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Abstract - The mm of the research is W design a portable
wirchess mesh networks based on [P PHX fechnology. The
energy source of the wystem 13 supphed from the combmation of
solar cell and batlery. The sysiem emplovs Astenisk FreclPHX
sffware a5 o server configuration media whale the chenis,
lapiop and smariphose device, employ MicroSIF and Bna as a
sofiphone. 13 concurrent calls perform 21.49% of CPU
uitheation, outperforming the previoss research of anmind 71/
The results slso describe that all the metwork

parameters wich us delay, ptter. and packet loss have met the
LGl 1 standards

Index Terms - [P PBRY. Raspberry Pi. VoI, Wircless Mesh
Metwork

I INTRODUCTION

Current iclecommunication mfrastructure has not vel
eovered cvery area, cspecially in rural areas. Hesides
requirmg high fund. the development of communication
mfrastruciure also takes relanvely long nme. Therelore, it
has been considered to buld a lelecommunication svslem
that 1s affordable and can be built §ffin short ime and
should allow independent usage Voice over Intemet
Protocol (ValPy 13 one of the currenl commumcation
wchnologies that rapidly grows. VolP i1s an [P-based
elecommunication technology. The technology can use a
st of mimicomputer ke Raspberry pi as server and
access pounl which funchons as network  provider,
making this technology flexible and portable

Raspberry Pi is a mini computer product for vanous
purposes. Despite its tiny sze. this device offers rehable
functions. The device can oporale i vanous operating
svelems mncluding hnux, windows, even androsd
Compared 10 other types of compuler, raspberry pi is
supenor in term of siee. making this device portable and
il requires relatively lower wattage. Hence, Raspberry Py
can be used as Voll* server using battery as power inpul.

There have been several previous researches on Vol P-
based communication. A rescarch done by [1] - |5] show
that Raspberrv P can be uiilized m VolP real tme
communicabon [or vosce and image messages In o
research conducted by |6]. a communication svslem was
designed usng fwo mini compulers as [P PEX-based.
This rescarch has successfully mcreased the range that

rove veud Fobmiary 22, 2019, revissd Agmgsi 2, 2019
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can be reached by the system up o 200 meters using
WLAN mode Extended Service Set network topology. 11
was found in the research of [1] thet the 70%: of CPL)
plilization of server serve only 12 concurrent calls. All of
those previous rescarches found the device 1o suller from
limited coverage arca and hmited capability of the scrver
in handling concurrent calls.

In this rescarch, the wireless mesh network topology
was emploved to improve the network performance. The
application of mesh wpology in wareless network has
heem known 1o improve the qualinv of concurrent calls
and allow better network recovery mechamizm when the
calls are dismupted m other networks. This research also
emploved solar emergy as power supplyv. making this
device usable in remole areas which have not vel been
cquipped with  electricity  and  areas  which facing
ehectnety problems such as the condition afier disasiers.

I, LITERATURE REVIEW

A v Pi
mﬁihl 1.2 GHz Quad-Core [ M8

processor  (64Bit) system om chip (SOC) B02.1In
wireless LAN, and Bluctooth low emergy (BLE) 4.1 i
can be used in some electronic progects and many things
that deskiop PCs usuallv do. The Raspberry 1 board also
contains a graphics chip dual core video core [V, 1GB
LPDDR2 RAM. on chip antenna for wareless LAN and
Bluetooth. and vanous interfaces for external devices. lis
operating svstem boots on Micro 8D card. can mun in
windows or Linux. It is powerful. small (83 x 536 x
1Tmm). low power consume and cheap [7] Phvsacally,
Raspberry Pi 3 can be scen i Fig. |

Fig 1 Hasphermy m

A Vaice Chver lmternet Protocol (VolF')

VoIP is a voice call technology that changes analog
data mito digital data [1]. Voice data is converied into
digital code and then sent as dala packages through
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miemet media Vol 15 also known as intemnet telephony,

IP sclephony or digital ielephony. VolP provides large
bandwadth capacity thal supports voice and  video
conference [R] The basic concept of VolP 1s descnibed m

Fig 2
e M

!

g 2 Hass comoapt ol Vil

Voll' implements a signalling protocol 1o support the
communicahion between users. The signalling )lullt
work for sciting up amd tcanng down a call

ugnalling protocols arc.

Inter-Astensk eXchange (IAX)
Session Description Protocol ( SDP)
Real-time Transport Protocol (RTP)
Jingle XMPP Vol P exiensions

Private Antomatic Branch eXchange (" ARXI
PABX is a central call switching with some extensions
thai can be used by every user, Each user 15 given an
extension number which allows the outcoming calls 1o be
direcied io the exienszion number. Each wser can also
communicate by dialing the extension numbers. PARX
ivpically provide some lealures o make information

c:n‘y: maore convenient

" Intermet Protocol Private Bramch eXchange
Intermet Protocol Private Branch Exchange (1P PBX) 15
call switching device based on Intemet Protocol (IP)
lechnology using analog telephone as well as [P Phone
exienson. This device provides vanous functions
mcluding the ones related 10 coanection, control. phone

D Rmimal ool U s @lons

BT

discommection,  commumcabon  protocol  translabion,
communication media translabion, even control upon [P-
hased telephone devices such as Vol Galeway, Access
Gateway and Trunk Gateway [9]. [10].

D Aserisk Free" BY

Astenisk is am open source applicaion used in
ielecommunication  svstem  [8]  Asterisk can  be
configured n network that runs on [P, PEX hyvbnd or
phone switching syvslems. Asiensk can also be used n
rouler managemen! as it activales several features and
connects a caller 1o IP from the outside o analog and
duyptal  connect Astensk also runs on  vanous
operaling svsiem Linux, Mac O8 X, OpenBSD,
FreeBSD and Sen Solans that provides vanous features

by PBX

AMexsh Network

Wirchess Mesh Network (WMN) s a wircless
commumcation aetwork opology that 15 formed by nodes,
in which each node has wo or more communication lines.
Each niosde not only serve as a host but it also funchons as
rouler 1o forward the mformation packets o other nodes.
The mamn characienstic of wireless mesh network is 1is
capability in configunng and organizing itsell. or m other
words, il 15 able 1o maintan its connectivity when a node
is disrupted [11], [12]. WMN promises high flexibility,
rehabality and performance over convenbional WILANs.
The implementation of WMN technology can improve
network scalability | 13]

F Network Performance Parameters

Some disruptions might occur o the data packet before
the data reach the . performance of
network such us throughpat. - yitier. and packet loss
should be measured W0 know the quality of the networks
114} 17]. The standard of the network
performances set by Intemanonal Telecommunication
Union - Telecommunication (ITU-T) G.114 are presented
in Tahle .

E

Tamie I PTG RrcossaismaTios STasmen
Dieley fims)  Jiter fms)  Packet Lows (*s)  (uality

i - f 50 0= ¢4 ¥ el
150 Jo0 o - Sa ]-¥ Fair
Al L] k] L
Delay
Delan o the accumulation of delay ime in the
network the time the data packet 15 sent up o the

time the packet data is received Delay affects the quality
Aces as il lakes longer for the data packetl 1o be

received. [TU-T G114 recommends that delav should not

EBced 150 ms i vanous apphications

Jinter

Jutter 15 the vanabon in the ime mierval of arnval for a
data packet at the receiver. The vanation of the amival
tme might be cawsed by congeshon i actworkmg.
improper queuing. weak network capacity, size of the
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data. and the accumulation of the ume delay of each
packet. The delay and jitler are important problems as il

effect in degradation of data packet quality

foss

Packet Joss is defined as the wtal of lost packet or the
ones that cannol reach the recerver The loss of the packet
is coused by several factors including overload traffic.
collusson, error in the devices, and overflow in the bufler
Thronghput

Throughput 15 an actwal transfer rale between source
and destination. measured in bils per second (hps) or
bvies per seconds (Bps) The throughput represents the
average speed of data received by destination node at
certmn networks ime dunng sending and recerving data.

Il SysteEs DEsios

A General Overview af the System

The basic concept of this system design 15 providing IP
PHX-based wircless mesh commumication network using
minicomputer Raspberrv Pi as the server. This svsiem
[acilitales both voice call and video call Fig 3 shows the
flowchart of the system.

hg 3 Hass comoop of the wvstom desagm

B Network Topolagy
This system applies wireless mesh network lopology m

which each server has dilferent 1P address. Fig. 4

presents the system lopology developed in this research.

A VD hmarmal ool O s sl oms.

IV. RESULTS

A The Test on Mesh Network Topology
servers at the same time. The twopology of the testing 15

presented i Fig 4. The testing on this mesh topology
h‘u.ﬁﬁ:{nnrp-|m*nu]mgd:nu
using putty application. The results of the test are
e Tl |

TanLE Il Mesa NETWosE Toss iy

Server I-:I-.ﬂuh'w
wrll ]

Hemarks

' I 11 S
1 :u Swocem
3 = 11 m:u Sucosm
4 H'!!h] |Eh!!: i) Seoous
s {ufn..:.m { l.l=:1h i

ﬂﬁin 1Eﬁlr e
' ||:ru::|} .m"i'?::.. Seceem

B The Test on CPU Performance in Server.

The test was conducted by making several calls at the
same ime while the performance of the CPU in cach
server was being observed. There were 4 servers and
some chents imvolved i this test. which resulis can be
scen in Table [11.

. The Test on (uality of Call in Server

There are four scenanos apphied 1o measure the call

guality of the networks. They are:

* Communicalion between smartphone (5P) and
smariphone { $1).

*  Communicaion between laptop (1.T) and smartphone
(8P).

*  Communication betwoen smariphone (5F) and laptop
{LT)
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o Communication between laptop (1.7) and laptop (LT)
Vioice calls employ the PCMA or G.117 codecs while
video calls use the H264 codec with VGA image

Tamr IV PrermEsascy PanasereesoF LT-LT ros Viosoe
bl A T
e ——— e —

Delay  Jmer Packad Throughput

L omscurecmil -
resolution (640 x 480 pixels) Measurement of call Calls —j-._!; ) ":‘:1 lt’
puﬁrm;-wc-lqﬂnp:wtlrumdlult_; 1 0og T (50
Wireshark applhcation. Tests were carned oul within Line E] 003 78 1.0 K]
of Sight (LOS) condition for a duration of 120 s for cach L] 0 1024 (7] 15.0m
. The call performance parameters observed mcluded —rage om 1w o7 al
jitter. throughput. and  packdfffjloss. The TARLE V. Prmposascy Pasass roes oF LT-LT o Vieso
measurement results for the scenanos test can be seen in ORI WA TH N
Table IV - Table XI. SRS R T mRL
G i) (me) *u) (Khps)
D The Test on Solar Panel Calls r— — ~
The test on solar panel was conducted m ouldoor arca [11] 14 82 0 [
during shiny day from 07.00 AM 1o 17.00 PM. The solar d :“I ;;:: : :;;;
pancl used is the SunPower Model BW-L1 with power ~ et oy
of the device were observed, which the observation Tani ¥ VI Prriomaascy PArAME TERS oF LT-5P FoR Vioscs
results are presented i Table X11 COMMRMCATION
c Iclary hiser  Pachethms  Theoughp
V. INSCUSSIONS Calls | ] (Khps)
. . e Vs
—— 100 .10 o] R
A Analyzis of CPU Performance ; ) TED | i FTh]
Fig 5 shows that the number of concurrent calls 3 ;: ll:: "1: “g
calls in each server ingger the higher CPU server usage :
Tt VI Prasossancs Parass Tiks oF LT-8P o Vi
It can be seen in Table 111 that there 15 an increase m CPU ..;;.“.“-,m..t &
usage whem 13 comcurmrent calls wath an  average Delay  Jiter  Packetloss  Theomghput
percentage of 21 49 *-"T;::- (ms)  {mw) e (Khps)
0 Video  Video Vidso Vidkew
1 B i 171 [0 0%
_ B 2 %50 [ET 000 T
€ 20 1 68 2200 330 SH 40
B Arerage 1.1 17 00 11D 07
£as
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x Cahini wic A Thow
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1 2 3 4 5 ¢ 1 2 % BURD Velge _ Valse L] Valey
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B Analysiz on Call Performance
Delay

Based on Fig 6. vorce commumication with lapiop and
laptop scenanios show the least delay value for both voice
and video calls of 0.02ms and 0.01ms respectively. The
haghest delay occurred i Laptop 0 Smarphone
communication for video calls with a value of around
110 ms. The delay values still meet the standards

required by ITU-G114.

110 oViace BVides

LT-LT i I

. 5P
C ormrmyecabon Devwes

12
106
5

AL

[ by (]

400
o Oy

Fig & Average delay for vesce mnd vdeo comnmmnscst s

Jitter

Based on Fig 7. all types of scenanos show that vice
call has a jitter value smaller than the one m video call.
The higgest jitter value was found n the communication

o 3N il ool o i b s

AL
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between Smartphone and  Smartphone  for  video
communication al 1967 ms. The jitter value 15 quite big
compared to the jitter value for voice communication of
4 43ms. However, those ptter values are smaller than 20
ms which conmdered good according w0 ITU-GI14
standards.

19 &7

®
J
5P - 5P

F‘ T ,ﬁ.wﬂ-ﬁrhuﬂ-lib_m

17 0 [ B 4 &Y

{omaescation  Dovices

Jil.. f il |

Packet loxs

Fig. 8 presents the average value of packet loss n
voice communicahion, ranging from 0.27% - 0.97%. The
values meet the good standard by ITU-G1I4. Video
communication has a higher value of packet loss from
0 63%s for communication between smartphones to 2 B0% s
Fest commumication between laplops.
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Fig. 9 illustrates the average value of throughput for
vorce and video commumication. The average throughput
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vanies between 5022 Kbps and 7883 Kbps for video
laptop and laptop has a smallest average value of
throughput at 12 51 Khps,

C. Awalysis of Solar Panel

Solar panel testing was carned out between 07 00 AM
and 0500 PM. During the time, the power hank battery of
solar panels was recharged. The output of the solar cell
lesting can be seen in Table XI1. Afler 5 PM. the power
for the server devices were supplicd by the battery. Hased
on the test results on the servers, the system ran normally
supphed by solar panel and battery. Therefore. the svstem
can be used in areas withouwt electricity or areas that
experience clecincily problems such as natural disasier
areas

V. COMC LUSIONS

A 1P PBX-hased telecommunications syvstem developed
in this rescarch can be used for both vorce and video
calls usang wircless mesh network opology.

B 13 concurrent calls wok uwp w0 21.49%% of CPU
fesouTce.

C. The highest values of delay. jitler, packet loss, and
throughput occurred in voice calls of 3.50 ms, 10.37
ms, 097, and 53,10 Kbps respectively. While
viden calls. the largest avernge value of delay. pitier.
packet loss, and throughput is 11.10 ms, 1967 ms,
280%, and TRE} Kbps respectively.  All

communication performance  parameters meel  the
standard communication requirements set by [TU-T

G4,
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