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| Vsebina

= Osnovni pojmi

= VolIP telefonija

= VoIP - prenos zvoka

= VoIP kompresija zvoka — “kodeki”

m Protokolni sklad za prenos medijskega prometa
= Prometna analiza

= VoIP terminalna oprema

——

www.Itfe.org, Laboratorij za telekomunikacije 2 |




Uvod

VolIP — glasovna komunikacija prek protokola IP

m tehnologija omogoc¢a izvajanje glasovnih klicev z uporabo
sirokopasovne Internetne povezave

m namesto regularne (analogne) telefonske linije

Zakaj?
m VoIP vpliva na cene storitev in zamenjuje distribucijo dodanih
vrednosti med ponudniki storitev

Zakaj zdaj?
m resna alternativnha moznost za glasovne komunikacije z dodanimi
storitvami

m ponudniki storitev in proizvajalci opreme dodajajo VolP v svoje
ponudbe

——
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| Opredelitev VolP

IP telefonija
m prenos govora, faksov ali podobnih sporogil prek paketnih IP omrezij

Internetna telefonija
m je del IP telefonije
m |P telefonija, kjer je osnovno transportno omrezje javni internet

Voice-over-IP (VolIP)

m je del IP telefonije
m prenosho omrezje zasebno, upravljano in nadzorovano omrezje IP

Analogno pojmom
m [nternetTV
s IPTV

——
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| Osnovni pojmi - skica

IP telefonija (Voice over the Internet)

\@ QoS = Best Effort

Lokalna Kabelski
omrezja ) dostop

Voice over IP

“Upravljano”
IP omrezje

~
fﬁ\]avni

QoS = Kontrola obremenitev

S Internet . ..
e In garancije Brezziéni Ziéni
EEIE dostop dostop
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Telefonija VolIP

= Nosilno storitev predstavlja protokol IP

m Zagovorno komunikacijo je namesto tokokrogovnega uporabljen
paketni nacin prenosa podatkov

= Govorna zveza prek

m tokokrogovnega omrezja (a)

m paketnega omrezja (b) PRINCIP DELOVAN_‘]A - o
Analogni govorni signal = digitalni podatkovni niz
Oblikovanje IP paketov
Posredovanje paketov v IP omrezje
Konéni terminal: zdruzevanje paketov v digitalni niz
Digitalni podatkovni niz = analogni govorni signal

D S > < <X @
» mm— $ =

@) (b)
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Prenos s protokolom IP

Internetni protokol IP
m paketni protokol
m usmerjanje vsakega paketa posebe]

m prenos paketov brez garancij
m delovanje “best — effort”
m zakasnitve, izgube

Podatkovni promet
m asinhron —lahko zakasnitve

Glasovni promet
m Sinhron — stroge omejitve za zakasnitve

VoIP mora:
m dosedi zahteve tradicionalne telefonije

IP v osnovi ni primeren za prenos zvoka v realnem ¢asu

m ponuditi nove in atraktivhe zmogljivosti po nizji ceni

——
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Protokoli IP telefonije

Signalizacijski protokoli
m |ociranje klicanega uporabnika
m vzpostavljanje povezave

m Kklicanje

m prevzem zveze

m preusmeritev

m nastavljanje zacetnih parametrov zveze
m tip zveze
m avdio kodek
m dodajanje / odstranjevanje sogovorcev...

m spreminjanje parametrov med zvezo
m zakljucevanje povezave

SIP
H.323

——
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| Protokoli IP telefonije

Protokoli za prenos govora in ostale vsebine (Media
Transport Protocols)

m digitalizacija vsebine

m kodiranje

m dekodiranje

m paketiranje

Protokoli za upravljanje prehodov

IP telefonija uporablja tudi standardne internetne protokole
m TCP

UDP

RTP

RTCP

——
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| Glavni VolP standardi

s Odpri standardi — organizacija IETF
= RFC - Request For Comments
s |[ETF

RFC 3261 SIP
RFC 2327 SDP
RFC 1889 RTP
RFC 768 UDP
RFC 791 IP

m ITU-T

H.323: Zgodovina, nadomestil ga je SIP

m G.700: kodiranje zvoka

m G.711: 64 kb/s PCM
m Ostali kodeki, nizje hitrosti (lower rates?)

s |IEEE 802.3 Ethernet
= TIA kategorije kablov

——
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| SIP

m Session Initiation Protocol (SIP) je protokol za kontrolo
aplikacijskega sloja (signalizacija) za:
m ustvarjanje,
m spreminjanje,
m rusenje ...
= ... multimedijskih sej za enega ali vec¢ sodelujocih.

I SIP komponente

Lokacijski  Preusmeritveni  Registrski
streznik streznik streznik

i
|
|
|
|
I hendlbasdia |
|
|
|
|
|
|

L L
— :.@

Uporabniski Provxyk Provxy I
agent strezni streznik | Prehod
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H.323

Osnovne funkcionalnosti H.323
m Vvzpostavljanje in prekinjanje klicev
m avdio, video ali multimedijske konference

Gatekeeper Multipoint
Control Unit

Tokokrogovno
omrezje

Paketno
omrezje

Gateway

Terminal

——
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SIP

Terminal A Vratar Terminal B UAA UAB
[
L] — [ ﬁg ﬁg
= Zveza s ARQ:I 1. INVITE
: <«<— 2.ACK
[ | .
vzpostavitev 3 SETUP —— & 2.180 (Ringing) 4
[ vzdrzevanje H.295 < €—— 4. Call Proceeding = e— 3.200 OK —
P ' 5.ARQ —>
® rusenje ——— 4. ACK ——
6.ACK —
e 7. Alerting ———— < rosovon >
\- j&——— 8. Connect ——— ¢— 5. BYE ——
(" le——— Terminal capability set | 6.200 OK —3)
Terminal capability set ack —>|
H.245 < o SIP
Terminal capability set ——>¢
(_ [€—— Terminal cf?pability set ack ——
(" le——— Open logical channel
—— Open logical channel ack —>
RTP sloj < Open logical channel >
l€<—— Open logical channel ack
\ |
H.323
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Q Paketizacija govornega signala

Analogni signal Digitaliziran signal
My M, g fng s aioss
9119, g 8198019 9g 9
A ) I 8 g X
'Vu WV L4 5 5 2 5%y

Kompresija/ paketizacija
Vzoréeni signal okvirjev v pakete
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Protokolni sklad za prenos A/V vsebin

= Kontrola seje = Prenos podatkov
= SIP = RTP/RTCP
= H.323 s SRTP/SRTCP/ZRTP

m (RTSP za video vsebine) m TCP/UDP

kontrola

seje podatki

[
T
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Avdio “kodeki”

Kodeki se razlikujejo po
m potrebni pasovni Sirini
m potrebni procesorski moci za kodiranje in dekodiranje

Kodek | Algoritem Bitna hitrost

G.711 | Pulse-Coded Modulation (PCM), p-Law ali A-Law 64 kb/s

G.721 | Adaptive Differential Pulse Code Modulation (ADPCM) 32 kb/s

G.726 | RazSirjen ADPCM 40, 32, 24 ali 16 kb/s

G.728 |Low-Delay Code Excited Linear Prediction (LD-CELP) 16 kb/s

G.729 | Conjugate-Structure Algebraic-Code-Excited Linear 8 kb/s
Prediction (CS-ACELP)

——
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Primer: Avdio prek RTP/RTCP
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| VoIP kodeki — pasovna Sirina

G.711 - Ethernet

BW: 64kbit/s
vzoréenje: 20ms->50 paket/s

64kbit/s / 50 paket/s = 1280
bit/paket = 160 byte/paket
rezija: Ethernet (18 byte) + IP
(20 byte) + UDP (8 byte) +
RTP (12 byte) = 58 byte
skupno: 160 byte/paket + 58
byte/paket = 218 byte/paket

bruto BW: 218 byte/paket * 50
paket/s = 10900 byte/s = 87.2
kbit/s

rezija: 87.2 kbit/s - 64kbit/s =
23.2 kbit/s

Codec Information

Bandwidth Calculations

Codec | Codec | Codec | Mean Voice | Voice |Packets |Bandwidth Ba?d:.:.ith Bandwidth
& Bit | Sample | Sample | Opinion | Payload | Payload Per MP or WMGP or Eatrl11ev:rl1et
Rate Size |Interval | Score Size Size ||Second | FRF.12 FRF 12 Kb
(Kbps) | (Bytes) | (ms) (MOS) | (Bytes) | (ms) (PPS) (Kbps) (Kbp;s) (Kbps)

G711 |gg 160

{64 Biytes 10ms |41 Bytes 20ms |50 82 .8 Kbps ||67.6 Kbps |87.2 Kbps

Kbps)

G729 |4q 20

(g 10ms |3.92 20ms |50 26.8 Kbhps [|[11.6 Kbps  |31.2 Khps

Kbps) Brytes Bytes

G.723.1) oy 2

(6.3 Bytes 30ms 3.9 Bytes 30ms |34 18.9 Khps ||8.8 Kbps | 21.9 Khps

Khps)

G.7231 20 a0

(3.3 Biytes 30 ms 3.8 Eytes 30 ms 34 17.9 Kbps ||7.7 Kbps 20.8 Khps

khps)

G726 |4 a0

{32 Biytes 4 ms 3.85 Bytes 20ms |80 0.8 Kbps ||35.6 kbps | 59.2 Kbps

Kbps)

G726 |45 &0

(24 g ms 20ms |20 42.8 Khps  ||27.6 Kbps || 47.2 Khps

Kbps) Brytes Bytes

G728 |4q a0

(16 2 ms 3.581 30 ms 34 285 khps |[18.4 Kbps | 31.5 Kbps

Kops) Bytes Bytes

Vir: http://www.cisco.com/en/US/tech/tk652/tk698/technologies_tech _note09186a0080094ae2.shtml
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Osnovne znacilnosti RTP/RTCP/RTSP

-2 L3 - L3 - L4 -
prenosna omrezje transport aplikacije
tehnologija J
RTP/RTCP/
Ethernet IP UDP/TCP RTSP
Eth glava IP glava UDP glava RTP PDU UDP:5004
Eth glava IP glava UDP glava RTCP PDU UDP:5005
Eth glava IP glava TCP/UDP glava RTSP PDU UDP/TCP:554

o
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RTP (Real-time Transport Protocol)

= RFC 3550, RFC 3551

m detekcijo izgub

m identifikacijo vsebin
= Polja

m Verzija—2

m Tovor (ang. Payload)

= Casovni zig (ang. Timestamp)

= Namenjen prenosu vsebin v “realnem casu”
= Prenos v unicast in multicast nacinu

= Protokol RTP zagotavlja storitve
m ¢asovno zigosanje in rekonstrukcijo

‘MAC header ‘E header [UDP header ‘RTP message

00(01/02(03|04|0506 |07 (08|09 (10|11 |12

13(14(15(16(17|18(19(20 21 222324 2526(27 282930

31

Ver P X cC M

PT

Sequence Number

Tiumnestamp

SSRC

CSRC[0..15] :::
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RTCP (RTP Control Protocol)

RFC 3605, RFC 3611, RFC 3711, RFC 3550
Komplementaren protokol, ki dopolnjuje protokol RTP
Udelezenci RTP seje periodicno posiljajo RTCP sporocila za
Izmenjavo informacij o kvaliteti prenosa in o identiteti
udelezencev

Naloge

m nadzor kakovosti storitev in prenosa podatkov, informacije lahko
koristijo tako oddajniki, sprejemniki ali nadzorni sistemi

m identifikacija izvorov omogoc€a enoli¢no globalno oznacevanje —
kanoni¢éna imena

m sinhronizacija med mediji (avdio, video).
m prilagajanje kontrolnih informacij med udelezenci

‘MAC header |E header

UDP header |RTCP header ‘Data i |

00 (01 [02[03]04/05/06/07 (0809 [10[11(12 13 [14[15[1617[18[19 2021 22 23242526 27 28[29 30 31
Version | P Count ‘ Tvpe Length

Data
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ﬂ RTSP (Real Time Streaming Protocol)

RFC 2326

Nadzorni protokol namenjen za ucinkovito strujanje
vecpredstavnih vsebin

Prenos prek transportnih protokolov TCP (tipicno) in UDP,
privzeta st. komunikacijskih vrat je 554 (8554)

Strezba vsebin na zahtevo in oddajanje v zivo

Omogoca inicializacijo in VCR funkcionalnosti: pavza, hitro
predvajanje naprej in nazaj, absolutno pozicioniranje

Mozno tuneliranje podatkov (RTP) v okviru protokola RTSP
Komplementaren po funkcionalnosti H.323

Razvili: RealNetworks, Netscape Communicatios, Columbia
University

MAC header [IP header |TCP header RTSP message
MAC header IP header [UDP header RTSP message
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Analiza prometa — H.323 - signalizacija

|i h323test1.pcap - Wireshark o =
File Edit Wiew Go Capture Analyze Statistics  Help

Beses pBxoeaBevossEaaan eanm x| a

Eﬂter:l(ip.addr ag 152.168.98.23 and ip.addr eq 192.1 ~ Expression... Clear Apply

Mo, - Tirne: Source Destination Protacal Info

7 4.105758 1%2.168.95. 23 1%2.168.50,2 1038 > 1720 [ack] Seg=l ack=1l win=8192 Len=0
8 4.235365 192.168.95.23 192.168.99.2 Cs: setup openLogicalchannel
O 4.236847 1%2.168.96.2 152.168.99. 253 TCP 1720 > 1038 [ACK] Seq=l Ack=334 Win=7863 Len=0 TSw=37199256 TSER=5742188
10 4.3635940 192.168.99.2 192.168,99,23 H.225.0 C5: setupAcknowledge
11 4.389757 192.168.99.2 192.168.99, 23 H.225.0 CS: progress openLogicalchannel
15 4.430233 1%2.168.98.23 1%2.168.99,2 TCP 1038 > 1720 [ACK] Seq=334 Ack=175 Win=80&67 Len=0 =
9l 6.697707 152.168.95.23 1%2.168.99,2 H.225.0 cs: information
06 6, 816400 1%2.168.96,2 1%2.168.99,23 TCP 1720 > 1038 [AcKk] Seq=179 Ack=386 win=8192 Len=0 TSv=37199261 TSER=5742188
343 135, B09E84 1%2.168.95,23 1%2.168.99,2 H.225.0 C3: releasecomplete
344 135, 811030 192.168.96.2 1%2.168.99, 23 1720 > 1038 [ack] Seq=179 aAck=440 win=8142 Len=0 TSw=37199275 TSER=5742188
346 15, 816605 152.168.95. 25 1%2.168.50,2 1038 > 1720 [ACK] Seq=440 Ack=180 win=8192 Len=0
348 13.822748  192.168.99.2 192.168,99,23 1720 = 1038 [ACK] Seq=180 Ack=441 wWin=819%2 Len=0 TSw=37199275 TSER=5742188 =3

® Frame 8 (387 bytes on wire, 387 bytes captured)
Ethernet II, Src: Iskratel_50:09:60 (00:d0:50:50:09:600, Dst: Iskratel _00:4F7:8F (00:d0:50:00:4F:58F)
Internet Protocol, Src: 192.168.99.23 (192.168.99.23), Dst: 192.168.99.2 (152.168.99.2)
Transmission Control Protocol, Sk Port: 1038 (1038), Dst Port: 1720 (17200, seq: 1, ack: 1, Len: 333
TPKT, Wersion: 3, Length: 333
Q.0931
= H.225.0 CS
= H323_UserInformation
= h323-uu-pdu
= h323-message-hody: setup (00
= setup
protocolidentifier: 0.0.8.2250.0.4 (ftu-t(0) recommendation(o) h(s8) h225-0(2250) version(ol) 4)
® sourceaddress: 2 dtems
® sourceInfo
® destCallsignaladdress: ipaddress (0]
O... ..., activeMc: False
conferenceIb: 0058791b-3f33-0al1f-0cad-33f069eesf1d
® conferencecoal: create €0)
® callType: pointToPoint (0)
® sourceCallsignaladdress: dipaddress (00
= callrdentifier
guid: 0058791b-3f33-0alf-0ca7-33f065%eesf1d
= faststart: 4 items
= Item O = |
Item: 25 octets
= openLogicalChannel
forwardLogicalchannelnumber: 1
= forwardLogicalchannelParameters
= dataType: audiobata (3)
=+ audiobata: g7llalawsdk (10
® multiplexParameters: hzz50Logicalchannelrarameters (30

Item 1 (v
0obo ee ST 1d 71 04 15 00 00 [i
00cd 01 00 <0 aB 63 17 4a 38 .19
00dd 40 01 42 06 04 01 00 4c 20 1d S0 11 14 00 01 00 &B....L ....... =
00ed <0 a8 63 1¥ 4a3 38 00 <0 C.19
oofo 01 0oc 60 1d 80 11 14 00 R |1 b:
AR NaTa) Mt =M 0 23 17 A- 20 1A =) [
hz45. AudioCapability (h245, audioData), 3 bykes P 3510 16 M0
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Analiza prometa H.323/RTP — podatki

ME%]

File Edit Wew Go Capture Analyze Statistics  Help

B W e e o B x % 8 @ « 2 » F 2 Q  Q [ | @ ® &5 x| @

Ellter:‘ ¥  Expression... Clear Apply
Ma, - Time Source Diestination Prokocol Infa ia}
= e uuo R R R e L oo s B B I o P P e e
5 4.100470 1%2.168. 99,23 1%2.168.99.2 TCP 1038 > 1720 [S¥M] Seq=0 Len=0 MSS=1460 wS=0 TSVW=5742188 TSER=0
6 4,102517 1%2.168.99.2 1%2.168.99.23 TCP 1720 > 1038 [S¥M, ACK] Seq=0 Ack=1 Win=8192 Len=0 MSS=1460 WS=0 TSW=37199255 TSER=57
7 4,103758 192.168.99.23 152.168.99.2 TCP 1038 > 1720 [ACK] Seg=l ack=1 win=8192 Len=0
8 4,235365 192.168.99.23 192.168.599.2 H.225.0 €s: setup openLogicalchannel
S 4.236847 192.168.95.2 1%2.168. 85,23 TCP 1720 » 1038 [ACK] Seg=l ack=334 win=¥B863 Len=0 TSv=37135256 TSER=5742188
10 4.383940 152.168.95.2 1%2.168. 85,23 H.225.0 C35: setupacknowledge
11 4.368757 192.168.99.2 192.168.89.23 H.225.0 Cs: progress openLogicalchannel
12 4.404744 152.168.958.2 1%2.168. 585,23 RTP PT=ITU-T G.711 PCMA, SSRC=0xC7AB4AD, Seq=0, Time=200, Mark
13 4.430233 152.1868. 99, 23 152.168.595.2 TCP 1038 > 1720 [ACK] Seq=334 Ack=179 Win=8067 Len=
14 4.4365666 192,168, 9%9.2 1%2.168.99.23 RTP FT=ITU-T G.711 PCMA, SSRC=0xC7AB4A0, Seq=1l, Time=440
15 4.48686815 1%2.168.99.2 1%2.168.99.23 RTP PT=ITU-T G.71l PCMA, SSRC=0xC7AB4A0, Seq=2, Time=680
16 4, 500622 1%2.168.99.2 1%2.168.99.23 RTP PT=ITU-T G.71l PCMA, SSRC=0xC7AB4A0, Seq=3, Time=920
17 4,532613 152.168.99.2 152,168, 99,23 RTP PT=ITU-T G.71l PCMA, SSRC=0xC7AB440, Seg=4, Time=1160
18 4,564612 152.168.99.2 152,168, 99,23 RTP PT=ITU-T G.71l PCMA, SSRC=0xC7AB4A0, Seq=5, Time=1400
1% 4, 580658 1%2.168.99%.2 1%2.168. 95,23 RTP PT=ITU-T G.71l PCMA, SSRC=0xC7AB4A0, Seq=6, Time=1&640 |
20 4.612620 152.168.958.2 1%2.168. 85,23 RTP PT=ITU-T G.71l PCMA, SSRC=0xC7AB440, Seqs=7, Time=1880 hd
# Frame 17 (294 hytes on wire, 294 bytes captured)
# Ethernet II, src: Iskratel_0o0:4f:8F (00:d0:50:00:4F:8F), Dpst: Iskratel_50:009:60 (00:d0:50:50:00:60)
# Internet Protocol, Src: 192.168.99.2 (19%2.168.95.2), Dst: 192.168.99.23 (192.168.99.23)
= User Datagram Protocol, Sr< Port: 17948 (17948), Dst Port: 159000 (1950007
Source port: 17948 (17948)
pestination port: 18000 (190007
Length: 260
® Checksum: 0x0000 (none)
= Real-Time Transport Protocol
= [Stream setup by H245 (frame 11)]
setup frame: 11
[Setup Method: H245]
10.. .... = version: RFC 1839 version (23
= Padding: False
..., = Extension: False
voe. 0000 = Contributing source jdentifiers count: O
0. .. = Marker: False
Pay1oad type ITU-T G.711 PCMA (B)
sequence number: 4
[Extended sequence number: 65540]
Timestamp: 1160
synchronization source identifier: Ox0c7abdad (209368224)
Payload: ESBASBABEELSSCLOG363F3A2538320B11938ABDEBASBABFEY. ..
0020 63 17 46 1c 4a 38 01 04 ~
0030 04 BB 0c 7a b4 ad bB aj
0040 3a 25 38 32 0b 11 93 Sa
0050 02 31 3e 3a 3a 39 33 Oe
0060 b4 Sh 5C Oe 33 39 3a 3a
0070 a5 b8 bd 8a 93 11 ob 32
0080 bl be ba a5 b& b3 8% eh
0090 05 el 8¢ b0 b9 ba ba b9
00a0  3b 3d 35 1< 94 88 b2 b8
00bQ  3e 3a 25 38 32 08 14 Gc
00c0 Fb 0d 30 39 3a 3a 39 30
00d0  bd b5 9e 8b 09 33 38 25
0020 ba a5 b8 bz 8b 91 13 Oa
0of0 B2 bl be ba ba b3 b3 8e
0100 34 1b ec 8e b3 b% ba ba ]
o110 25 38 3d 0a 13 91 sb b2 v

Pavload bvpe {rtp.p_tvpe), 1 byte Pi351 D0 350 M0
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| Analiza prometa H.323 - BW

Kl Wireshark 10 Graphs: h323test1.pcap

9[=1x)

— 100000
—  S0000
| I 1T 11 | T 11 | 1 I:I
el 10s 15=
| L |
-iaraphs - Bis
izraph 1| Color | Filker: Skyle: | Line % ||| Tick inkerval: | 1 sec W
israph 2 | Color |Eilker: | kep Stwle: | Line w | || Fixels per kick: 10 i
GraphS Color |Filker: | rkp Style: | Line w || Y Ais
iaraph 4 | Color |Filker: Skvle: | Line w ||| | Unit: Bits[Tick Bl
Graph 5 | Color |Filker: Stvle: | Line v | || Srale: At Bl
Help Close
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@ (Untitled) - Ethereal

File Edit %¥iew Go Capture Analyze Statistics Help

B BDEHx @8 Qe FE QQa BPOhEX O

@EH‘BI’: Iip.addr == 193 2 90 101 Ll +Expressmn...| Q@Qlearl o applyl

Mo, - I Time | Source | Destination | Frotocol I Length | Info I j‘
47 4.999376 10.0.2.130 193.2.90.101 TCP 62 3173 > 554 [SYN] Seq=0 Ack=0 Win=65535 Len=0 M55=1460
49 5.000252  193.2.90.101 10.0.3.130 TCP 62 554 > 3173 [S¥M, ACK] Seq=0 aAck=l win=16384 Len=0 M35=14
50 5.000464 10 0.3.130 193.2.90.101 TCP 54 3173 = 554 [ACK] Seqg=1 Ack=1 wWin= 65535 Len= O
; 5. [ 0 : DESCRIEE rts 01 Sha v R .
52 5.036928 193.2.90.101 10,0, 3. 130 RTSP/S 1514 Reply: RTSP/1.0 200 OK, with sess on descr1pt1on
53 5.037141 193.2.90.101 10.0.3.130 RTSP 1514 Continuation
54 5.037284 10.0.3.130 193.2.90.101 TCP 54 3173 > 554 [ACK] Seq=432 Ack=2921 wWin=65535 Len=0
55 5.037471  193.2.90.101 10.0.3.130 RTSP 29 Continuation
57 5.173464 10.0.3.130 193.2.90.101 TCP 54 3173 = 554 [ACK] Seq=432 Ack=2956 Win=£65500 Len=0
58 5.229027 10.0.3.130 193.2.90.101 RTSP 414 SETUP rtsp://193.2.90.101l/harry.wnv/rtx RTSP/1L.0
59 5.235884 193.2.90.101 10.0.3.120 RTSP 628 Reply: RTSP/1.0 200 OK
60 5.2372333 10.0.2.130 193.2.90.101 RTSP 482 SET_FARAMETER rtsp://1932.2.90.101/harry.wnv RTSF/1.0
61 5.237958 193.2.90.101 10.0.3.130 RTP 1512 Payload type=Unknown (963, SSRC=2407692578, Seq=B01lr, Tir
62 5.238135 193.2.90.101 10.0.3.130 RTP 1513 Payload type=Unknown (963, SSRC=2407692578, Seq=8018, Tir
63 5.238196 193.2.90.101 10.0.3.130 RTP 1514 pPayload type=Unknown (963, SSRC=2407692578, Seq=8019, Tir
64 5.238271 193.2.90.101 10.0.3.130 RTSP 301 Reply: RTSP/1.0 200 OK
65 5.374636 10.0.3.130 193.2.90.101 TCP 54 3173 = 554 [ACK] Seq=1220 Ack=3777 Win=64679 Len=0
66 5.499908 10.0.2.130 193.2.90.101 RTSP 441 SETUP rtsp://193.2.90.101/harry. wnv/audio RTSP/1.0
67 5.502250 193.2.90.101 10.0.3.130 RTSP 635 Reply: BRTSP/L.0 200 OK
68 5.502516 10.0.2.130 193.2.90.101 RTSP 447 SETUF rtsp://193.2.90.101 /harry..wnv/video RTSPA1.0
69 5.504099 193.2.90.101 10.0.3.130 RTSP 635 Reply: RTSP/1L.0 200 OK
F05.676389 10.0.3.130 193.2.90.101 TCP 54 3173 > 554 [ACK] Seq=1994 Ack=4939 wWin=65535% Len=0
117 B. 498841 10.0.2.130 193.2.90.101 RTSP 468 PLAY rtsp://193.2.90.101 fharry . wny RTSPA1.0
118 8.502907 193.2.90.101 10.0.3.130 RTSP 820 Reply: RTSP/1L.0 200 OK
119 8.506884 10.0.3.130 193.2.90.101 RTSP 547 SET_PARAMETER rtsp://193.2.90.101/harry.wmy RTSP/1.0
120 8.507459  193.2.90.101 10.0.3.120 RTSP 189 Reply: RTSP/1.0 200 OK
121 8.548514 193.2.90.101 10.0.3.130 RTP 1426 Payload type=Unknown (963, SSRC=12025892, Seqg=61551, Tim:
122 B.548733 193.2.90.101 10.0.32.130 RTP 1426 Payload type=Unknown (963, SSRC=12025892, Seq=61552, Time
122 B. 548785 193.2.90.101 10.0.3.130 RTP 1403 Payload type=Unknown (96), SSRC=12025892, Seq 61553 T e -
 Frame 51 (485 bytes on wire, 485 bytes captured)
r Ethernet II, Src: C0:03:47:fe:tfe:eb, Dst: Q0:16:46:b6 a8 :40
r Internet Protocol, Src adde: 10.0.3.130 €10.0.3.130), Dst Addr: 193.2.90.101 ¢193.2.90.101>
r Transmission Control Protocol, Src Fort: 3173 (31720, Dst Fort: 554 (5542, 3eqg: 1, aAack: 1, Len: 431
- Real Time Streaming -
r DESCRIEE rtsp://193.2.90.101 /harry. wny RTSPA1. ONrwn
User-agent: WMPlayer/10.0.0.364 guid/3300AD50-2C39-46C0-AEQA-SO0F44282979%r\n
Accept: application/sdpirin
Accept-Charset: UTF-8, ¥*;q=0.1%r%n
X-Accept-puthentication: mMegotiate, NTLM, Digest, EBasichrin
Accept-Language: s1-5T, *;q=0.1%r%n
CSeq: 1hrvwn
Supported: com.microsoft.wmn.srvppair, com.microsoft.wn.sswitch, com.microsoft.wm. eosmsg, com.microsoft.wnm.predstrm, com.micr
ANl Ny

4]

| i

Real Time Streaming Protocol (risp), 431 bytes JFP:i 1897 D 1335 M D
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Analiza prometa RTSP seje

(@ amino103-a_mpg-ociscen. trace - Ethereal

Ele Edt e G0 Caphre gnahs Statstes Heb

BER*x®WERev0F T QQEG PREX T

i

. Eiter: [(ip 2dar eq 10.0.5.20 and ip addr eq 10.0.1.78) an jﬂwsm..\ waar| #m|
Cas Vzpostavitey TCP seje
' 7 - AR T, T (3-wiay handshake, 3 paketi)
2 0.000621 10.0.1.75 10.0.5.20 b 7a 3> 2050 [svn nCK] Seq 0 ack-l >
30000943 1005 3 inni1 i e Bf 201549 554 I'ﬂr'l{'l LN 1 fck=]1 Win=
40.102013 10.0.5.20 10.0.1.78 RTSP 255 SETUP rtsp://10.0.1.78/video/a | RTSP: SETUP >
50.102148 10.0.1.78 10.0.5.20 TP 66 554 > 2050 [ACK] Sea=l Ack=190 Wi
60.110499 10.0.1.78 10.0.5.20 RTSP/S 496 Reply: RTSP/1.0 200 0K, with sess
70.110811 10.0.5.20 10.0.1.78 TP 66 2059 > 554 [ACK] Seq=190 Ack=431
§0.209060 10.0.5.20 0.0.1.7% RTSF 170 LAY risp://10.0.1.76/Vi0e0/a. 00 | RTSP: PLAY
90.222411 10.0.1.78 10.0.5.20 RSP 241 Reply: RTSP/1.0 200 OK >
100222725 10,0.5.20 0.0.1.78 TP B 2059 » 554 [ACK] Seq=294 Ack=605 .
5338 15424355 10.0.5.20 10.0.1.78 RTSP 150 GET_PARAMETER rtspr//10.0.1. 78— b =b GET _PARAMETER,
6342 15.431080 10.0.1.78 10.0.5.20 RTSP 163 Reply: RTSP/1.0 200 OK
g i T L 7
18899 45.424179 10.0.5.20 10.0.1.78 RTSP 150  GET_PARAMETER rtsp://10.0.1.7844 ET=E GET PARAMETER,
18903 43.431506 10.0.1.78 10.0.5.20 RTSP 163 Reply: RTSP/1.0 200 0K
18904 45.431774 10.0.5.20 10.0.1.78 TP f6 2059 > 554 [ACK] Seq=462 mck=300
18970 50.810103 10.0.5.20 10.0.1.78 RTSP 145 TEARDOWM rtsp://10.0.1.78/ideo/a BTSSR TE ARDICWAR >
18971 50.817307 10.0.1.78 10.0.5.20 RTSP 132 Reply: RTSP;[’LD]EDD 0K
18972 50.817711 10.0.5.20 10.0.1.78 TP 66 2059 > 554 [ACK] SeqsS41 Ack=866 . :
INEEEI N S PP VR I I IF 5] JUDN 00 TFIN, }'LK] SE(=131 ACE RUSBF‘IJE TCP a8
18974 50.983433 10.0.1.78 10.0.5.20 TP 66 934 » 2059 [RST, ACK] SeqeRee ack | (2 paketa) >
A 4

A

b Internet Protocal,

b Transmission Contral Protocol,

b Frame 1 (74 bytes on wire, 74 bytes captured)
b Ethernat II, Src: 00:02:02:00:33:8b, Dst: 00:30:48:84:0cC:5a

SrcoAddr: 10.0.5.20 €10.0.5.20%, Dst addr: 10.0.1.78 (10.0.1.78)
src Port: 2059 (2059,

Dst port: 554 (5540, Seq: 0, Ack: O, Len: D

000 00 30 48 84 dc Sa 0O 01
010 Q0 3c 89 8d 40 00 40 06
(20 01 4e 08 0b 02 2a b 4e
030 16 d0 02 60 00 00 07 (4

I s mm mm e e e

02 00 33 8 08 00 45 00
96 co 0a 00 05 14 Da 0D

K. 2.

CoUJBE

3. .E. e
N 2.....:
P A J

[File: aminain3-2_moc-ociscen, race 25 MB 00.00:50

0B 32 00 00 00 00 ad 02 LK.
Q§|3§D402030a0¢30[ﬁ .
4P 1B9740: 2LM: 0

——
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% Packets |Packets |Bytes
10

- Ethernet 100,00% 18974 26120041 u] a 0,000
= Internet Protocal 100,00% 18974 26120041 0 0 0,000
= Transmission Control Protocol 0,11% 21 2807 11 742 0,000

= Real Time Streaming Protocol 0,0=% 10 2085 0,000 9 1559 0,000
Session Description Protocol 0,01% 1 496 0,000 1 496 0,000

= Lser Datagram Protocol 09,80% 18953 26117234 4,093 0 0 0,000
Data 09,89% 18933 26117234 4,093 18953 26117234 4,098

= Primerjava koli¢ine prometa (RTSP, UDP)

{@ Ethereal IO Graphs: amino103-a_mpg-ociscen. trace

— 1000000
— S00000
L | T 1T | T 1T | L I L | T 1T | L I L I T 1T | T 1T | D
55 10s 15s 20s 255 30s 355 405 455 S0s
4] | |
rGraphs X Axis
Color mEilter: Iip Style:  Line [ > ||| Tick interval: 1 sec [ =
Graph 2 color [ Eilter: Irtsp Style:  Line [ & || |Fixels per tick: 10 [ -
Graph 2 |CDIDr [ Eilter: I Style:  Line [ = | Axis
IGraph 4 color [ Eilter: Iudp Style:  Impulse [ 3 ||| Ynit: Bytes/Tick | 3
Graph 5 |CDIDr M3 Eilter: I Style:  Line I - Scale: L{v
X Close |
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= Nacelno IP terminale delimo v dve vecji skupini
m Strojno osnovani VolIP terminali oziroma IP telefoni in
m programsko osnovani VolP terminali

= [P telefon sestoji iz sledecCih referencnih komponent
m uporabniski vmesnik
m govorni vmesnik
m omrezni vmeshik
m procesorsko jedro s pripadajo€o logiko

PDA

Network interface

:ﬁ
jjﬂ = &

\ Core chip

Corporate

P LAN, xDSL,
Cable

Modem

User
Interface

Voice I/F

L]

——
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IP telefon — strojna zasnova

m Uporabniski vmesnik
m tipkovnica
m prikazovalnik

= Avdio vmesnik

m digitalizacijain formatiranje audio signala
= Mrezni vmesnik

m omrezna komunikacija

s Procesor (DSP, MCU)

PDA <

Network interface

Corporate
- LAN, xDSL.
0/100 Cable
asel Modem

User
Interface

m =

Voice l/F

\ Core chip )
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IP telefon — programska zasnova

User interface Telephony signaling gatewa Network management
P y sig g9 y d
Dls.play |
driver Call Address Network management
processing translation agent
Keypad User
driver [*® procedures 4 T 1
Y Y A 4
SGCP/ H.323 protokoli WebServer
Audible MGCP (H.225, H.245, HTTP SNMP TFTP
dri g RAS/RTCP) Java App
river A A A A
=IEGET RTOS ey
Initializat. driver
Power-on BSP Flash
selftest manager
| VPM Interface |
System services manager
Real | control |, Net. Interface D A AN A J
time I it [ ' driver
Kernel vt TCP UDP
Voice
PCM - ~
Interface Tone Coding o P
Unit detec. Unit
Packet
U-law Packet Protocol
alaw M Echo Gain Layout |« Encapsulat. MAC/ARP
x Canc. VAD P G.711 Unit Unit
Linear . ctrl
unit PCM (g (RTP)
G.725 Delay, jitter, .
Tone G.720A Lost Ethernet driver
generator| [+ G.729E packets
Voice processing compensat Netw. interface prot.
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IP telefon — IskraTel IP10S
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Video | %21 /M Detach |
CounterPath k ﬁ
is advancing
the softphone

again.

© Not Sending Yideo | Start |

View Contacts Actions

@ "Available ~

% @
& Friends
& Home

Luka Zebec
& Work

COUNTE RPATH

AC_ DND
=

Calls & Contacts | Detach |

o a Always Available

(4 Contacts v E
= O
Q X S
Name & 8

75, w
. Friends E
) becky [1:
Home Q
Work @

m

=

3

o

@

[
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