno and Vincent, 2007)
have implemented frameworks for streaming media by utilising various protocols. The
authors of Vazquez-Briseno and Vincent (2007) proposed adaptable system architecture
by taking in consideration the limitation of the architecture in any mobile device. This
system consists of a streaming server, a multi-cast proxy and a mobile client that partially
handles downloadable adaptive multi-rate (AMR) files. AMR files are compressed and
divided into a number of frames, where each frame contains a 1 byte header and 20 ms of
audio data. Then, frames are sent in small real time transport protocol (RTP) packets. The
two players alternatively play part of the audio file instead of playing the entire file.

A similar system has been enhanced by using double buffer architecture to stream
audio books to mobile phones that use general packet radio service (GPRS) and a third
generation mobile telecommunication technology (3G) (Sillen and Nordlund, 2005).
They decided to use AMR audio format for streaming due to its good quality and its
small size compared to other used audio types. Herein, there are two main disadvantages
of the previous approach:

1  the limited number of devices that supports other audio types without affecting the
quality of audio streaming

2 the required time to recognise the entire audio file before being able to commence
with playback.

Traditional video streaming over a wired and wireless connection networks has
bandwidth complications, delay and loss of quality according to its real time nature, out
of range devices and interference with other external devices are real problems in media
streaming. Therefore, we address the particular issues that exist in these connections and
enhance the usage of media streaming under Bluetooth environment covering three major
aspects including intermediate protocols by building L2CAP-based video streaming
prototype, media compression of streamed data and integrated buffering architecture.
The main contributions in this paper are:

1  utilising L2ZCAP in Bluetooth media streaming that leads to a huge quality in the
processed file

2 enhancing the double buffer method of Sillén and Nordlund that reduces the jittery
playback problem in media streaming

3 achieving a new system by integrating the L2CAP-based prototype with the
integrated buffering architecture between two different devices to stream media files
via Bluetooth.
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L2CAP-based prototype media streaming via Bluetooth technology 227
3 Methodology of the proposed model

Bluetooth was introduced in order to abandon the use of wired connections and to make a
wireless transfer of data without involving in any synchronisation problems. Various
types of data such as, documents, images, sounds and videos are transferred through the
Bluetooth technology using master-slave mechanism (Holtmann, 2008). Nowadays,
wireless Bluetooth connection is highly used in mobile phones, laptops, computers and
many other peripheral devices (Harte, 2008). Therefore, the need for enhancing the
ability of exchanging audio, pictures and videos streaming is required. Additionally, the
growth of Bluetooth software has to take compatible and homogeneous architecture
development that includes protocol stack and the software of the Bluetooth in the
form of mobile media application program interface (MMAPI). The MMAPI allows
programmers to employ the multimedia of mobile devices and to play different media
that stored in the local file, database or even an application archive.

In this paper, we propose a newly implemented prototype called ‘mBlueThunder’. It
is based on L2CARP that allows transferring media files through several devices connected
via Bluetooth technology. The mBlueThunder uses master-slave architecture by
embedding an integrated buffering system attached to it as shown in Figure 2.

Figure 2 The mBlueThunder system integrates buffering architecture model with L2CAP-based

prototype
Start L2CAP
and RFCOMM Receive data Mautter
Servers
Ack
framepy<frame gy,
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228 E. Fayyoumi et al.

When the connection is established, the master device represents a ‘producer’ while the
slave device represents a ‘consumer’. The connected devices are capable of transmitting
continuous compressed media file that is partitioned into segments of chosen
intermediate layer.

The Bluetooth specification contains a protocol stack that provides Bluetooth devices
with the interconnectivity among other devices in the network layer. In general, the
well-defined intermediate protocols that are used to access Bluetooth network are
TCP/IP', HCI and L2CAP? protocols.

The most important issue in implementing a Bluetooth protocol stack is to choose an
appropriate intermediate protocol to segment media streams. Keeping in mind, the
segmentation process has to be achieved in a flexible and effective way between the link
layer and the physical layer. We present a qualitative comparison between well-defined
protocols with respect to the speed, quality of segmentation and reassembling processes
as illustrated in Table 1. It is clearly shown that L2ZCAP have been chosen over HCI and
TCP/IP as an intermediate protocol for the media streaming via Bluetooth due to the
effectiveness on the overall performance and hardware compatibility issues. It is worth
mentioning that the proposed implementation of MPEG-4 over Bluetooth using L2CAP
is called ‘MPEG4BT via L2CAP’.

Table 1 Qualitative comparison of media streaming via different protocols applicable to
Bluetooth technology
Protocols
Perspective
TCP/IP HCI L2CAP
Speed Slow speed due to the Slow speed due to High speed due to the
overhead by using overhead on the compatibility with
BNEP and LANA2P that  system recourses that AVDTP with no
overloads resources with  deals with MPEG-4 overhead.
additional encapsulation ~ compression.
layer.
Segmentation ~ SAR functionality is Requires additional SAR functionality is
process available but it needs software at application  available with no need
additional encapsulation  layer. for additional software
layers for TCP/IP requirements.
solution by using BNEP
and LANA2P.
Reassembly Easy and simple by Requires additional Easy and simple by
process using BNEP/LANA2P. software at application ~ using AVDTP.
layer.
Hardware No modification is Needs hardware No modification is

required.

modification.

required.

Our methodology depends on proposing an integrated four buffers distributed among the
producer and the consumer sides as shown in Figure 3. The light weight buffer (LWB) is
used at the producer side, while the master buffer (M) with a dynamic size and the
two other attached buffers (B1, B2) of a fixed size are used at the consumer side, in
addition to a ready codec player that runs files streaming. The producer side uses a file
connection API that is responsible to send a serialised frame one at a time to LWB. As
soon as the LWB starts sending the serialised frames to the consumer side an illusion is
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L2CAP-based prototype media streaming via Bluetooth technology 229

created to the consumer side that the whole file is transmitted after establishing the
Bluetooth connection.

Figure 3 The integrated buffering architecture

Producer Consumer

Receiving to
Mputtor

B1 B2
Processing

media file
Codec player

Sending segments to the buffer

File
Connection on
API

X

LWE ready
before sending

Display
on
codec
player

At the consumer side, M,y receives the serialised segments of a fixed size and
alternatively distributes them among Bl and B2. In the default case, Bl is empty,
therefore the serialised segment will be sent to it. Otherwise, B1 is busy in queuing out
the received segment to the codec player while B2 is ready to receive the next segment. It
is worth mentioning that, the acknowledge message (Ack) will be send to the producer
informs that My, is ready for receiving new segments. If the acknowledgment message
is not received, then the connection is down. This prevents buffering overflow that results
in loss of segments and guarantees that the codec player will continuously play the
received segments from both buffers. The proposed methodology overcomes the jittery
playback and eliminates the delay time of playing the entire file after completing the
transmission process as explained in Algorithms 1 and 2.

3.1 Example

Consider file of size 20 minutes at the producer side will be sent to consumer side. The
file will be partitioned into set of segments according to formula 1 ( file = z: Si).

Each segment (S;) has a fixed size equal to four minutes. The streaming schedule in the
buffering architecture is explained in Table 2.
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Table 2 Example of streaming schedule in the buffering architecture

Time LWB Mpyyfrer Buffer 1 Buffer 2 Codec player
T, Queue out (S;)  Receiving (S;)  Queue_in (S))

T, Queue out (S;) Receiving (S;)  Queue out (S;)  Queue_in (Sy) S

Ts Queue out (S3) Receiving (S3)  Queue_in (S3)  Queue out (S,) S,

T, Queue out (S;) Receiving (S;)  Queue out (S3)  Queue in (Sy) S3

Ts Queue out (S5)  Receiving (Ss5)  Queue in (Ss5)  Queue out (Sy) S

Te Queue_out (Ss) Ss

Algorithm 1 ProducerPart ()

EstablishConnection()
2 FileConnectionAPI(media file)
3 dof{
3.1  segment = Segmentation(media file)
3.2 Serialisation(segment)
3.3  Allocating(segment, LWB)
34  Streaming (LWB, M)
3.5  Acknowledgment (My,g.,)
4} While (segment !=0)

TerminateConnection()

Algorithm 1 starts media streaming between producer and consumer via Bluetooth
technology by establishing a connection (line 1). The producer part uses a
FileConnectionAPI that defines the process of accessing onboard and removable file
systems on the device (line 2). Then the segmentation process is started by fragmenting
the media file into a set of segments (line 3.1). Each segment is serialised by assigning a
priority number to avoid congestion at the codec player in the consumer part (line 3.2).
The serialised segment will consequently be allocated at the LWB and streamed to the
M- at the consumer part (line 3.3 and line 3.4, respectively). The next serialised
segment will not be streamed unless the acknowledge message is received from the
consumer part (line 3.5); otherwise, the producer part should wait until consumer part
finished handling the previous streamed segment to prevent overflow and the loss of
frames. The producing process will be terminated when there is no more serialised
segment to be streamed or connection is down (line 5).

While Bluetooth connection is established between producer and consumer (line 1).
My, - at the consumer should acknowledge the LWB at the producer in order to receive
the streamed segment and to check its serialisability (line 1.1 and line 1.2, respectively).
In the non-serialisable case an error will be reported (line 1.4.1); otherwise the status of
B1 will be checked to receive the streamed segment (linel.4.2.1). If B1 is available, the
segment will be allocated, consequently queued out to the codec player and an
acknowledge message will be sent to the Mz, (line 1.4.2.2.1, line 1.4.2.2.2 and
line 1.4.2.2.3, respectively). If B1 is busy in handling the previously streamed segment,
B2 will absolutely be available based on Lemma 1. In this case, the segment will be sent
to B2, queued out to the codec player and an acknowledge message will be sent to the
Mpper (line 1.4.2.3.1, line 1.4.2.3.2 and line 1.4.2.3.3, respectively).
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Algorithm 2 ConsumerPart()

1 While (connection is available)
1.1 Acknowledgment (My,, LWB);
1.2 Mg = Receive (Segment)
1.3 Result = CheckSerialisability ()
1.4 If (Result == false)
1.4.1  Return error serialisability
142 else
1.4.2.1  Status = GetStatus (B1)
1.4.2.1.1 If (status == Ready)
1.4.2.1.2  Allocate (segment, B1)
14213 QueueOut (B1, codec_player)
1422  Acknowledgment (B1, My, )
1423 else
1423.1 Allocate (segment, B2)
1.423.2  QueueOut (B2, codec_player)
14233 Acknowledgment (B2, M,,z,)

1.5  TerminateConnection()

Lemma 1

Data rategyeye—in(Bl) = Data rategyeye-ou (B2), vice versa.

Proof: Bandwidth detection of the API codec player module can be set to either initial
bandwidth detection (dynamic) or set default buffer time (fixed). This controls the
player’s bandwidth detection and buffering behaviour. The M,z has a dynamic size,
while the size of Bl and B2 is set to be fixed and equal. The buffer size refers to the
duration of the media in the player’s buffer, not to the required time needed to be loaded
to the buffer.

Once playback has started, the adaptive streaming Algorithms 1 and 2 respectively,
take place and calculate the best settings to use the buffer effectively to assure the
continuity of file playback. Keep in mind the buffering resources might change from one
device to another while the Bluetooth connection is available.

The bandwidth has been converted to a slot of time that is compatible with the
segment size in order to assure that Bl and B2 has the same data rate. Thus, the
synchronised time between Queue_in in Bl is equal to Queue_out in B2. Applying the
same rules on B2, vice versa situation is defiantly clear. 0

Using our proposed L2CAP prototype in the explained architecture will reduce
jittering by increasing the quality of streaming from the producer to the codec player at
the consumer side. The best quality will be delivered by choosing the appropriate
compression method for video streaming over Bluetooth. MPGE-4 video compression is
a very good candidate due to its encoding techniques that provides more flexibility in
meeting different demands of streaming along with the integrated buffering architecture
(Chong and Beg, 2003). However, the codec player will be busy receiving and playing
segments which are alternatively directed from B1 and B2 as shown in Lemma 1.
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The best video streaming quality is served by the L2CAP prototype integrated with
this buffering architecture that guarantees an equal data rate for both buffers (B1, B2).
Hence, the time will be constant for queuing in and queuing out in both buffers which
will allow B1 to receive the transmitted segments and queue it in at the same time that B2
is queuing out. This will keep the codec player continuously busy and prevent it from
silent moments and jittery noise caused by buffering issues.

4 Discussion
4.1 Experimental results

We have implemented a video streaming framework with the integrated buffering
architecture as it has been shown in Figure 2. All buffers were tested virtually on PC with
the following specifications: processor Intel-Inside Core i5 (x64) 2.4 GHz, RAM
memory 6 gigabytes, Windows 8. The implementation of the integrated buffering
architecture has been achieved by using C# V.5.0 (Griffiths, 2012). Where it has been
instigated with the following specifications of the attached buffers; LWB array size of ten
minutes, My, i a dynamic buffer, B1 and B2 are two arrays of size equal or less than
LWB? in the simulation case, each array size of ten minutes.

The experimental results consist of two parts: The first part relates to the estimation
of the minimum number of buffers needed in the integrated buffering architecture, while
the second part verifies the overall performance of the L2ZCAP-based prototype with the
buffering architecture attached to it.

4.1.1 Partl

The main objective of this experiment is to determine the minimum number of buffers
used in our integrated buffering architecture. The simulation has been performed by using
the network simulator (ns-2, V2.28) (Issariyakul and Hossain, 2009) with the support of
integrated buffering architecture implemented by C# (Deitel and Deitel, 2012). The
MPGE-4 encoded file has been employed for transmission simulation test of size 7.3 MB.
The proposed integrated architecture consists of a producer and a consumer parts.
Each part is equipped with a specific number of buffers. It is worth to mention that one
buffer at the producer part is enough to handle transmission process and to keep it going.
Therefore, the case of having one buffer in the whole system is not applicable. While
having two buffers in the system, one at the producer part and another one at the
consumer part, is the base step in our experiment. During the simulation experiment, we
have determined the use of minimal number of buffers at the consumer part starting with
one up to six buffers. Using one or two buffers at the consumer part is not viable, because
it suffers a jittery playback problem (having two buffers at the consumer part is exactly
the same model developed by Sillén and Nordlund model without involving L2CAP in
media streaming). By increasing the number of buffers to be equal to three buffers,
experiments show a consistency in the buffering architecture performance. Figure 4
shows a graph that compares different number of buffers used with respect to the
processing time at consumer part. The overall performance is consistent by using three
buffers to achieve convenience and modularity of the integrated buffering architecture.
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Figure 4 Minimum number of required buffers in the integrated buffering architecture
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Enhancing the throughput of the proposed architecture is concerned with processing time
that shows to be linear after using three buffers at most at the consumer part. Therefore;
using more than three buffers at the consumer side will definitely decrease the required
processing time of media streaming, but this decrement will be lost with the required
communication time between the buffers and the codec-player (wasting resources). We
conclude that four buffers in the whole system is the optimal number. Taking in our
consideration that the switching between the two buffers (B1 and B2) at the consumer
part is not perceptible as it is internally processed to be transferred to the codec player.
The only predictable delay occurs when My,z, receives the first segment from the
producer part in order to start the streaming process as it has explained previously.

4.1.2 Part?2

We focused on estimating the improvement of the processing time obtained by the
proposed integrated buffering architecture compared with the Sillén and Nordlund model.
The set of experiments is used to compare the average processing time needed for a file
streaming between the producer and the consumer in the proposed integrated buffering
architecture by using the network traces that have been recorded at both sides. The
calculated processing time includes segment time interval between the submission of the
segments and its completion at the consumer part, including the time spent waiting for
resources. Our experiments consist of two parts: Part 1, investigates the behaviour of the
proposed architecture with respect to different length of the file. Part 2, investigates the
behaviour of the proposed model with respect to different buffer sizes (B1 and B2).

The behaviour of our system with different length of video file related to the
processing time is presented in Table 3. It shows a comparison between our proposed
system and the Sillén and Nordlund model. There are two sets of experiment where a
frame size varies from one up to ten million seconds and the fixed buffer size is equal to
1,000 and 2,000 seconds, respectively. Each value presents the average of ten successive
trials under the same constraints. It is clearly shown that the mBlueThunder has a great
improvement in the total processing time required to stream the file reached up to 31%.
This proves the strength of utilising the integration between L2CAP and the proposed
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buffering architecture by using the MPEG-4 video compression® in the streaming process.
The mBlueThunder reduces the consumption energy as well as the required processing
time with a high quality of streaming. This makes our system preferable compared to

thestate-of-the-art.

Table 3

The set of average processing time (millisecond) required for file streaming in Sillén
and Nordlund system and mbluethunder system, respectively

Dataset 1: the frame sizes of file streaming vary from one up to ten million seconds and the size
of the B1 and B2 buffers are equal to 1,000 seconds.

Frame size Sillén and Nordlund mBlueThunder Percentage %
1,000,000 106 89 16.04
2,000,000 374 277 25.94
3,000,000 568 405 28.70
4,000,000 763 544 28.70
5,000,000 1,021 723 29.19
6,000,000 1,102 778 29.40
7,000,000 1,218 852 30.05
8,000,000 1,820 1,268 30.33
9,000,000 2,199 1,528 30.51
10,000,000 2,322 1,602 31.01

Dataset 2: the frame sizes of file streaming vary from one up to ten million seconds and the size
of the BI and B2 buffers are equal to 2000 seconds.

Frame size Sillén and Nordlund mBlueThunder Percentage %
1,000,000 93 75 19.35
2,000,000 338 258 23.67
3,000,000 558 423 24.19
4,000,000 709 534 24.68
5,000,000 977 725 25.79
6,000,000 1,188 871 26.68
7,000,000 1,382 1,005 27.28
8,000,000 1,499 1,060 29.29
9,000,000 2,080 1,429 31.30
10,000,000 2,388 1,630 31.74

A remarkable behaviour of our system with different buffer sizes related to the
processing time is illustrated in Figure 5. A clear difference in the turnaround time
varies from 15%-40% positively toward our architecture that depends on the size of
the used buffers and the size of transmitted frames comparable with different
architectures. It is worth to mention that, managing the system’s resources is important
to complete the streaming process with best quality, to save consumption of energy
and to guarantee the playback quality with a minimum overhead. This absolutely
increases the system throughput and maximises the number of segments transmitted

and received per unit of time.
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Figure 5 The average processing time (millisecond) required for file streaming in Sillén and
Nordlund model and mBlueThunder system, where frame sizes is equal to ten million
seconds and the size of the B1 and B2 buffers are varying from 500 up to 9,000 seconds
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4.2 Implications for theory and practice

mBlueThunder offers flexible enhanced multimedia streaming and live sharing over
Bluetooth connections among current multimedia buffering models due to the
adaptability and applicability in satisfying the required specifications in e-learning,
medical and business domain.

The limitations of our system are constrained by the general limitations of Bluetooth
wireless technology presented by the short range communication and low-power
consumption. It is worth mentioning that rechargeable batteries are effective solution
with the right battery technology that is provided by different manufactures in mobile
phones.

5 Conclusions

Media streaming over Bluetooth connection is a huge challenge. Although all devices
support Bluetooth technology, it requires an enhancement in the buffering scheme.
Therefore, there is a room to present a new prototype of media streaming over Bluetooth
by integrating L2CAP with a new buffering architecture that implement MPEG-4 for
compression techniques.

A novel system utilising the integration between L2CAP and a buffering system is
presented in this paper called ‘mBlueThunder’. The proposed system shows a significant
result with respect to the processing time reached up to 35% comparable to the
state-of-the-art. It is worthy to highlight that the integrated buffering architecture
guarantees maximum capacity of continuous playback display during transmission
process and the quality of media streaming. Our proposed model is adaptable and
applicable to satisfy the specification required by media streaming application over
Bluetooth connection, for example; learning, sharing videos without the need of Wi-Fi
connection or downloading the media, among other needs.

For future work, mBlueThunder can be utilised to handle parallel streaming by
enhancing the device with a parallel processor in order to process more than one
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transmitted segments simultaneously at a time. Another avenue to be investigated is to
adapt two codec players run alternatively as in Sillen’s model.
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Notes

1 Streaming via TCP/IP can be achieved by using the following specifications;
a local area network access pointprofile (LANA2P)
b Bluetooth network encapsulation specification (BNEP),
more information can be found in Bluetooth Special Interest Group (2001).

2 Streaming via L2CAP is achieved by using the audio/video distribution transport protocol
(AVDTP) specification. Further details can be found in Bluetooth SIG (2002).

3 In order to avoid overflow of segments LWB size should always remain greater than or equal
to the size of B1 and B2, respectively.

4  MPEG-4 usage as video codec or streaming over Bluetooth MPEG-4 is one of the newest
video compression techniques that allow much lower compression ratios than the previous
MPEG-2 (Chia and Beg, 2002). MPEG-4 is ideally suited to low bandwidth applications,
exactly matching the requirements for video over a wireless Bluetooth network. MPEG-4 uses
motion vectors between frames to encode temporal redundancy and the discrete cosine
transform (DCT) to encode spatial redundancy. MPEG-4 provides three modes for encoding
an input, these are namely:

a  intra-frame (I-frame)
b  predicted-frame (P-frame)
¢ Dbidirectional interpolated-frame (B-frame).

For further details refer to Maiou and Huang (2002) and Okura et al. (2001).
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