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Abstract

The purposes of tis independent study were as follows: (1) to study the theory and
knowledge of internet telephony and collaboration with the IP-PBX system; (2) to study the
development for Raspberry Pi board; (3) to compare performance, advantages and
disadvantages between IP-PBX system using Asterisk software operation on a computer
server and on a Raspberry Pi board; (4) to obtain IP-PBX at an economical price.

The research methodogy includes three main methods: (1) To design overall
architecture of IP- PBX system using Asterisk software based on a Raspberry Pi board and
setting up with numbers of CAT2Call Plus, (2) to develop functions of the IP-PBX system,
and (3) To integrate an IP-PBX with network system that covering calls via LAN, Wireless
LAN and between branch via organization intranet and internet network.

In conclusion, the study conducted the experiments, and found that; (1) IP-PBX
system applied on the Asterisk software and run on the Raspberry Pi board can be used with
the number of CAT2Call plus well. However, the system result when comparing server
computer shown that overall calling quality was not different when being tested in the same
network, period of time and device, (2) the system could supports the basic functions
including incoming calls, outgoing calls, calls forwarding and verifying the Call Detail
Record (CDR), and (3) the system could reduce cost, flexible and energy saving.

Keywords: IP-PBX, Raspberry Pi board, VolP
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alaw U1z 15118151 (Europe) @91 G.711 ulaw uaz s luanigomsn Fansaeaninsgiu
< ' o 1 o oA £
NADINITFOITRY Q1Y (Bandwidth) 1 64 kbps Taena ludrgunsainldauluszuy VoIP 1iu

[} g’/ a o 9

) 2z o Az A q v
fﬂzﬂﬂﬁﬁﬂﬂﬂﬁﬂﬂuiﬂﬁﬁanﬂuﬁaﬂ uaz“lumm%uﬂ%mmgm G.711 the 1% lumsnaaew

v 9

I
Wuranaie



12

4. nasgrazlilslaneanlyanulumaluladl Voice over IP (VoIP)

TsTaaeanldaulumsdos VoI uuseoniu 3 Usznnie
4.1 TslaneadmsuSudedyanamivan 1sznoudie

4.1.1 1sInnoaa SIP (Session Initiation Protocol) f1¥iualaga i1y
MR IAIUIAINTTUDBUMBS i@ 115 © IETF (Intemet Engineering Task Force) 13114 REC3161

9 a

TisTanea sip lafuaanyas id1Ayvesmsaane 13 2 diude

'
Gl ]

1) @MYeUATONGNUIY (User Agent) W1A'lA 2 daugon Ao
(1) g0 (User Agent Client: UAC) vt lumsisumsveisenmsda
9 v 9 =) v A v
donnu ldsdgnison T umanioauiaig
(2) gioLoa (User Agent Server: UAS) i Tumssudiosve uag
1 oy ] < o
ADDAUBIADMTIUD TABIZIOMIABLALDINING 1T Fansaouauetonvzumseensy
A a =1
WsoUasnsizen
2) @IUVBUATONUNYIE (SIP Server) ANNTALUI0ON 1 3 Uszian
(1) oY 1ensondved U5 lnneas (SIP Proxy Server) i1
Winnszyed nazdetonnuiosvenisiamatu (INVITE Message) 71 15 uae ldunsoq
1 A A' [N} (Y] 1 1 9 9 a [ 31/ [
an1e oI vea 1 tazdsedennuaeuaueinisoswemstamasuniunay i
MAUFUMaay
A "o U ] = Y A A [} 1
(2) IATONUN Y1 (Redirect Server) NNUINTEYNOY 1AL A
9 IS o A A 1 A v A A " (2
donnuaoUauoIMIaasunszyNegueuniosgniuielalsnie vionsowmaiena i
o ¥ A VA A o A q v A VY oy v )
nalU1vies eagnaueisesvemailaasuu e ling osgnuteriudsdoanuiesvemaila

wadulldunsesgnitedatenis vsenseauanenall Tasass

(3) 1AT0UUYIeT M TUNITANNTEU (Registrar Server) HHUNT U

9 ~ . A ' 3 v Ao & Y] '
VDAIMUANINSLUYU (Reglster Message) fl]']ﬂlﬂﬁ'ﬂ\i@jﬂr’]ﬂﬂ !Laglﬂﬂm'ﬂﬂgacﬂi]’llﬂuella\ilgﬂ&]f\ﬂu LU
A

4 a =\ 4
pge15uoaveelislanoadil (SIP URL) naneray loi (IP address) 1Az HU181@INOTAUDY
4 I 4 (BN 4 4 (] ' 1
gl ieidludoyaldinsoanianensond (Proxy Server) 1ag 19504188900 (Redirect

Server) 19 1umsvinau
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o 4 [
4.1.2 1slanea H.323 Mviualagesansanan Insauuiauszrnalssmea
I 2 o
n3e ITU (International Telecommunication Union) Wuuias FIUYALTNUDY VoIP Tagl¥iu
t4 . I v
Qﬂﬂiﬂ!i%‘ﬂ‘u Video Conference 1) utian
. I Aa
4.1.3 1slanea MEGACO (Media Gateway Control Protocol) 1115 Innoani
MSIUIINAUTZHIN ITU tag IETF
o YY) 4 aa v 2 9
4.2 Wslaneadmsusvasteyandnoavasdyananaess Usznoudig
] I
4.2.1 RTP (Real -time Transport Protocol) RTP %3 0i38n31 Media Port 11] 1
4 1 1 a (% o o w
wosAlavg 9z dWoyananse Imslszina (Time Stamping ) FMUAMIIAYE AL (Sequence
Numbering) e 492 $1¥11AA1 Timestamp M19%5 092 1581 Timestamp o minaTanIzigndoaly
1o ) ¥ v & = " Y o
msuaasna Tag lilinsasndounnugnaesusdoya asiudsdmsodstoya 1Apg 19590157
o { ! v . o . 5 . '
Wmrhndsdayanoudesna (Voice), wilnd (Facsimile), ¥0A211 (Message) 11ag3d 19 (Video) 351119
v o X
aunauazdaenia 15 Taneatliuuunug M99 UDP (User Datagram Protocol)
4.2.2 RTCP (Real-Time Transport Control Protocol) 730138171 Media Control
I A A 1a o o o { 1 o w o [ ] o
port i unesamuAogAaiuny RTP ¥1111 1M A10AY Media 5 UA 19 UNITTUE I AOU-MET
INOAILANATMNMTUI M (QoS - Quality of Service) Yoyyanag lu RTCP azilsznoulidedoya

Packet Loss, Jitter, Delay, Signal Level, Call Quality Matrics, Echo Return Loss

5. malulagszuvlonniend (IP-PBX)

v v
= U

5.1 anudmluinganuszuylenndend (IP-PBX)

U

4 1

loWiitilens 150 IP-PBX 6811910 Internet Protocol Private Branch Exchange
I o 4 4 o L o { @
hugdnsainldlumayonTes muauniesInsdni luszuy tazsimihivanvedaueie

o 4 1 4 ] [}

TNIANN (19UF2VY Voicemail, IVR, Auto-Attendant) TUMI5 A0 a5 MUTEHIUITZVVIAT DY
a <3 A A =
UNTUUANTOOUNOIITA

) A A A o 35 o 9 A A Y
Tﬂamsmmmjm”l@wwmaﬂcﬁumzmwummu@u AYNT18 PABX Iﬂ&ﬂz

o Y A & 4 o ' Y @ ' AAaA 4
ﬂ1ﬁu1ﬂlﬂuﬁuﬂﬂaNcl,uﬂﬁ‘l/n\ﬂl‘l L¥U ﬂﬁ‘ﬂﬂ’du‘ﬂﬂI‘ﬂ‘il’lﬂEl\iﬂﬁﬁl‘l/lN‘l’HﬂlmulﬂWWUl,ﬂﬂ%

o ]

4 ~ A A ] a 4 . < v
uu%zmqmwmiwﬂawma FEUUVATOVIEADNNUNDT (LAN/Wireless LAN) wWuvian

[

g’; U= o o 9 1 1 A 1 a o
2N ucl,uﬂ']‘iﬁ\uﬁfl\?llﬂﬂ\‘]ﬂa18‘1/]']\1iﬂlﬂu@]’EN’(?NW1u5$°lJ°lJLﬂi’E]61ﬂEJﬂ’E]3JW’Jm@§

Taoidoanazasazdeagnuias lihilu jnuudiialaoginsel voIP fenuisadadayaiairiu
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9
= =) %

A ] Y 1 A I o ~ 4 P
szuUns 01814 neunzgnulauludynrandednaisiiglnsaidatenie Tasginsain

9

Y ) 9 o Y Zl Y I o A o ° '
%zﬁﬁ]ﬂumﬂ%ﬂuﬂu 7811 IP-PBX ummmtﬂu’qﬂﬂimmmiumimﬂmmu VoIP 1%U

1) IP-Phone 30 1504 INTANN I IP

[

2) ATA ¥3e inseutlasdaana VoIP Iiludayanas Voice Analog

g9
9

[ I a Y 4 a 4
3) Softphone 30 TUsunsuInsAninaninsadnas lauumnsesneuiuaes
wazausa Tuly
G d' [ 4
4) TP Phone ¥301A509 INIANNIZVY TP
o’d’ d' [
5) ginsalau 9 N350335
d d
5.2 UszlavimazYenveaszunledindiond
a 3’, Y
1) ausaaand lade
2) annsaiugaeInsdwd 1d Tasdon @
@ 4 o o 14 aAAaa
3) szuda iesnnansa Insminuns lums Insannuuszuy ledind
< o A %]
OAFIAGINY
9 o 14 ] . = L4
4) 11150 1%9U52 UV INTANNUUUTHUAIN (Video Call) mnuqﬂﬂim
A 9 Y |
nyeesulunsaeedanaunu
@ A 1 o 9 A 9 Ana g 1 1 3
5) F03TUMATeUARAUTTUUFIUTYA tiloale TofiiTiongdiulvnaiilu
4 S v Y A a o 1 2 o 9
oAl aaiumsmuENTanFuag o 39 1d4e
° o ° v ' A d o A aa
6) msthgesne aunsamldaennszuuiidonduuway Tunsaiile
AAAa d 4 gl/ o a 4 (B
WANDDAFUY 9 FOUDUABNNIADT LY
[ o Y 9 Y A .
7) ses5uszuumsmilvseuynsouleiiunaoaial w5e HA (High
Availability) tWeaana1nszuuznatayvazdovga liusns
8) @1M150FoNAD INNUA 1R DINIT VoIP Operator 14 Iagasuieiild
anso Insemdt llgaszuuInsdwa 1dlusimnlseudaninnn
Y
9) se5UEMIAATINITTIIUT AU TUNITZUD 1T89 (Voice) Fo3a (data)
1agIa 1o (Video)
= [ U 1 9 = [ 9 v =
10) ¥auasansuinninlumisdaveya@es 595 UMTIITH AT 8

(Encryption) N9MIUIEULIATOU 16
ryp
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Yy v Y A AaA J
5.3 maﬂaﬂmassuu"lewwmanm
P [ a 9 v A o A
1) im”lqﬂﬂiquqmwszuumu g HINADINITWINFUNUNITN1IUN

nainvaney

9
(%

Y =) A 1 a =1 o 9 1 == 4
2) ADINTTUUAITDVIY NITAANIUANNEUFOUNINNINTSUUWU LD N

wali

Y A ) A A a AdAa Y A '
3) %3@]@\11]ﬂ']i@'l\iﬂ'ligﬂﬂlﬂiﬂéll']EJLW‘JJL@]‘JJiuﬂim‘i’I‘JJ VBUANBYUUIZVUNIN 9

o ldiulangunmdsse: lufidgym

F4 i1 v
) TuiludedlFlwideslunniuniesInsdni onnddymlunsaind i

v ]
[ = =

du Fauddyn 18 Tasl¥einsalndedrsianninaie Wil 1 daiuaseq'ld (PoE switch)

wiomslgszuudises lWihntlszansam

Jd d a d .
6. wavlaIsueamosan ( Asterisk )
a a J o o w J . I 4 J
NAANIY 72350517 (2553 :38) 1A 1WA 1nan11m 1391 Asterisk i uzoranas
o 4 J : o a oa ] .
szuu InsAnsiuu IP-PBX duysoinu Feamnsosinnu ldnateszuul§aianis i linux,
: Y v A 7w ]
MAC OS X, OPENBSD, FreeBSD (1a% Sun Solaris 1ag launsdaaseniansunisldauvea
o 4 Y] ] Y]
A 1n3AWN PBX (Private Brunch Exchange) A0 g4 13117 Asterisk 5095UAUSZUY VoIP
[ [ . o [ Y 4
va1e 15 IanoayunIns§Iu 15U SIP, H.323, IAX, MGCP,SCCP #95095Unus2un InsAni
A g y 7 o '
nilumasgiuag Igasaurinsin liuwa
4 4 a s < 4 4 4 I
gorauasuednesan 1Wurenas lotnusesa (Open Source Software) 11 1UDY
a o = 9)4' o a 4 9 1 [ 9
U3HN Digium Inc. UANNAWTDHAINHAW gnilweamesan 1uU1dau drulngez1dau
4
Tuanyazaaas 11l
] A 4
1. wudlu ledifitiend
o <
2. MU Gateway
o <
3. 113U Call Center
] Y Aa 1
4. MU VoIP Server 1HUSMsunasIsae
?a'.: 1 4 % a g’/ o a 4
maaan e 19 ldnuiansuveaommesas Iauu ausasimsinouiln 1ud
@ % v 1 [ 4
TuarTsunsueeliaunsodanmsms Insidn Tnseen Feidoniumwums MsAny (Dial Plan)
' = v JY A 0 9 o o = ' 2 a
uamsweuuEy InsAnndssianusinguaziinlamdaluszaunile uaneuii Tl sunsy

A Aa o

A o o A 9 vq @ a n'ulsz- 2 = A a s 2q Y
ﬂmaaﬂmﬁuuﬁuu !W@iﬂiﬂf\‘ﬂﬂ!lﬁﬁ!ﬂ@iﬁﬂ ANV INUY V]T]Wﬁ@%f]“l/\lﬁlniclﬂﬁ'm'ﬁﬂ
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] IS a 4 { v . . . @ 1
THmrududumes mlaniZenin API (Application Programming Interface) $2981311/51A5%
~ o o 1 I o ] 3 a 4 9 a
nieenuaiuayusy FreePBX Wuldsunsuiiniuriuiuduwaeswa w1 13nouiln

[ o ¥ . . I { o ]
Asterisk Tagmniz ludou@sumdad9911 Asterisk 199 199 Elastix 191 1500500191161
g a 7 2 da . '
Auawmesa Tasaze1lsunsunats q Tsunsu®Iny Asterisk, FreePBX 315910

o X g o 3 o
1001 135090 T115UNTUAD AsteriskNOW & 13 U13190UA8INY Asterisk N190NUIA2Y

o A

[] 1% a a g}/ 4 (BN} 4 I 4
iy ez luaeIvein 19 1U5unsy AsteriskNOW lums@aaauuasoaidnaiodlunsod

= @ AaaA sq ¥ J A J Y
wSeumeunu lefindendnldauuuvssasiawssinie Tasa1u1sna1id 1vaa laaln

ALyt http://www.asterisk.org/downloads/asterisknow

7. AoNNANRSHUUAIAI (Embedded computer)

A s o S A A s 3 X
ADUNUADTUUVAIAD Embedded Computer 11/11AT0IAONNANBSYUIAEGN H9
d" @ oA ~ q 1 A a 14 ' I Y A A
szuviazidiaraslugnsaion o A lulansesnouianes awisoneginsel lamieunses
a J ] 1 J
luTnsnounuaes (Micro Computer) I8 15U N1sABLEAAINADDNNIOATIN N13AD 1HIU
s s % < k4
Tdwnd Aduesa 4a4 uaziivl GPIO H3aw150dan1591n3al Embedded Computer 11150
Uszunana 1@ Ineliszun117Ans (Operating System)
@ a 4 @ @ Jd @
TutlagiiuaeunamesuuudediumsnauIsanuIvaInyals tasilanduuas
A v @ A v 9 Aa 1% J o Y
anuesomieutazuanannu llawusinduaauazdaglseasananlumsldau 9n

I @ v ~ J a 4 @ J
Aualeg1amsdseueuUeTAnBNNANDTLUVRIA MDA il
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A % 1 = 4 a 4 @ J
15190 2.2 Mg NMsSeueuUaIARNN AR TUUUAIAILIAI 9

Ha BeagleBone ODROTD Pandaboard Raspberry Pi Intel Galileo

Board

Raspberry Pi 2 Model 8
ODROID-C1+ OMAP2450
e vk - R
et o oy e hitps:l/stare. anduino.cofbma_cache/s/Sb7afAbTE
e AQASIOLPIMCCRIGE - X | 44050605 Defbbld2 sf5e1b.imace.538x354. ipg
- T hrmiogc AR CoterE- ASERT) I
Processor RN et i AR Coe A 15 s & —— R xfm?ﬁb 5oC Imel® Quark™ SoC
MMC or-board flash slorage |- Mai™-450 MIF2 GPU (D=L ES 20/1.1 ensbied powerful ARM Conex-A7 based quad-core |
=cfics sosmstr for Liruax e Akt

|- 1G0yt= DDR3 SDAAM

memory capadity 1o 1Ghyte

Connectivity | U ot Tor power & commancsios = - 7o 8 [ 7 ziz= S0/E cmvd copm wn et 7 |- 4 USB pors ~Oiparating Volage 3.3V [ 5V
USE fest HSI00 Flash Sorage sict | UM - [FigheSpesd 8 HigheCapeeity S0 ol - 40 GPI pins - Input Voltags 7-15V
et 50 MicraSD Card sict - |- HOML w13 Connectar {Type 4) to diwe HD - Full HDMI port - Digital 1/O Pins 14 (of which & provide B/12-
HOML s Hoxt x 4.US8 OTG x 1 (power + dela  |d - - Ethernet 10/100 BaseT bit PWM output)
Zx 46 pin headers e ) R D e - Combined 3,5mm audio jack - Anslog Input Pins &
! | o st video - Flash Memary 512 k8
| Ot 107100 Snermet - Camera intrfa - RAM 255 ME DDR3
35 Aua et Display interface - SRAM 512 kB
|- 812,11 tvgrn (Bewed on Wilink™ 6. - Migo S0 card skt - Flash Storage BME
|- Bhustoctn® v2.1 + EDR (baved on Wilink™ 6.) | - VideoCore IV 3D graphics core - EEPROM SkB
1x USE 20 High-Spe=d Ont ot - Clock Speed 400 MHz
2¢ USE 20 HighhSpe=d - PoE compatible
Genersi prmore ecomnmion hesder (120 GPVE,
uss, MMz, DS, 7MY
Comera expmmion fiester
Software = b = Anasa OF [ e i Pyt  Respbian -Micrasoft Windows
B | fnred - Ubuntu MATE - Mac OS
|- et |- et s . . Limax
|- ot 102 o tase e f Bammcrist rary |- s - Windows 10 10T core
| g muzh mare - OSMC
- OPENELEC
- PINET
- RISCOS
estimated pric{Uss 37 US% 37 (ODROTD-XUS Lite USs 55) US$174 (PandaBoard) US$ 25.65 US§ 85.25 + VAT
US$183 (PandsBoard ES)
an 5. Ivoern oo P Ry -5 e P T hittos: [vavevi.rzspharrypior hitps: [ eovevs.arduing.cejen] Arduno Carfedling
£ =GzliscGand

8. UB5ATIAIUB5TINY (Raspberry Pi Board)

wa d it
8.1 1J§$’Jﬂﬂ]ﬂﬁﬂﬂ§ﬂﬁ1ﬁ!‘ﬂﬂiiw1ﬂ

a 4

s o= - g s Y

UDIAITIFLUDITINIY (Raspberry Pi board) 1Wuvosanoun 1A TUUUHIA

o a = 4 v v ¥ g aa .

s1msznda Lﬂﬂﬁnﬂ]li’]mﬂﬂ]ﬂﬂiﬂﬁl!ﬂiﬂmﬂi%TJ@Qﬂi]H Tﬂﬂﬂ@ﬁﬂlﬂugﬁu‘ﬁ Raspberry Pi
. Y o Y 1 @ o ?1’1 A Y o 1

Foundation ﬂTEJGL@]ﬂ]i‘VITQTHmﬂQﬂQﬂlliJWQQWﬁﬂThli anuadlunelydmsumsaounas

) v A v XK . a d%’ ~ A a [ a2 J
d s visouveainane luean Computer Science navulul NW.A. 2549 NUUNMINYIUANVIAD

a -4

o a va ] I &'
Uszimadangy 145z 0uU{iAn 151N (Linux) 15U Raspbian (Debian) 15U ugIv n13

a

] A le 1 o [
91 U1Y Raspberry Pi 1@avaNTI W14 Element 14 1ag RS Electronics 3111118 Raspberry
. ¢
Pi neoou lal

A 7 o=l ~ A ' S ¥
!,uENiﬂﬂ‘lJﬂiﬂi1ﬁlﬂﬁli‘iw1ﬂh‘i1ﬂ1gﬂ mmmwaumqﬂﬂim"lmimmima

g ad 4 a

T J A o A [ Y = J <
U LT AgUDIA %@ﬂTWﬂ@gJW3!@@5“5@%@1%5%?‘”%5@\151] HDMI Ill@,aﬂa'ﬂ\i DINBDILUA

4 I { A o J o adg a J =
uazdu q Jedluitemiuniszgna 14 lumsiInssounea lWih sdonseting wu msfou

3 ¢ < g A 23 sw &
Tdsunsudanuauauglnsal wseidlwasosnouiuaesaslazvinamn udu
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8.2 AaNUAMINAUA (Specifications) mmummmmaﬁ%wméuﬁn 9

18

o 4 o= o 1 1 % oA o 1 1
Yagtiuvesandiessmeliveni milenalegu Felinuauiamwizauaaz

4
daae i

{ L7 a 4 o 1 1
A15190 2.3 AUANUANIUNAUA (Specifications) mmmsmmmm’%wwguma 9

Feature Model A Model B Model A+ Model B+ Pi2 Model B
System on a chip BRCM2835 BRCM2835  BRCM2835 BRCM2835 BRCM2836
Standard SoCspeed 700MHz 700MHz 700MHz 700MHz 900 MHz
RAM 256MB 512MB 256MB 512MB 1GB
Storage Full SD Full SD Micro SD Micro SD Micro SD
Ethernet 10/100 No Yes No Yes Yes
HDMI output port Yes Yes Yes Yes Yes
Composite video Yes Yes On 3.5mm On 3.5mm On 3.5mm
Number of USB2.0 1 2 1 4 4
Expansion header 26 26 40 40 40
Available GPIO 17 17 26 26 26
3.5mm audio jack Yes Yes Audio/Video  Audio/Video Audio/Video
Number of CSI-2 1 1 1 1 1
Display Interface 1 1 1 1 1
Power (bare, 5v) 300mA,1.5W  700mA,3.5W 200 mA ,IW  650mA, 3W  800mA, 4W
Size (mm) 85x56 x 15 85x56x17 65x56x12 85x56x17 85x56x17

Qs dey
8.3 qmauuﬁmmsmm@ﬁwm Raspberry Pi Model B+

nnqaaNtiAves IdesInIeTua q Tuaud

{ I 1 { ya
Model B+ thgHafliion Raspberry Pi Model B+ w1ldaiunmsnageuiiosniniujuigise

[

gilldaen Raspberry Pi

A

[

aq 9 ] I 1 A VS a [ [ ~ T [
1]1%\‘111!6)@1 LLﬁ%LﬂuEuﬂMﬂmﬁ‘iJ‘lJG]“VINL“I/]ﬂHﬂi%ﬂ‘]J‘]JWHﬂﬁN !I,a$8Q51ﬂ1ﬂgﬂﬂ’ﬂ§u11’mﬁ1q9
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Tuvgilne (W.A.2558) A Raspberry Pi 2 MODEL B ua luaugaiduiia luuana1enuuiniin

Tasligaauiiamnizal An13199 2.4

[ 40 pins GPIO Header ]

DSI Display

Micro SD card
slot (under side)

[ 10/100 Ethernet ]

__{ RCA Audio/ Video ]

CSI Camera ]

Size: 85 x 56 x 17mm

{ [ 4 o7 4 1 1
INA 2.3 Llﬁ'ﬂﬂaﬂ‘]elﬂ!%ﬂlﬂﬂﬂ@iﬂﬁTﬁlUﬂﬁ%WTﬁllmgﬂﬂl%ﬁ]ﬂ@]ﬂﬂ'l\‘l 9

A a Y A ' ' Yo A
NMNN 2.3 AWNTROTLNEHINNVe L azaIulsznov ldaat
1 o 4
1) LED Status: 19luaaaoiuzeana o yaginauveuesa
< < Jd . . o o 1
2)  DSI Display: Wlunoutiiamas Display Serial Interface 6 115 LA 00LEAAING 131
I
DUFAANINALLUD TFT Touch Screen Lﬂus?fu
Y
3) Micro SD card slot: ¥998 1M UAANY Micro SD card
. < P o @ 1 1 y ¢
4) 5V micro USB: A0UNIAKDS Micro USB dmsuaie 1vi@ea 5v 1uesa
o o A 4w o A A 4o da
5) HDMI: 8115 U150 0N 0 d 1N INLASIT S (NDIF0NADNUIDNINNY
Y
V99U HDMI w1 Insniel niovouoimes
3 o . o o A 1 Y
6) CSI camera: 1WUNe5A Camera Serial Interface mmmﬁvamaiu@,aﬂam
<3 o [
7)Y RCA Audio/Video: AoUSIAMNDI A MSUMNIAIT o

8) 10/100 Ethernet: M5 UI%0UABNY RJ-45 Ethernet LAN 10/100Mbps
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< s ° S A s s
9) USB2.0x4:a9UUAKDT USB 2.0 31UIU 4 NOTA W @ﬁf]'f;ﬂﬂiﬂl YU

uazAGUaI AL USB
10) 40 pins GPIO header: AOUITIANDS General-purpose Input/Output (GPIO)

o Y 4 1A J
ﬁ"lﬂiﬂl%@ﬂ@]’f]’f]u“l/!@]lﬂ'lﬁ“l/!@]

MINN 2.4 AUAVVAMNIZAIUDY A0 Raspberry Pi 2 MODEL B +

Chip Broadcom BCM2835 SoC

Core architecture ARMII

CPU 700 MHz Low Power ARM1176JZFS Applications Processor
GPU Dual Core VideoCore IV® Multimedia Co-Processor

Provides Open GL ES 2.0, hardware-accelerated OpenVG, and
1080p30 H.264 high-profile decode

Capable of 1Gpixel/s, 1.5Gtexel/s or 24GFLOPs with texture
filtering and DMA infrastructure

Memory 512MB SDRAM

. Boots from Micro SD card, running a version of the Linux
Operating System

operating system

85 x 56 x 17mm

Dimensions

Micro USB socket 5V, 2A
Power

10/100 BaseT Ethernet socket
Ethernet

. HDMI (rev 1.3 & 1.4), Composite, RCA (PAL and NTSC)
Video Output

3.5mm jack, HDMI
Composite Audio

4 x USB 2.0 Connector

Output

40-pin 2.54 mm (100 mil) expansion header: 2x20 strip
USB

Providing 27 GPIO pins as well as +3.3 V, +5 V and GND
GPIO Connector

supply lines
Camera Connector
15-pin MIPI Camera Serial Interface (CSI-2)
JTAG
Not populated
Display Connector
Display Serial Interface (DSI) 15 way flat flex cable connector

Memory Card Slot
with two data lanes and a clock lane Micro SDIO
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8.4 sruulfiamsdmvuesanmuedime

szunUfAmsi1Fuu Raspberry Pi aunsmdenldam Idnannatess sy
Raspbian, Pidora, Arch, RISC OS, RaspBMC, OpenELEC 1 EJV%IIQWﬂJﬂ‘ﬁﬁ’O Linux ﬁgﬂﬁﬂuﬂﬁﬂ
Ihmunes astemiedimne 1@ tavemmeinsan Tnaa 47
http/www.raspberrypi.org/downloads

1) ‘Jzﬂﬂﬂﬁﬂaﬂﬁ Raspbian Lﬂuizuuﬂﬁﬁﬁmi ( Operating System: OS)
finng Raspberry Pi Foundation nushdmAaa Y Raspberry Pi 1ag W& 1131910 Debian
Linux #1511 Distro 8998l ousunila nazsiinisdfuuaaldimuiz i Raspberry Pi %4

Y H Y 4
Raspbian 813159AAAIUH SD card V1A 4GB 1@ uavianuuzinnenaus sGB yu 'yl

RASPBIAN

A7 2.4 dyyanbelveesyuuUHiiAns Raspbian
N https://www.raspberrypi.org/downloads/raspbian/

2) RASPBX 0 PBX image 159152 0D JTANTUUNUF IV Debian Jessic
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v
N v

1.1.2 14y Connectivity taon Ui ¥a%e Trunks

*‘pwr*
2 X Admin ~ Applications ~ Connectivity = Reports ~ Settings ~ User Panel

DAHDI Channel DIDs
Add g T[unk Google Voice {Motif)

Inbound Routes

@ Add SIP (chan_sip) Trunk
Outl

@ Add DAHDi Trunk

& Add 1AX2 Trunk

& Add ENUM Trunk
@ Add DUNDi Trunk
@ Add Custom Trunk

AT 4.3 HAAINTIAONINY Trunks

1890 Add Trunk 9104 UIABAHIV0 Add SIP (Chan_sip) Trunk 1@y

2 A o A
AN Ll une
?; d' d' Y d'dy g}/ 1
Trunk Name : mwammmmmﬂumumm cat2call
Outbound CallerID - AeovnamunlFlumsiFenInsoon
d'dyd d‘ [y
(lundAorueaYVes CAT2call plus NANATU
Tagdoald +66 MUAIBAUNNIY 1¥U +6621075791)
) A A ¥y RS
CID Options . 1300 Allow Any CID flomsoyaald Insdnlaninyn
VNG
(s sidaed

MR 4.4 1AAINTABNINY Add SIP Trunks
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Edit Trunk
@Delete Trunk cat2call

In use by 1 route @

General Settings

Trunk Name @ cat2call
Outbound CallerlD ©: +66210757T91
CID Options ©- Allow Any CID

Maximum Channels ©-

Asterisk Trunk Dial Options © Tt Cloverride
Continue if Busya: [Clcheck to always try next trunk
Disable Trunk ©- [pisanle

NN 4.5 uaaamslasieazoealunsmyue Trunks

[

9 Y
Outgoing Settings AIAIAIU
Outgoing Settings

Trunk Name ©-

PEER Details ©-
username=+6621075791

type=friend S .
secret= siarTun lAsnnaming
port=5050
outboundproxy=202.129.61.102

nat=yes

host=catnextgen_com
fromuser=+6621075791
fromdomain=catnextgen.com
dtmfmode=rfc2833
disallow=all
allow=alaw&ulaw&g729

out-cat

1 Y
MNA 4.6 LAAINIIAINALTEYT1802D8AN1 11 Outgoing
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[

9 9
Incoming Settings #INf1 Il

Incoming Settings

USER Context ©- in-cat

USER Details ©:

usemname=+6621075791@catnextgen.com

type=friend - 1 atd .
secret= LN lAvInmIaing
qualify=no

outboundproxy=202.129.61.102

nat=yes

insecure=port,invite

canreinvite=no

host=catnextgen.com
fromuser=+6621075731@catnextgen.com
fromdomain=catnextgen.com
dtmfmode=rfc2633

disallow=all

allow=alaw&ulaw&g729
context=from-trunk

v Y
AN 4.7 HEAAINIIAINALILYT1802DIAAN U Incoming

v 9
Registration A9A1 A41

+6621075791:5H e1H1U:6621075791 (@catnextgen.com@catnextgen.com/4+6621075791

Registration

i A InnTming

Register String o //

+6621075791¢_____»6621075791@catnextgen.com@catnextgen.com/+6621075791

Submit Changes Duplicate Trunk

v Y
AN 4.8 LEAINITAIA Registration

A ¥ 0 a 9 A A 5 A = '
LN@@N?‘IH?EJUS@EJL@@TW]‘]J‘N Submit Changes INOUUNNAT LUAsNA Apply Config
A 9 A 9 A Y o & 1 A I 1A Y A 9 9
e lwizul¥msasam ldnuszuy Faluaiuvesueamesanuansninsaimizeudoendn
1 A 4 1 a 4
UANNI81aY CAT2Call plus 3 A0 UNUN1TLA 1u19d hosts Taoit1 1Y Terminal @1 uwW

o @ 4 Y] H
M W Jetc/hosts AININAN 4.9

Ml 4.9 M3 Tud 1Wd hosts
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v '
NAUWNNUITTNA 202.129.61.102 catnextgen.com 111 idhmsiuiin

@ 192.168.1.100 - PuTTY

GNU nano 2.2.6

File: /etc/hosts

T ST
‘202.129.61.102 catnextgen.com

' A J
NN 4.10 LAAINITENY 202.129.61.102 catnextgen.com 6],Lluhl\licﬁ hosts

o aa I ¥ ) o A
W”Iﬂ‘i/l”lﬂ”l'iii]ﬁl@]’f)illﬂ 11!141!1 FreePBX 32 UaANaDIUSAINTINN 4.9

Asterisk (Ver. 11.20.0): Registries

Refresh State Reg.Time
atnextgen. com: 586

-]

L 385 Registered Sat, 23 Jan 2016 22:38:16
1 SIF registrations.

AR 4.11 uﬁmmimaﬂﬁa‘uaamﬂﬁm‘#ﬁﬁma%mammmam

1.2 M3a319 Outbound Routes 1122 Inbound Routes

Y

1.2.1 M3a519 Outbound Routes AoM3vamM3m3 Ingoon laglunuiseil

9 ~ Y] ) g‘z 1 ~

wldziuvumsnamuvuelums Insawn i 3.2 Aanumsiaums Insmsasa Tagln
13 Connectivity > Outbound Routes
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S igl :
j Admin *

Applications ~

Add Route

Route Settings

Route Name ©-
Route CID: @
Route Password: @
Route Type: @
Music On Hold? @

Route Position ©

Connectivity ~ Reports ~
DAHDI Channel DIDs

Google Voice (Motif)

nbound Routes

Outbound Routes

Trunks

Settings ™

User Panel

[Cloverride Extension @

DEmergenC}' DIntra-Company

default -

Last after cat-out -

AN 4.12 1eraan51Y Connectivity 1319 Outbound Routes

9 Y 1 [
INUUNINITAIAT Route Name G]”Ill%i’)‘ﬁ@%}’mﬂ”li nay Gluﬂilﬁﬁlﬁ) Dial Patterns that

Y
TasTimamuuaaiaane 11/l

. . A 9 o ' A o 9 2 = = ]
will use this Route ADUYDNINUAI ﬂ13ﬂﬂ$ﬂ1ﬂ1§1ﬂi@@ﬂlﬁuﬂ1ﬂu ’ﬂgllﬂTiﬂﬂlﬁflﬂ@fJ"Nlli
auuRugiasuneUnT 3zdoena 8 Tuns Inseenna19llszme @uA2Y 009 LAz NAAR 9

A o c’dy 4 o ¢ A A 1 @ A
LWf)‘VI’lﬂWiI‘ﬂif)f]ﬂLUfJiWHi’]uLlaglﬂ@ii“ﬂiﬁW“ﬂLﬂa@uﬂ Iﬂﬂﬂ’]islﬁ 9 1Y 0X. ANNINN 4.13

=K o A = (4 (9 é ! g’J
NUIRDINAUAV 1 I 2 DI 9 arlaarii iy

[1-9]
= = (Z (Z & = v A v g’J
X UUWWHI 0 DN 9 A laa i UNeIA AT W HY
= =2 (g (Z & = v A J g’J
Z U@ 1 N 9 A1 1A r L UNEIA AT ANIHY
= =* (Z (3 & = v A 1 g‘J
N U203 9 A laAI U UNeIA AT WINIHY

. (dot)

= Y 3 ¥ A & [ A 1 = o
NN ﬁ?tﬁﬂ]@glliﬂllﬂllﬁgﬂﬁuﬁﬂaﬂ’l’ii@ll’lﬂﬂ')’lﬂi'!\iﬁﬁﬂ
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Route Settings

@ute Name ©- cat-out )

Route CID: @ | Cloverride Extension @

Route Password: @

Route Type: @ CIemergency Clintra-Company
Music On Hold? @
Route Position @

Additional Settings

Note that the meaning of these options has changed. Please read the wiki for futher
information on these changes.

Call Recording 9- Force | Yes E-. .;- |; No  Never

Dial Patterns that will use this Route @

(|prepend )+ 8 [T 009 { |CallerlD 1@
(|prepend J+ 9 | [ 0. { |CallerlD 1&

(|prepend }+ | prefix | [[match pattem [ CallerlD 1&

v Y
WA 4.13 LAAINITAIAT Dial Patterns that will use this Route

v H 1
M@ unanag e lunsis eneon Ao Trunk cat2eall (¥ Trunk AINA1I AD

Trunks N3 19UHIT0 1.1)

Trunk Sequence for Matched Routes e

1 -

Add Trunk

A 1y A Y A o
NINN 4.14 LAAINITANAUTUNIN Trunk ﬂ%gﬁlﬂfclUﬂ'lﬁﬁﬂﬂ@@ﬂulﬂfl\‘]ﬁu'lfllﬁﬁllﬂﬁlu@ﬂ
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1.2.2 M3a519 Inbound Routes AoM3TAMIMIINIIIN

Tﬂﬂ”lﬂ‘ﬁgm‘g Connectivity Routes > Inbound Routes

L]
*’: "*_ Admin Applications * Connectivity ™ Reports ~ Settings User Panel

DAHDI Channel DIDs
Add Incoming Rout Geoale vei

Inbound Routes

tiﬂ

Add Incoming Route Outbound Routes
Trunks

Description @-

DID Number ©-

CallerlD Number ©-

CID Priority Route ©- ]

MR 4.15 1EIMsAenuYINe 319 Tnbound Routes

1 Y 1
ot mntiuyiimsden 11U Add incoming Route

Logout: admin

User DIDs
Geéneral DIDs
Unused DIDs

cat-in
+6621075701 / any CID

MU 4.16 M3La0N Add incoming Route
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v 9
A o

° A L. A A g9 K A
N1 UAYD Description ADFDLT UNINNAIUVUNT L1DE DID Number f1®
Y U] ] A
HuEay CAT2Call plus Iﬂﬁlﬂ%@lﬁ]\iﬁlﬁlﬂugﬂlmﬂ +66 ANUAIY 21075791 (MTDATNHUIYAY

a1 9 nlaadasleusag)

Edit Incoming Route

~

Description ©- cat-in

DID Number ©- +6621075791

CallerlD Number ©-

@ Priority Route ©- [ /

v Y
NINA 4.17 N15AIA Incoming Route

1 ° 9 1 =\ =\ 9 A Y
L!ﬁ%@lﬁ]l’lﬂﬂ1ﬂuﬂlﬁu%1\1’ﬂ UIDUKRITLTINUININ +6621075791 LAY

Y
Aov A

Y
Tdmiumsaonaals Taglunmsdset 19 Ins ludamuneaaunielu (Extensions 200) 910171

A Submit (La¢ Apply Config

Set Destination

Extensions = «200= 200 B
. =201= 201
Submit Clear Dest <902 202
203> 203
=204 204
206> 205

=301= 301
<302> 302 « FreePBX
<303= 303 let freedom ring ™

<304= 304
ME= NG

A A ¥y 2 Y q 9 | .
NINN 4.18 ﬂTila@ﬂﬂﬂﬂ’Hﬁu‘ﬂ1@ﬂ15l58ﬂlﬂl11ﬂ1ﬂ‘ﬂﬁu18&?]511 Extensions 200
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, :
13 nsadawesvinaaumelu (Extensions) 1o 1y Applications 1§n Extensions
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~
i". ,X'- Admin ¥ Applications ¥ Connectivity ™ Reports ™ Settings ™ User Panel

Announcem ents
Call Flow Contro

Add an _
Call Recording
Conf - -

Please selk “"" """ selow then click Submit
Extensions

- Device VR
Languages

Device Queues Generic CHAN SIP Device -
Ring Groups

Submit Set CallerlD

A g Ay A ¥ .
NNN 4.19 Llﬁﬂﬂﬂ"lil,"ll"m"lﬂ‘ﬂmgﬂﬁﬁiN Extensions

9 [
DU utﬁi’]ﬂﬁ Add Extension > Generic CHAN SIP Device ngllﬁaﬂ Submit

Add i Exténakar

Flsass ssisct pour Desace bedrw fan cick Submi

Drvca

Charmp: G0 B Ppacn =

MR 4.20 1IN UNYHRDHINT Add Extensions

= Y
ICUHUINN

User Extension - NV

. A A Y 2 A Ay
Display Name : yonuaad Aullurenaoinis
SIP User ID R RLIGIRIGIE

Authenticate Password : SHaH1U

[ 4 {
I laammneaunislu ¥5 0105 Extensions NA0INIT 314
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- Add Extension

User Extension @
Display Name @
CID Num Alias @

SIP Alias @

A 2 A v Y
NINN 4.21 Llﬁﬂﬂi"lflaxtﬂEJWU’EN‘W&J18Lﬂﬂlﬂ181ﬂ%@]@ﬂﬂ1iﬁiﬁ

] ] ~ 9 = [ a 4
Secret s svarun lFamzbounutoamesdan

DTMF Signaling: RFC 2833

NAT Mode

- Device Options

This device uses CHAN_SIP technology listening on 0.0.0.0:5060

a3 1 e
-13luMsVeNI SIP Account Haanziijouu1an NAT

Secret @ stou1234
DTMF Signaling @ RFC 2833
NAT Mode @ Yes - (force_rport,comedia)

v 9
NINN 4.22 BFAAINTNATUANIY DTMF Signaling 118 NAT Mode

PR v
Lﬁﬂﬁ\iﬂWﬂﬁﬂiﬁu’luﬁu1ﬂlﬁﬂlﬂ181uﬁé]j®\1ﬂﬁllé}’l qIWTDAITINTDU

9 H 9
1891011 Reports > Asterisk Info > Peer dzudadringavn 1o lunavuanll wiounauaaq

' S = ' A '
E‘Tﬂ11!3319]@1!1!%‘?11361\11/]3!&81!@Eﬂl! IP-PBX Wii’]]’lll Iﬂfﬁ]%

Name/username
Host
Port

Status

o A A A s
. ‘ﬂ'ﬂclfi’]1]m%t!ax%@ﬂllﬁﬂﬂmﬂﬂlﬂﬂiuuﬂ

¥ i 2

)Y

9

A Y

A v A
:ﬂi’)‘lfiﬂJ”lEJm"Ulli’JW YTBUU

: 91U Port N register

A A = )
: ﬂi’]ﬁﬂWUglﬂ@giuﬁgUUﬂQﬁﬂﬂﬂu
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# admin = | Applications = | Connectivity = | Reports = | Settings ~ | User Panel

Asterisk (Ver. 11.20.0): Peers

Name/username Host Dyn Forcerport Comedia  ACL Port Status Description
200/200 192.168.1.161 D Yes Yes A 5860 0K (23 ms)
201/201 192.168.1.167 D No No A 64481  OK (2 ms)
282/202 192.168.1.183 D No No A 52848  OK (12 ms)
203/203 192.168.1.184 D No No A 58211  OK (323 ms)
204/204 192.168.1.105 D No No A 35528 OK (7 ms)
205/285 192.168.1.186 D No No A 44578 OK (5 ms)
381/301 122.155.43.113 D No No A 49882  OK (267 ms)
302 (Unspecified) D MNo No A @ UNKNOWN
383 (Unspecified) D Yes Yes A e UNKNOWH
304 (Unspecified) D Yes Yes A e UNKNOWH
385 (Unspecified) D Yes Yes A e UNKNOWH
in-cat/+6621875791ficatnex 202.129.61.102 Yes Yes 5068 Unmonitored
out-cat/+6621875791 202.129.61.102 Yes Yes 5060 Unmonitored
13 sip peers [Monitored: 7 online, 4 offline Unmonitored: 2 online, @ offline]

1 H Y
AN 4.23 LAAINITATIVTOUAD NS HN8IAY Extensions ﬁﬁ%’wﬁumuammuzmm

¥
"o

ai) 8

o 4 ' { a0 A
1.4 N15@ A1 IP Phone tW 1% 911 1P-Phone ju N 14 Tuaru3veiiilu
4 1A o A v 9 =~ 3‘/ A
Grandstream §1 GXP280 TagmNI YUY Account UN1TAIAIND
A ¥y A Ay
Account Name - AUl U NADINg
SIP Server : gy IP ved Raspberry Pi [P-PBX
SIP User ID - MUY

Authenticate Password : SHAK1U

Grandstream Device Configuration

f Account Name: |STDU IP-PBX \| e.g.. MyCompany)

SIP Server: |192.168.1.1DU | e.g., sip.mycompany.com, or IP address)
Outbound Proxy: | | e.g., proxy.myprovider.com, or [P address)
SIP User ID: |2DD | the user part of an SIP address)
Authenticate ID: | | can be same or different from SIP UserID)
Authenticate Password: || | not displayed for security protection)
k Name: | /.) (optional, e.g., John Doe)

MW 4.24 LTAINTAIAT IP-Phone Grandstream J1 GXP280

Y
WINMIAAToU3 00 tazamsoasnzdouny IP-PBX lavzdmnsonig

v 9

Mt STATUS 221iia0 U Registered: Registered
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Grandstream Device Configuration

/ MAC Address: 00:0B:82:20.EEFS \
IP Address: 192.168.1.101

Product Model: GXP280 (HW0.3B)

Part Number: 9620001303B
Program-- 1.2.14 Bootloader-- 1.1.6.6
0 day(s) 0 hour(s) 4 minute(s)
10:22am
Tuesday, January 26. 2016
Registered
disabled

Software Version:
System Up Time:
System Time:

Registered:
KPPPoE Link Up:

/

MR 4.25 LAAIAD UL YDA IP-Phone Grandstream 1 GXP280 Nasnzifoulazonon

¥ A qu
1.5 M3A9A1 Softphone !Wf’ﬂ“lﬂ'lu

3’1 1 o & @ 1 ¢
1.5.1 Tsunsu X-Lite faamnsuiludaae 113
A ¥ g A Ayg
Account Name : ¥0a3/u¥onaoanis
User ID - MRV
Domain : gy IP Y93 Raspberry Pi [P-PBX
Password  IHARIY
. A Ay v
Display name : ¥oNA0IN5 1HLaA
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View  Contacts Help Acoount Voicemail Topalogy Presemce Transport
[ =, =]

“wficcount Settings
Preferences Probocot s

Exit

Azenunt pame: | 308

Allaw this Bceaunt fof
||E|'!Té VB e urnber v Wical
B M Presence
Ligew Dezaits
¥ Usarllx 205
* Dooemaing - 1921681700

Faiswoid. sesssssn

Dazplay name: - 505
Aatho RZateon name: /’J

Comary Py

W Regurer with doman asd receive calls

T 3 Serwd custbound Wi
; * O ® Doman

B Provy Address
to get Certified!

[Hal plan:

ok | cancet

v k)
NN 4.26 LEAAINITAIAT 1151INTY X-Lite

1.5.2 1sunsu Zoiper Famisuths Sate il
Domain : ¥il18av IP Y83 Raspberry Pi [P-PBX
Username : W82 v1iay%

Password : SHAN U

A Ayw ) = P
Caller ID name : “H@Tlﬁﬂﬂﬂﬁﬂl‘ﬁllﬁﬂﬂ mﬁmmﬂmﬂmﬂma
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) TOIPFI

Lk s st ezt

Toiptr pp revice ¥

[ cu-r |

Adiownird Chrls&

forizshon

Exit

= & ] .
2NN 4.27 M3aans 1suTdunsy Zoiper

1.6 mInamansalvluieldamu
1.6.1 154053 Zoiper v69910%11015 InaauoUnaasu 91nPlay store H3 0
X Vo g v ao Aq A ~ ¥
910 Apple Store YuagnUgYnsaN 15911 Tuaruivsii 19910 Play store 1o 1vianisesnioy
v
T Tdsadann
HOST s gy IP 494 Raspberry Pi [P-PBX
Username : 810911 y%

Password : SHAHIU
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L ir] Coslacin

Accounts
Audio

Video
Connectivity
Call recording

Advanced

' Translate

Number Rewriting

Bl ess Bl 1003

2B

Thai
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Account setup

By a5 Wl 1003

Account name
Authentication

IP 184 IP-PBX

Usermname MTE

Pasaward THARIY
|:||"|'.|E nad

Authentication user
Outbound proxy

Caller 1D

Save 1 Canced

A g . J
NA 4.28 uaaIN5AIn1 1UsuNsY Zoiper VU5 Tl
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1.7 Msnaaaumslng
1.7.1 mslnsmnumelunsevie LAN uag Wireless LAN D13NATOUNST
Tnsmitunelunions wznaaeuTaslfunuiunioviosanini 33 Tasvzidunisizon
MoluInuIUATUNNEINING
1) wamsnageunug@INNMNIeay @150 Insmnuldugaiwa

MINATOUAINATINN 4.1

13190 4.1 WamInaaoumMs minnulunseu1s LAN uay Wireless LAN

ey - S RPS M &

extension 200 | extension 201 | extension 202 | extension 203 | extension 204 | extension 205

v v v v v

)

extension 200

extension 201

extension 202

extension 203

extension 204

SN ENENENEN

extension 205

MINUATABAULAT INTVIHIBaUA1N9 TaelF115unTy Wireshark

d' a 1 Lﬂ' Y o dy
TagnsedldsIanoa SIP ag RTP 1NBATINHOUNMIAAADT OIS u,ﬁm"lﬂmu
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2) M3 Insnnvinaaunislu 200 "lﬂ&‘i’wmmam 201

M 200 call 201.pcapng - Graph Analysis — [}
Time 192.168.1.101 192.168.1.107 Comment
192.168.1.100
15813210 :m:nw" e SIP INVITE From: <sip:200@192 168.1.100 To:<sip-201 @192 1681100 Call- Drac142e0ad3a3T22@ 192 168,
15817810 401 Unauthorized | - SIP Status 401 Unauthorized
15.842967 L ACK SIP ACK From: <sip200@192.168.1.100 Toc<sip:201 @192.168.1.100 CSeq-22667
15.863014 INVITE SDP (g711y SIP INVITE From: <sip:200@182.168.1.100 To:<5ip:201 @1582.168.1.100 Call-1D:ac142e02d323722f @192 168,
15.877912 . = 100Trying | SIP Status 100 Trying
16.412755 e m{ﬂ— - SIP INVITE From: “200° <sip:200@192.168.1.100 Tor<sip:201 @192 168 11076445 1 rinstance=Th5dedc142
16.416398 .Mgmg_ 14 SIP Status 180 Ringing
16.496019 . .Mmg_ | . SIP Status 100 Trying
16.496057 = 180RiInging | | s st 120 Ringing
16.502607 4 180Ringing . i SIP Status 120 Ringing
30.040347 s M P RTP. 3250 packets. Duration: 4284937 256 SSRC: Dx340FEE4C
30.099942 1300 OK SDP (g71... =_= SIP Status 200 OK
30.106023 - L ACK * SIP Request INVITE ACK 200 CSeq102
30.113291 ., 40 OK SDP (@71, SIP Status 200 OK
30.118035 ) RTP, 3256 packets. Duration: 4204837.178s SSRC: (w6EB3SAFC
30.156%02 SIP Reguest INVITE ACK 200 CSeq-22668
30174237 RTP, 3262 packets. Durstion: 4204837.1225 SSRC: DBEED2F26
30174927 RTP, 3257 packets. Durstion: 4204837 1225 SSRC: (n2ABAGERE
95.298916 SIP Regquest BYE CSeq2
95.302057 SIP Status 200 OK
95.370897 SIP Request BYE CSeq102
95.397351 SIP Ststus 200 OK

AN 4.29 1aaInTINNTZUIUMTINOUVEINS InTNNHaavnelu 200 "lﬂf'i’wmmam 201

INMNAN 4.29 MINAADUMIFOU TAK U SIP Server vianeay lod
192.168.1.100 1Q8i3 8na 18917 [P-Phone extension 200 Y3181y 1o 192.168.1.101 11/§9 SoftPhone

3 9
extension 201 ‘Hlﬂﬂlﬁﬂlll’t’]ﬁ 192.168.1.107 Iﬂﬂﬂ”liﬁ'@ﬁ"lil?’fﬂﬂﬂ?ﬂ SIP 1 "lallﬂﬂ’ﬂll SIP request L SIP

£4
v A

9
[ ] o v o Y
respond 9 AIWIU SIP server ANNTOUAAITA LT UADUMSIS BNAY Janatl
2 19 Y A 1

(1) MV extension 200 AIUDANNITDIVONTIFOUND (INVITE) 14
619 SoftPhone extension 201 LAZGILAAINWUANITAVDA softphone A28 SDP protocol

2) MUY 201 1dasusy (ACK) M3 0uADNALNNIEY 200 LAY

Y

FENINU UL TIF Y Ringing tone (180 Ringing) luszriesemsaeusvnlatenia

(3) W@ 201 SUAY 52UV A ANUTUMIS 090 Inemsaa
9 Y . Y = a 1T o a3 A A ' g £ Y
VDANNABUNAY sip respond 200 OK ADUNAU HUYDINITAAADT UITV U ONINTIFOUN DT TIT ULAD
9 = A Y =) v A Y
VD AT SNILTOA1TA 8 RTP Protocol LAz U LA EINIY g711 alaw

9
v Q) 1 o [ 1
4) 9N wusemmsaunun u“lﬁ’szmmﬁmwmﬂmm
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(5) liio Softphone extension 201 #OIMIIUMIAUNUINZ A SIP request
9 @ . A Yo 9 9 o 1 ] v 9
oA BYE 184 IP-Phone extension 200 11821/ 145 U18A U5 09088908190 9200 UNSVAIY 200 OK
a3 Qy a 1 d‘
Aumsaugamnanoaoas

A o < o Y ]
1AM NS IUHNIBEEYIUS NZUIUMTTINIUNGNHULAR TN Y
= ~ ~ A d ) 4 3}/ o dy

naswiisanunemy lofidaremeiidlunineavilszSrgunsainiug aail

3) M3 Insnnnuemynelu 200 ldavaneaay 202

M 200 call 200.pcapng - Graph Analysis - [m|
Time 192.168.1.101 192.168.1.103 Comment
192.168.1.100
9.007611 mm@m.. — SIP INVITE From: <sip-200@182.168.1.100 To-<sip202@192.168.1.100 Call-|Drb4813c8134547037 @192 168.
9.010306 :;J;IM 7 SIP Ststus 401 Unsuthorized
9.035793 __,m'% - SIP ACK From: <sip:200@192.166.1.100 Tor<sip-202 @192 168.1.100 CSeq:52068
9.057248 mm(gm, i SIP INVITE From: <sip-200@182.168.1.100 To-<sip202@192.168.1.100 Call-|Drb4813c813454T037 @192 168.
9.072221 a0 Tning : SIP Ststus 100 Trying
9,560692 : : w".;:zm SIP INVITE From: “200° <sip:200@192.168.1.100 Tor<sip:202 @192 168.1.103:52848 finstance=9¢288233d41
9.563920 :_’J;I..Mgm_ . 0 SIP Status 180 Ringing
0.548200 | o 100 Trying 1 SIP Status 100 Trying
6.833138 : : SIP Status 180 Ringing
9.839227 :_’J;I...Mgm_ o E SIP Status 180 Ringing
40.776905 | ! SIP Status 200 OK
40.780343 | RTP, 4572 packets. Durstion: 4204926.516x SSRC: (x3TO448E6
40.781989 | : '¢"~zm SIP Request INVITE ACK 200 CSeqri02
40.739685 ey a0 OK S0P (@..e, ; SIP Status 200 OK
40.791994 1 RTP, 4660 packets. Durstion: 42949265055 SSRC: (xE345360
40.827283 : SIP Request INVITE ACK 200 C5eq-52069
40.844835 k RTP, 4626 packets. Duration: 4204026.452¢ SSRC: 0xF311D4CT
40.845779 RTP. 4626 packets. Duration: 42049264515 SSRC: 0x1 DAZF6EL
134,152572 :;J;x%-;m : SIP Request BYE C5eq:52070
134,154716 :_’];T%mn ! SIP Status 200 OK
134.205495 | M:L,::SZ“ SIP Request BYE CSeq103
134,305649 E m: BYE : o SIP Request BYE CSeq-103
134,309626 ' :;nf:‘%::zm SIP Status 200 OK
134309627 ! el SIP Status 200 OK

AN 4.30 1IN IMNTZUIUMTINOUVEINS INTNNHEaINelu 200 "l,‘]JETQWN"IEJLa"U 202
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4) M3 Imsnnnmemvnie iy 200 ulﬂélﬂﬁll'lﬂlﬁ“ll 203

‘ 200 call 203.pcapng - Graph Analysis

Time

9.028732
9.031614
9.056715
9.076744
9.001560
9.587031
9.500078
9.687166
9.700949
9.8024%6
9.807352
11450354
11459172
11492302
11.500241
11.539033
11.557026
11.558022
11.873508
11.874112
106.156647
106.158899
106.207933
106.255782

192.168.1.101

182.168.1.100

192.168.1.104

Comment
SIP INVITE From: <sip 168.1.100 To:c<sip 166.1.100 Call-IDrbb1 TrEMEa4e06bbf@ 152168,
SIP Status 401 Unauthorized
SIP ACK From: <sip 168.1.100 Toc<sip 168.1.100 CSeq:58437
SIP INVITE From: <sip 168.1.100 Tos<sip 166.1.100 Call-1Dbb1 TFEBa4e06bbf@ 192,168
SIP Status 100 Trying
SIP INVITE Fram: “200° <sip 168.1.100 Ter<si 1681
SIP Ststus 180 Ringing
SIP INVITE From: “200° 168.1.100 Tor<si 1681

SIP Status 100 Trying
SIP Status 180 Ringing
SIP Status 180 Ringing

SIP Status 200 OK

S|P Request INVITE ACK 200 CSeqii02
S|P Status 200 OK

SIP Request INVITE ACK 200 CSeq58438

SIP Request BYE CSeq5a430
SIP Ststus 200 OK

SIP Request BYE CSeqri03
SIP Ststus 200 OK

RTP. 1 packets. Duration: 4284955 B46s S5RC 0x510204BD

RTP. 4881 packets. Duration: 4294955.739: S5RC DnCTE1E1BE
RTP. 4621 packets. Duration: 4294058 738 SSRC Ox12F10832

RTP. 4651 packets. Duration: 4204055423 SSRC 0xE10204BD
RTP. 4847 packets Duration: 4394055 473 S5RC DB0FSE0CA

7NN 4.31 uaaansWnszuIUmMsIauYesns Insnnviaaunelu 200 "lﬂfj’\iﬂﬂ']ﬂlﬂéll 203
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5) M3 Imsnnnuemvnielu 200 l'l‘]JET\?“I’ill']ﬂl?,’i"ll 204

M 200 call 204.pcapng - Graph Analysis —
Time 192.168.1.101 1921681100 192.168.1.105 Comment
16.950240 SIP INVITE From: <si 1681100 Tor<si 168.1.100 Call-| DrdacbbdacbeadTe 1@ 192 168
16953147 SIP Status 401 Unauthorized
16.978725 SIP ACK From: <sip 168.1.100 Tor<sip: 166.1.100 CSeq:31624
16.998423 SIP INVITE From: <si 168.1.100 Tec<si 166:1.100 Call- Didac 1 bbdacbead 7o @ 192168,
17.015125 SIP Status 100 Trying
17.504596 SIP INVITE From: “200" <sip: 168.1.100 Ter<sip 1681 i =fBflabbaacd
17.507939 SIP Status 180 Ringing
17.604698 SIP INVITE From: "200° <sj 166.1.100 Tor<si 1681105 i e=faflabbzacd
17.804118 SIP INVITE From: “200° <sip 168.1.100 Tor<sip 1681 i —fEflabfaacd
18.203291 SIP Status 100 Trying
18.501765 SIP Status 180 Ringing
18.504882 SIP Status 180 Ringing
78492033 SIP Status 180 Ringing
78.504495 SIP Status 180 Ringing
138.480246 SIP Status 180 Ringing
138503016 SIP Status 180 Ringing
174.088266 RTP, 1 packets. Duration: 4204793.208s SSRC: Dx1AS4E415
174141951 SIP Status 200 OK
174148729 SIP Request INVITE ACK 200 CSeq102
174155367 SIP Status 200 OK
174197493 SIP Request INVITE ACK 200 CSeq-31825
174.214642 RTP. 2456 packets. Duration: 42847930825 SSRC: (x716002CE
174.215362 RTP. 2496 packets. Duration: 4204793 081s SSRC: 0x40F41507
174.440491 RTP, 2552 packets. Duration: 4284792 8565 SSRC: (x1AD4E415
174441071 RTP, 2549 packets. Duration: 4284792 8555 SSRC (ud1C43F05
225.428529 SIP Request BYE CSeq31626
225431077 SIP Status 200 OK
225482470 SIP Request BYE C5eq103
223501053 SIP Status 200 OK

AN 4.32 uEaensngzuINmMIMaOUYeIns Insnnrinaaynie 1y 200 1ﬂ€dﬂﬂ18lﬁﬂ] 204
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6) M3 Insnnnuemunialu 200 "lﬂé’qwmmaeu 205

M 200 call 205_1.pcapng - Graph Analysis — O
Time 192.168.1.101 192.168.1.106 Comment
192.168.1.100
11.868492 :_,mm(gm.. i SIP INVITE From: <sip-200@192.168.1.100 To:<sip-205@192.168.1.100 Call-|D:-281fc 4867025230 @102 168,
11.871519 :_’J;IM i SIP Status 401 Unautharized
11.8965951 ';391% T SIP ACK From: <£ip:200@ 1902 168 1.100 To-<sip-205@ 102 168.1.100 CSeq 28065
11.916784 ] IMVITE SDP (9711, = SIP INVITE From: <sip-200@182.168.1.100 Tor<sip:205@ 192.168.1.100 Call-| D28 1c4B87025230e@ 192165,
11945164 :_’J;j_..Mi_ﬂg_ e SIP Status 100 Trying
12,9347 : :;:;;?M[ﬂu:mq SIP INVITE From: 2007 <sip200@192.168.1.100 To:<sip-205@192 168 1.106407 79 rinstance=6111fd 10213
12935656 :_’J;I..Mgi_ﬂg_ _— f 5P Status 180 Ringing
13.013596 | Lol SIP Status 100 Trying
13111992 d . =180 Ringing ',:__:ﬁ;' SIP Status 180 Ringing

13117674 o 180Ringing SIP Status 180 Ringing

E060) 5060 "
18.213803 :,\,vwgl...::__m SIP Status 200 OK
18.218827 . SIP Request INVITE ACK 200 CSeq102
18.225892 SIP Status 200 OK
18.249979 RTP, 3354 packets. Durstion: 4264849 0475 SSRC (n325C0AFE
18.231021 RTP, 3328 packets. Durstion: 4264849 0455 SSRC k2TCBETZD
18.268188 SIP Request INVITE ACK 200 CSeq-28966
18.285952 RTP, 3287 packets. Duration: 42945420115 SSRC Ox1EATID2F
18.286430 RTP. 3287 packets. Durstion: 4284849 0105 SSRC DnTADSSFZA
84.807699 SIP Request BYE C5eq:28067
84.810309 SIP Status 200 OK
85321542 SIP Request BYE CSeqr103
85334179 SIP Status 200 OK

NN 4.33 1daInIMNIZLIUMIINNUUDINT InTNnvaaynelu 200 ”lﬂé’wmmaéu 205

[ 14
1.7.2 M3lnsmousenNanlagauduns niineIAns
M3 INIHINUIZNIN0IANT W30l UA 1Y A20T1aDINTULHURY
A ) A ' 9 = 9

AS0UIBAININN 3.4 Taswuremyludiu SITE A 1dun 200 84 205 azdea Insnivuiea
A Y
301 ©39 302 16

1) WaNINAAUUVIYAY 201-205 A1150 IMTHImane@ay 301 181na

AN 4.2
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MINN 4.2 WA INTINHUGLAY 200-205 ul‘iJET\‘l‘HﬂJ'IEJLﬁGU 301

A number

B number extension 301

extension 200

extension 201

extension 202

extension 203

extension 204

RNIENIENIRNEN

extension 205

2) msaaaadoa1ilaeld 11515y Wireshark Inonsoalils Innoa SIP
1Az RTP (M0AT1900UMIAAADT0a1528NA0819M3 INTIenIanune|my 200 Tadvunemy

Y
301 A ldaail

‘ 200 call 301.pcapng - Graph Analysis
Time 192.168.1.101 122.15543.143 Al
192.168.1.100
6721935 wimtgm..: - E SIP INVITE From: <sip200@152 168.1.100 To-<ip-301 @192 168.1.100 Call-| D41 13901 28b3F76@192 168
7711781 _’:;Iw(gm.: - . SIP INVITE From: 00@152 1681100 To:<sip:301@ 192 168.1.100 Call-|DF411350138b3f76@192.168.
9713610 e INVITESDP (@711, y SIP INVITE From: 00@192.168.1.100 Tor <sip:301@192.168.1.100 Call-| D411390138b3f76@192.168.
13.711053 :,’mw.{ $ SIP INVITE From: <sip200@192.168:1.100 To:<sip301@192.168.1.100 Call-|D:41 13901 38b376@192.166.
21.710190 :_’:;I?NV\TE SDP 97”"':;-,:;:5 E SIP INVITE From: <sip200@192 1681 100 To-<sip301@192 1681 100 Call-1 DF411300138b3f75 @192 168
31144163 _’HM: - ! SIP Status 401 Unauthorized
31.168312 _’m% : SIP ACK From: <sip-200@ 192 168.1.100 To:<sip:301@192.168.1.100 C5eq:50308
31.188061 e INVITESOP (@711 H SIP INVITE From: <sip200@192.165.1.100 To:<sip301 @192.166.1.100 Call-I D41 1390138b376@192.168
31.247526 1"”¢M€ E SIP Status 401 Unauthorized
31.321869 :"Ds:r,:“M—':’J;I : 51D Seztus 100 Trying
33407984 ) ~ w‘:«mm SIP INVITE From: “200° <sip-200(@ 110.77 176,40 Tor€5ip-301@ 122 155 43 14348602 rinstance=1c 1
33411233 o 1B0RINGING 1§ . SIP Status 180 Ringing
33613042 | - :..Mm_:mz‘ SIP Sttus 100 Trying
34225236 E : M:...M_Emz
34.227603 e el T <1
42.622429 ) o DL OESDP (gt SIP Status 200 OK
42.622862 o o U OK S0P Q71 SIP Status 200 OK
42627608 N m' ACK . SIB Request INVITE ACK 200 CSeq02
42.635895 ’mim(gli - SIP Status 200 OK
42.637793 1 SIP ACK From: 200" <sip200@ 110.77.176.40 Tor<sip:301@ 122 155,43 14349602 finstsnce=1c1c330e162ed
A2,672273 M% SIP Request INVITE ACK 200 C5q:50308
42,696101 :,’m:_mm.‘n_...:wm RTP. 3570 packsts. Durstion: 4204824.600s SSRC (3450466
42.697084 1 RTP. 3570 packets. Duration: 4204224.599s SSRC Oxd203EESE
66.332635 _.’miqml_l: - K RTP, 2054 packets Durstion: 42040009645 SSRC: 0x30BEC210
66.437452 § RTP, 2466 packets Durstion- 4784900 559s SSRC: 0xBID324TC
114888250 e SIP Requast BYE CSeq:50310
114.897807 :;mi"—::;m SIP Status 200 OK
114.942419 ' SIP Request BYE CSeq-103
115.214575 E SIP Request BYE CS2q103
115.758445 | SIP Request BYE CSeq-103
116.845002 | SIP Request BYE C5eq-103
118.331604 H SIP Status 200 OK
118.331605 E SIP Status 200 OK
118.332568 . SIP Status 200 OK

2NN 434 1a@aInsMNTZUIUMIINOUVDINT Insnvveavnely 200

Tddavanaav 301
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v y s sA A . .

173 ﬂ75?‘lf~77uﬂ7u Internet I‘VITVT"IL‘U@? VoIP 1U83UD0® LAy Fixed line

9y % A 1 % A
ﬂ"li‘ﬂﬂﬁi’]ﬂﬂ1§1‘ﬂ'§ ﬂgﬂﬂﬁﬂﬂjﬂﬂlﬁmmuwﬂmii’]ﬂl”lflﬂ\?ﬂﬁ/‘ﬁ/] 35
1) Wﬁﬂ"lﬁ‘ﬂﬂﬁi’)llﬂ"lﬁi‘ﬂi'ﬂﬂﬂ W?J”Ifllﬁ"]]ﬂ”lfllu ﬁ"lll"lﬁﬂi‘ﬂﬁi’]'ﬂﬂllﬂﬁ"l
o v o . . v ¢ A = .
EN‘W?J"IEJLﬁ‘UIVIiﬁWVIWHi"IH ( Fixed line) wmmaﬂmﬁwmﬂaﬂu‘ﬂ (Mobile) tu8iav VolP
' v ¥ A & ~

Llagﬂll"lﬂmsllﬂ'mﬂiglﬂﬁ llﬂ‘VNWllﬂ Tﬂﬂ@]"lil@’l"li"lﬂ‘ﬂ 43 UU L‘]JuﬂTiVlﬂﬁ@‘]JTﬂleﬁﬂﬂﬁ]Tﬂ

wineaunelu 200 eon ldamanemyaneg aunsaiseneen lalnannreay

A519N 4.3 HAMSNATOUNT INTVONVINHMBIAUN 18U ]’l‘]JfTQWZJTfJLﬁ"UﬂWEJu@ﬂ

A number Fixed line Mobile VoIP T ERRERMIEES GRGIIGE)

024017005 | 0812333343 | 021065764 | 009 861 3640990109
v v v v

extension 200

2) NFLUIUMTITNIUMT INTDINnIe@vn e i 200 'ZTJETQWJHEI!@‘U

024017005

M 200 call 024017005.pcapng - Graph Analysis
Tz 192.168.1.101 1 202.129.61.102 cad L
14.400803 ;:;:w“: - | 1 SIP INVITE From: <sip:200@102 168 1.100 To-<=ip-3024017005@102 1681100 Call-| DSbedes2723dbA0@1
14403578 ;:;Z.QWLMHZEG: o SIP Status 401 Unsuthorized
14.428705 :;H%:;m N SIP ACK From: <sip200@192.168.1.100 Toc<sip0024017005@192.168.1.100 (Seq9u7s
14.443951 - E:w“‘l:s:ﬂ . SIP INVITE From: <sip200@192.168.1.100 To:<sip-902401 7005 @192.168.1.100 Cal-| D45fbcdc52723dba0@1
14463799 :53-’-1.‘M_::3351 | SIP Status 100 Trying
14767962 f M?M{gmuﬁ:ﬁ SIP INVITE From: <sip-+ 5621075791 @catnextgen.com Tor<sip024017005@catnextgen com 5060 Call-IDd5a0
14.817167 g - 100 Trying ¥ SIP Status 100 Trying
20.131863 4 ., A3 Session Progu., atus 183 Session Progress
20134244 : . b 50 Ringing
20.569926 SIP Status 183 Session Progress
20.575727 SIP Status 183 Session Progress
20.617478 RTP, 80 packets. Durstion: 4204045.670s SSRC: Ox6BOZBSY
20.620074 RTP. 79 packets. Duration: 4204046.676< S5RC: Ox12E6D812
20.662205 RTP. 15 packets. Duration: 4294946.6345 SSRC: 012261BFF
20.664546 :.- RTP, 2046 packets. Duration: 4294045 6325 SSRC: OxSACBE1S6
20.778667 i SIP Status 180 Ringing
20.961780 | RTP, 2 packets. Duration: 4204045 3355 SSRC: Ox12261BFF
21.001967 f RTP. 22 packets. Duration: 42040462055 SSRC: 0x12261BFF
21.442197 i RTP. 2 packets. Duration: 4284945.6545 SSRC: Dx12261BFF
21.482038 E - RTP. 16 packets. Duration- 4204945 8145 SSRC: Ox12261BFF
21.801596 | - RTP, 2 packets Duration- 4264545 4955 SSRC: Ox12261BFF
21.862057 E ﬂmﬁrmm:mu RTP, 17 packets. Duration: 42849454345 SSRC: Ox122612FF
22.187302 ' W:M‘QL,?M SIP Status 200 OK
22189913 ' DK SIP Request INVITE ACK 200 CSeq-102
22197649 20ey WU OKSDP (@il SIP Sttus 200 OK
22.247825 _’m% e SIP Request INVITE ACK 200 CSeq9478
04.648753 | m:‘L.@m SIP Request BYE CSeql
84.651325 : m%m SIP Status 200 OK
84.705902 :&Js:r,“‘L:ml SIP Request BYE CSeq 102
84.734306 g ——2000K SIP Status 200 OK

2NN 4.35 1N NI ZUIUMSINOUYEIMS INTNNHUIBIAY 200 e 024017005
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3) NTZUIUMITNNIUMS INTNINHLIBaYn 181U 200 ul‘iJET\‘l‘l’iiﬂElLﬁell

0812333343

M 200 call 0812333343.pcapng - Graph Analysis

- 192.168.1.101 202.129.61.102
ime 192.168.1.100

INVITE SDP (g711,,: f
o =

11.538695
11.541832
11.576320
11.596395
11.611327
11.916228
11.961639
12323177
12327788
16.394338
16.306104
16.954234
16.956813
17.003650
17.008037
18.123062
21.424051
21.519560
21.522081
21.529307
21.575233
93.620241
93.622603
93.679531
93.710676

401 Unauthorized |
1650801

ACK
050 50601

" INVITE SDP (g711,,
(5050 50601

e 100Trying |
020ty e

) H
INVITE SDP (g1,
i =2

'« 100Tryjing .
=060 (B0G0)

Comment

SIP INVITE From: <sip:200@192.158.1.100 To <sipS0612333343@192.158.1.10

SIP Status 401 Unzuthorized
SIP ACK From: <<ip:200@192 168.1.100 Tor<<ip0812333343@192 168.1.100 CSeqrd 1491

SIP INVITE From: <sip:-200@192.168.1.100 To:<sip00812233342@192.168.1.100 Call-ID-98=308¢

SIP Status 100 Trying
SIP INVITE From: <sip-+B621075791 @ catnexigen.com To:<sip 0812333343 @ catnexigen com 5060 Call-ID:654

00 Trying

183 Session Progress
150 Ringing
SIP Status 180 Ringing

SIP Status

183 Session Progress
ets. Duration: 42049503425 SSRC: 0x1D75ADDS

ets. Duration: 4204050.340s SSRC: Dx7CE021DE
ets. Duration: 42840502035 SSRC: 0x120C07FF

ets. Duration: 4204050.288: SSRC: Dx27BCA02D
RTP. 2 packets. Duration: 4264940 1735 SSRC: Ox120CO7FF

RTP. 5 packets. Duration: 4264945 §72s SSRC: Ox120C07FF

SIP Status 200 OK
SIP Request INVITE ACK 200 CSeqri0z
SIP Status 200 OK

SIP Request INVITE ACK 200 Cequd1452
SIP Request BYE CSeq-i

SIP Status 200 OK

SIP Request BYE CSeq102

SIP Status 200 OK

NN 4.36 1aAINTIMNTZLIUMTINOUVDINT INTINHUBLAY 200 ISIEE

0812333343

4) NTZUIUNTNINIUMS INTINKLeavn1ely 200 ”hJsj"mmmam

021075764

M 200 call 021075764.pcapng - Graph Analysis

Time 192.168.1.101 202.129.61.102
192.168.1.100

16.450004 INVITE SDP (g711,) ]
16.452541 401 Unauthorlzedi jj E
16.477595 il ACK ) 2o !
16.407518 :_,m‘:NV\TE SDP (g711,, I.;m, :
16.513003 : j'. 100 Trying "m E
16.797172 MIINVITE SDP (g711 -
16.842347 | m:‘ 100 Trying :rﬂgl
18.346155 | e 180 Ringing “>
18.348669 + 180 Ringing ! e .
21.931687 m:am OK SDP g‘."\.”:m
21.935660 e ACK e
21.938565
21.978361
21.995975
21.9968579
22.042263
22.045257
93.420018
93.422921
93471124
93.546122

Comment

SIP INVITE From: <sip:200@192 1681100 To: <sip-0021075764@ 192.168.1.100 Call-ID-100b59cF30424002 @1
5IP St=tus 401 Unauthorized

SIP ACK From: <sip:200@192.168.1.100 To: <sip-002 1075764 @ 192.168.1.100 Coeq:50803
SIP INVITE From: <sip-200@192 1681100 To:<sip-0021075764@ 192 168.1.100 Cal-ID-100b59c709424002 @1
SIP Status 100 Trying

SIP INVITE From: <sip:+6621075791@

sxtgen com To:<sip021075764@,

extgen com:5060 Call-10r250e
SIP Status 100 Trying
SIP Status 180 Ringing

5IP Stzus 180 Ringing

SIP Status 200 OK

SIP Request INVITE ACK 200 CSeq102

SIP Status 200 OK

SIP Request INVITE ACK 200 CSeq50854

RTP. 3532 packets. Durstion: 4284345.301s SIRC: OxES1AES2T
RTP, 3532 packets. Duration: 4204945 208z SSRC: Ox25C3SE3E

RTP, 3562 pa

ets Duration: 4294945 2545 SSRC: CxFCFIBBCC
RTP, 3560 packets. Durstion: 4204945 2515 SSRC: Qx314DEFTA
SIP Request BYE CSeq-50825

SIP Status 200 OK

SIP Request BYE CSeq103

5IP St=tus 200 OK

AN 4.37 1d@AINTIMNTZLIUMTINOUVDING INTNNHLILAY 200 ISIEE 021065764
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5) NIZUIUMTINOUMS Insnnranamunie 1 200 Ul‘l]ET\‘]ﬁiﬂﬂm"ll 009

M 200 call D03 8613640990109, peapng - Graph Analysis

192.168.1.101 202.129.61.102

Time 192.168.1.100 Comment

22.231936 mw@m. . SIP INVITE From: <sip:200@192 168.1.100 To-<sip:30098613640990109 @192.168.1.100 Cal-ID:bdsThdaba
22.234434 e SIP Status 401 Unauthorized

22258879 o——BCK SIP ACK From: <sip:200@ 192.168.1.100 Tor< sip60098613640990109@ 192.168.1.100 C5eqp65360

22.279227 _’mw o SIP INVITE From: <sip:200@192 168 1100 To-<sip:80098613640080109 @192 168 1.100 Cal-ID:b6daTbdabaf
22294394 a0 Trving . SIP Status 100 Trying

22.578544 - __ INVITE SDP (g711,; SIP IMVITE From: <sip-+ 6621075721 @catnextgen com To-<sip 000867 3640080109 @ catnextgen com 5060 Call-
22.623508 E E.Mim_ SIP Status 100 Trying

27.930131 | 183 Session Prog... SIP Status 183 Session Progress

27.932443 .. ~—120Ringing ‘ SIP Ststus 180 Ringing

32.147604 i 1500 Internal Servid 1 || 519 satus 500 et server Eor

38149343 E %.E E SIP ACK From: <sip:+ 6621075781 @catnextgen.com Tar<sip00986136400901 09 @ catnexigen.com:5060 CSeq:102
32178500 .., 483 Session Prog. | |51 stotus 183 session Progeess

38.196623 ;:M . RTP. 200 packets. Durstion: 4284929.100s SSRC: 071394226

38.223862 ___BIE&?J.IA]_.. |;._;: ! 0 packets Duration: 4284829 0715 SSRC- 0xBEBSTSTE

42253979 ., 400 Server intern..., ' SIP Status 500 Server intemal failure

42.286495 Ak . SIP ACK From: <sip200@ 192168 1100 Tor<ip-E009B6136400901D9@ 162 168.1.100 CSeqpbS381

AN 4.38 1AAINTINNTZUIUMTINOUVDINT INTINHGLAY 200 hlﬂETQ

009 8613640990109

6) WANINATOUNIIHINNUVIGAYNIBUDN AT INTIHIINHUIIAY
[ o 4 ) r o 4 4 { .
Meuon Taolruroay InTAN N Ug U ( Fixed line) Moy Inssnsinaoui (Mobile) 1ag
T Y 1]
NI VoIP aungn Instt i ladnd &an13 nswni dviualdaen nssiu 6621075791

ANNHIYAY 200

d' o 4 d' g’.}
Q13199 4.4 Wan3 InsEnanvanemyMeuenIusuueI nelungs 13

A number

B number | Extension 200

Fixed line 024017005

Mobile 0812333343

VolIP 021065764 v
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174 m3lauang mMsnagaumslouaiy azl¥Ismsnaasl aann wuemy

S
200 INFHHUBAY 201 MNUUTUNUINY

U USER:200

AN 4.39 LAAINMTTUNUINUTEHINHLUIGLAY 200 LAZHUGIQY 201
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Abstract
This research proposed the applying IP-PBX on Raspberry
Pi Board for Business Support Services of CAT2Call Plus. The main
objective of developing a Private Automatic Branch Exchange (PABX)
System used the internal phone systems or small business. The study
conducted the experiments; 1) Cost and 2) Benefit. The costing of the
proposed system with IP-PBX system on the server, to reduce the cost
and enhance the performance functions such as call in, call out and call
forward include can monitoring the call information by CDR (Call

Detail Record).

Keywords: IP-PBX, Raspberry Pi board, VoIP, Embedded computer
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