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ABSTRACT

Video streaming over Bluetooth network as a medium of learning at higher education in the world began in 2004, in
Indonesia, it began in 2012. Unfortunately, the development of video streaming using Bluetooth network has not been
used optimally in the field of higher education, especially at client-server distances reaching 50 m. This is caused by the
video quality received from the client is not good and not according to Cisco standards. This paper proposes a solution
by providing a good video quality based on optimizing the performance of video streaming data rate transmission over
Bluetooth Piconet Pervasive network, with Android OS on the client-side. This research is quantitative research with an
experimental method. All average values of throughput, delay, jitter, and packet loss parameters are eligible for Cisco
standard video streaming for 50 m measurements, where packet loss is below 5%, the value of packet loss parameters
obtained has the highest value of 4.97%, and the lowest of 4.88% with an average value of 4.92%. This research
contributed to providing a good quality of video streaming over Bluetooth networks. The results showed that the greater
the interference of Wi-Fi on the Bluetooth piconet pervasive network, the quality of video received by the client (mobile
phone) decreased, marked by the increasing value of the average packet loss obtained during the video streaming.

Keywords: Bluetooth, Quality Optimization, Data Rate Video Streaming, Piconet Pervasive, Client-Server.

1. INTRODUCTION

Research on Bluetooth networks in the field of
information and communication technology or the field
of electrical engineering as a supporting learning
infrastructure has been developed. This development
research addressed the performances of Bluetooth voice
communication system under interference and simulates
Bluetooth voice communication system using Matlab
Simulink [1], streaming video using a Bluetooth network
on a computer with a Linux operating system, resulting
in the time needed for streaming video transmission, the
greater the size of the data packet sent [2]. This study also
resulted in the difference in the Bluetooth version on the
cellular phone side, influencing the number of data
packets that could be received by the cellular telephone.
Video Streaming over 802,11b in the presence of fading
due to human traffic and Bluetooth interference
conducted in 2009 [3], and an adaptive approach for
video Streaming and evaluation over Bluetooth network
in 2012 [4]. A system was developed to make it easier for
students to understand the working principle of video
transmission using Bluetooth networks, by testing
various video streaming transmissions using Bluetooth

networks on cellular phones to stream video clips and
real-time videos from cellular phones to computers and
from computers to cellular phones, using the Java
platform [5]. As a result, the quality of the video sent
decreases with increasing distance and the presence of
Wi-Fi interference. The research in 2017, resulted,
recommending that for peer-to-peer and client-server
communications carried out on 1 channel, the protocol
that can be used is RFCOMM, while for many clients,
using point to multipoint topology, the protocol used is
L2CAP [6].

Some ways to deal with the weakness of video
streaming using Bluetooth networks include video
compression, Quality of Service (QoS) control, and
intermediate protocols. Video compression is used to
eliminate excess video data information, thereby
increasing efficiency in Bluetooth network transmission.
QoS which includes congestion control and error control
is used to handle packet loss, reduce delay and improve
video quality, while intermediate protocols are used to
split video data into packets before being sent [7]. The
research that collects data through investigations to their
students about their perception of Bluetooth security,
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resulting in communication via Bluetooth can be safe but
still careful in its use. This study suggests that learning
about Bluetooth communication technology be included
in the college curriculum [8]. The Bluetooth system can
be integrated into Android, which is the main cellular
phone operating system as a mobile communication tool
today. This study also developed a chat application using
2-way communication on a Bluetooth network, without
other infrastructure. This research is used to develop
learning processes based on Bluetooth networks [9].

Previous research on a Bluetooth Piconet Pervasive
system, it produces the best performance from the system
in transmitting data rates via Bluetooth networks. But the
research still runs on the Symbian platform on the client
side [10]. Therefore, in this research Piconet Pervasive
system was developed, which runs on the Android open-
source operating system on the client side; which is a
cellular phone operating system that is widely used today.
The system produces the best performance on the
transmission of real-time video streaming data rates
through the Bluetooth Piconet Pervasive network,
according to Cisco streaming video standards. The design
is based on Bluetooth Low Energy (BLE) communication
with peripheral devices [11].

The purpose of this study was to develop a Piconet
Pervasive system that uses a client-server connection
point to multi-point topology using the Android operating
systems on the client-side (phones), which meet the video
streaming QoS standards, both when transmitting video
streaming data rates and on the system Piconet Pervasive,
in environments that have Wi-Fi interference or that do
not have Wi-Fi interference.

2. METHOD

The research method includes several stages of
research, including Piconet Pervasive Bluetooth network
system  analysis, system  design, audio-video
compression, hint track, optimization, system testing,
performance measurement, and analysis of measurement
results, system optimization, and implementation.

2.1. Piconet Pervasive Bluetooth System
Analysis

The Pervasive Piconet system is a piconet system that
connects two different devices so that the existence of
these different devices is no longer felt. At this stage,
identification of the needs of the Bluetooth Piconet
Pervasive network system. Needs identification is based
on literature studies and literature on hardware and
software needed during the research. Literature studies
also include multimedia on cellular phones, audio-video
processing, Bluetooth connections from cellular phones
to computers, and from computers to cellular phones.
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2.2. System Design

At this stage, prototype design and construction are
carried out for Bluetooth connections from the computer
(server) to the cellular telephone (client). The design and
configuration carried out on the server-side consist of
software and hardware.

2.3. Audio Video Compression

The compression process is used to reduce the video
data rate. Data must be compressed before sending it via
a Bluetooth network. The compressed data consists of
two parts, namely audio and video, including frame size,
frame rate, codec, audio rate, sample rate, and channels.
The video that has been compressed is then sent via a
Bluetooth network with limited bandwidth.

2.4. Hint Track

Before the video is sent, the hint track process is first
done so that the video can be run/played on the client
video player. The hint track process is needed to give
information to the video so that it is ready to be sent and
can be recognized by the client. The bandwidth obtained
from this process is the limit of videos that can be sent.

2.5. Optimization

This stage has done when the system can work but
has not yet produced the expected value based on Cisco's
standard video streaming QoS [12]. Optimization on the
server has done by tuning up to maximize server
performance, while on the client-side optimization was
done by minimizing running background, which
consumes memory on cell phones.

2.6. System Testing

System testing aims to determine the ability of the
Bluetooth network as a video streaming media and to find
out the quality of the video received on the client-side.
The protocol used is RFCOMM with an intermediate
protocol in the form of Internet Protocol (IP). The video
data rate tested is 0.8 Mbps. 1.6 Mbps and 2.0 Mbps,
while the distance to be tested is 50 meters.

2.7. Performance Measurement

The parameters used in measuring the performance of
this Bluetooth network are throughput, delay, jitter, and
packet loss. Measurement of this parameter uses capture
network traffic.
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3. RESULT AND DISCUSSION

3.1. Result

The measurement starts with sending a video that is
50 m away from the server, in an environment that does
not have Wi-Fi (-100 dBm), and an environment that has
Wi-Fi signal strength of -78 dBm and -58 dBm. After
each video is measured, then comparison and analysis of
the measurement parameters between the videos are
carried out. The results of measuring video streaming at
0.8 Mbps data rate and 50 m client-server distance as
shown in Table 1.
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Based on Table 1, it can be seen that in an
environment that does not have Wi-Fi (-100 dBm), the
highest value for throughput parameters is 3.54 packets /
second and the lowest value is 3.49 packets / second with
an average of 3.51 packets/second. The delay parameter
has the highest value of 0.69 milliseconds and the lowest
value is 0.67 milliseconds with an average value of 0.68
milliseconds. For the jitter parameter, the highest value is
0.02 milliseconds and the lowest is 0.01 milliseconds
with an average value of 0.02 milliseconds. The packet
loss parameter has the highest value of 4.38% and the
lowest value is 4.34% with an average value of 4.36%.

Table 1. The measurement results carried out on the client-server distance are 50 m, data rate 0.8 Mbps

Throughput 5 o) 349 349 351 351 342 341 339 351 343 332 333 328 333 332
(packet/second)

Delay 069 0.67 069 068 068 089 0.87 091 088 089 096 098 095 099 097
(millisecond)

Jitter 002 002 001 001 002 002 0.04 003 003 003 002 003 004 004 003
(millisecond)

ZZ‘;"H LOSS 435 434 438 438 436 469 4.66 4.65 4.68 467 497 493 488 491  4.92

In the delay parameter, the value obtained is in
milliseconds, with the highest value of 0.69 milliseconds,
this is following Cisco's QoS standard which allows a
maximum of 5 seconds to stream video streaming. While
the jitter parameters in video streaming do not have
standard standards because streaming video is not jitter
sensitive based on criteria issued by Cisco. The Jitter
parameter is closely related to the delay parameter, and
the jitter parameter can be used to determine the stability
of the data packet transmission.

In packet loss parameters, the highest value of packet
loss is 4.38%, where the average value is 4.36%. This
value is still included in the standard for streaming video
based on Cisco QoS, where the standard value that is still
allowed is <5%.

In environments that have Wi-Fi (-78 dBm and -58
dBm), the highest value for throughput parameters is 3.51
packets / second and the lowest value is 3.28 packets /
second with an average of 3.43 packets / second in the
environment with a Wi-Fi signal of -78 dBm and 3.32
packets / second in an environment with a Wi-Fi signal
of -58 dBm. This shows that the stronger the Wi-Fi
interference, the lower the throughput value.

The delay parameter has the highest value of 0.99
milliseconds and the lowest value is 0.87 milliseconds
with an average value of 0.89 milliseconds in an
environment with a Wi-Fi signal of -78 dBm and 0.97
milliseconds in an environment with a Wi-Fi signal of -
58 dBm. These results indicate that the stronger the Wi-
Fi interference, the greater the delay. For jitter
parameters, the highest value is 0.04 milliseconds and the
lowest is 0.02 milliseconds with an average value of 0.32
milliseconds in an environment with a Wi-Fi signal of -
78 dBm and 0.03 milliseconds in an environment with a
Wi-Fi signal of -58 dBm. The difference in the numbers
obtained by the relatively small difference in value
indicates the stability of the network used.

In an environment with a Wi-Fi signal of -78 dBm,
packet loss parameter values obtained have the highest
value of 4.69% and the lowest is 4.65% with an average
value of 4.67%, while in environments with Wi-Fi signal
-58 dBm, the value packet loss parameters obtained have
the highest value of 4.97% and the lowest is 4.88% with
an average value of 4.92%. This shows that the stronger
the Wi-Fi interference on the network, the greater the
value of packet loss.
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Figure 1 Comparison of measurement results at 0.8 Mbps, 1.6 Mbps, and 2.0 Mbps data rates

All data of delay and packet loss, which was obtained
in this research have met Cisco streaming video
standards; with a standard maximum packet loss is 5%
for a data rate 0.8 Mbps. The value of packet loss
parameters obtained has the highest value of 4.97% and
the lowest of 4.88% with an average value of 4.92%, in
an environment that has Wi-Fi, the client-server distance
50 m, that is by doing optimization to get the best
performance on the Piconet Pervasive system. Figure 1
shows that on the other side of the measurement, for data
rates of 2.0 MBps, we found some errors, especially for
environments that have wi-fi interference of -78 dBmand
-58 dBm, which means getting packet loss> 5%.

3.2. Discussion

The results showed that the greater the interference of
Wi-Fi on the Bluetooth Piconet Pervasive network, the
quality of video received by the client (phones)
decreased, marked by the increasing value of the average
packet loss obtained during the video streaming. The
results indicate that the stronger the Wi-Fi interference,
the greater the delay. The Jitter parameter is closely
related to the delay parameter, the jitter parameter can be
used to determine the stability of the data packet
transmission, the closer the value of 0 is the more stable
data transmission.

4. CONCLUSION

In this paper, we present the Piconent Pervasive
System as a video streaming quality solution running on

smartphones for almost seven vyears already. Our
proposed Piconet Pervasive System uses a client-server
architecture, communicating with the other phones via
Bluetooth. In this case, we use at a certain location

several phones, receives media content from the
computer server. We wrote down also some
considerations regarding fault tolerance, in an

environment that has wi-fi interference, which does not
meet the Cisco standard for video streaming Quality of
Service.
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