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Abstract

From the early Walkie-Talkies, to the recent Push to Talk over Cellular (PoC), it
has been a long history where the PTT (Push to Talk) technology is applied. Although
Walkie-Talkies have been used in military operations in decades, many countries are
recently devoted to the Mission Critical Push-to-Talk (MCPTT) technology, which
applies PTT to improve the performance of public safety communication for first
responders. Because PTT is based on voice over IP (VoIP) technologies, the
performance, security, and mobility of PTT are also of great concerns to researchers
and manufacturers.

This paper proposed a design and implementation of a PTT system, using the SIP
(Session Initiation Protocol) and TBCP (Talk Burst Control Protocol) to transport
signaling and using GLM (Group List Management) and 3PCC (Third Party Call
Control) protocol to create/manage multicast groups. Additionally, in contrast to
commercial PoC systems, this paper fully utilizes a subtle design in the SIP protocol
and the IPv6 multicast feature, which allows users to send audio data without going
through the PTT server, which was the major factor of transmission delay. In summary,

this paper provides a more efficient PTT system.

Keywords: 3PCC, GLM, IPv6, Multicast, PTT(Push-to-Talk), SIP, TBCP, VoIP
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Bl = ~3PCC Flow I
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2R v pEH

AP o g p RPN F LS T B2 SIP R E ~ TBCP AR 2

—\\}

IPV6 5 Hie (7w ff 1 DA T A HH T 2 B4 K- BATSHPTT 245

\:‘;ﬁ_‘pg o

i

- & BLYELZ T3 @ﬁfl(Point to Point Audio Streaming)
Akshai Parthasarathy #[14]¢ %3] > §* SIP ®IREieE £ ¥4 > A & f0*
Tﬁ@ﬁ?jﬁ T(RIP)E-HEBEFZF TN - HEZE T AaHh2? 35 Fadit
s 30 SIP RIRE R £ il REEE TR R S R e
25 AL EEP BFenSIP FIRE « 4 B A 7088 it 4 ARF 5+ » TR PR
i

BAFA . P F RGN AT BEY > T UBPERIRE L

F_*

1

FOTRIRE ST S STANERE R AR 0 S OR AL

$- 8 53 PTT

Jen, Chien-Maw £ [15]4% 21 7 1% 5 4 % p¥ @ #1422 SIP 2 L PTT § it >
SIP FpR B et A Lk = g3t 0 @ PoC RIRER T s EREHS | F AR R

3 ¥ 2 % 5 (Group List) o 7X@ H PoC IR B * ?%?’PB?@%?]T% THELL S

s

e ",% T E P RO E 2 5 (Client) kiR ID(Source ID) » 5§ A o b FE

BB ek PIRE S SRR o P U R L P o AR

‘*—3

Sy H2Efp4e i3 ec > TBCP 3 4 @ifid * SIP @iz iy * = "3 & @

RARRA P2 FEEE R PIRE > E4&d PR R .
%= & 534 ¥ 2 (Multicast Address Group)
HaiYan Liu ~ Ying Li #2 YunFeng Zhang #%[16]7 #% 1! 7 7 I IPv6 % 4§38 3 iE

12
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= %

#2 > & 3% IPv6 9 socket option » 11 % 4rfriE * socket 2 i Tl s AF ke 4 %
THJZ D2 IPve 453 02 0 3 SRR K Lo

BELFEF-F2ZPF 0 AEHY OMA 17 Fd > A a* 2 1

1

BF ¢ GLM PIRE ~SIP PIRE ~ TBCP PR B (T FM A E 4 B 85
M P AAEH AR He ] BB LR T RER] FEHE 0 5 2R
B ERT R AR S ¢ R SR P AR DR S

Peate ST LAH SR T) - $2 0 AEFY 0L B FRAL B

(7

Pt BB BRHEREEGES L TBCP RIRE Y SIP RIRE iz £ A4

25 4RIPVE > H 0T - 2 f S
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¥ = & Multicast Push to Talk % 3t

Rt -F 28 HHR A FHF L 0 A5 ¥ 34 i Multicast Push to Talk (MPTT)
gk A A SIP Hre 5 g IEary % 2 NIZehd R iCke > TBCP ficlefd s ¢ 2%
FROR e > GIM e i § B¥E e aficle > #5 IPv6 F 4 n R4 o & i o

3iﬂ,\“—ﬁS@IPV6 %%"I%) m@x—‘f—‘/‘ "EIP\ T

PRI A E - - A 5

Fa™ o R ™ o 0T A & BT MPTT i b smi PR 8 L e
2 fg it o
% % F
- & SRR

B~ 917 5 MPTT &% .?f@ﬁ;g%] v T Iy E -

i\4

Ri} 5% 2 L IE(UA)

% = 805> % SIP $i-%2(SIP Module) > % = #%i» 3 GLM #- = (GLM Module) >

20§ TBCP #i- 2 (TBCP Module) -
PTT server
GLM Module
SIP Signaling Transaction "= ;Brgﬁnmﬁgr:g:ction
Group Managerment . g " ?
oor Contro
3PCC - Make Call
SIP siP
SIP Module

SIP Signaling Proxy
SIP Member Information

SIP / \

SIP
UA1 UA2
SIP Signaling Transaction SIP Signaling Transaction
Create group < RIP > Create group
Push to talk Push to talk

i

& MPTT & 3? > 3 - S PIT WRE > Ao 3 = BHce > A% 5 SIP fice -

GLM #% ~ TBCP #-ke » e 2 e 2 AF £ 353 SIP 17 4 G » firlegr = (&
2 e SFESIPH L  FHeEhH T RESEANL oA * 2 R@ER 2
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RIL2 R g @R % SHRTP #7354 (Audio Data) -
o8 ARy

# = #71 & MPTT &0k 3u# v % o SIP 2 e0# 5o 3 SIP Signaling Proxy °
g 7 SIP 7 4 (Signaling)# i - SIP Member Information § # * = fRIZip o * =
32 2_ ¥ ' ¢ 72 Group Management P| £3% & GLM #ce » ¥ ¥ d GLM e s
fed i IPv6 F 4% mnt e * @ 12> ¥ b GLM #icle» § § 3PCC - Make Call
ﬁﬁﬁ’ﬁ%ﬁ%ﬁ?ﬁﬁ%ﬁﬁoaiﬁﬁﬁﬁiﬁﬁ"MEﬁTMPﬁ
% Floor Control # it & £ ¥ % =4 (Floor) » % %u? ¢h& B &2 > 4 Hh E_PIRE
* o= 32 s ¥Ry SIP Signaling Transaction €034 &y > % R jzi% SIP 7 £ o & 48 > *
2 RILf &R * 5 # Create Group 2 2 Push to Talk 0 & » # ¢ Pushto

Talk # dc» @ 77 BiE* Ao

%, +
E I % S T

_ ThEs g i

- SIP Signaling Proxy REmE SIP Ha
SIP Member Information #AEMA SIP T4 F4
GLMS 3PCC - Make Call EHEELLEEme TA
Group Managerment HFa¥F ok IPv6 Multicast Address sj453%
TBCP Floor Control Er e EHaFEHE
ALL SIP Signaling Transaction Wi SIP Signaling
UA Create group HEIBEIZHBEABLE
Push to talk WAMEREHE T o - EFEAERE

gtk RERIEET TPV R R T R ER L iz o IPV6 i 5 B A
B 3 B+ T(Neighbor Discovery Protocol, NDP) 14 2 &}k it > ht p #52% T (Stateless
Address Auto-configuration)z_ p # ¥_ht (Auto-Configuration) i |4 » & & # —‘ﬁ * R
TER A P SR T G R R E o L EAMLH Y ER IPVO T

LR RENR T .

15

doi:10.6837/ncnu202000205



=& SIP#E
tohf2 MPTT s - 457 SIP IR B4 - 29 F 14 112 SIP % fidp
oo 2 RIZF % SIP #ie i (Register) o H & § % & IR & e k3T PR OR
%46 SIP foe ka2 SIP 2 4 > SIP Wi s b fded 3 v #5d * # RmenE

o
¥z & GLM B

Ao iz Y o GLM RIRE & OMA #1ik d1 eh PoC % 15 L fic?
fFoo® 4 MPTT £.d * # x324]* SIP Message[17]i% 1% £ H > & § GLM &
R HE o fRHFEE LE G A XML ST 2 IPV6 i bEe
B L Ep i * K4 » FE(3PCC) @ Zdhe OMA Ei5:§ HTTP @i
R S - £
%I & TBCP# &

AE#H 2 OMA #t4k Mz TBCPF (FFH 4 % 2 Fb » iw P {RIZ 4 HA4p e e o
OMA # 12 TBCP % % & 4|* RTCP 7 APP @ i# » @ & MPTT Jk sL@ #* = X3¢
EA1* SIP Message & TBCP Ha s Ji 34 &k 7 3] - o Nl
XML > 426 chFR ¢ 5 IPv6 % 3=t » 1}{%1 w1 ID > 2 E @& * K SIP
URI > 3% TBCP H-imic if ¥ 4rid o vRip 3w adwi- @i ¥ Jﬁ orif e

i P of4r b iR L 4 (Priority)shFs i o

28 B4R
MPTT 3 %|** VoIP #jis » "f FI#* SIP 5 2 ¢ e RIREBILE * 2 (K32
s EF ok OMA 22 PoC #4] > { 2 €& P E % 7 IPv6 5 3-89 R

B4 5 2%t g T k2 MPTT 5 4 inde > B Y ¥ s L BIg
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B 4w Gozrp (Register)ff B~ 3 423 ‘e (Invite) ~ B~ 18 3 3% 48 (Floor)F# £ ~ #-4

(Audio) % # ~ % & % = (Release) ! % B~jj 3 2 (Bye) » R % 4 /2™ %% B

L 5
PTT .
UA2 UA3 SIP
Server ——* RTP
= Multicast
Register SIP Register
Inyite SIP Invite
I;r(;q"_D_'I_F F:l Itton | | |
Eloor SIP : TBCP Request
[ [ [ [
Audio RTP

Release Release PTT Button

SIP : TBCP Release

Bye - _Ll_ea_\fe_‘l | | |
SIP BYE

B 1 MPTT & £ 4z

— SIP

UA2 UA3 ——— RIP

———p Multicast

(UA1)SIP REGISTER SIP REGISTER
| (UA3)SIP REGISTER
Register (UA2)SIP 200 OK
+{UAL)SIP 200 0K (UA3)sIP[200 OK
1 SIP Message(Member name)
(UAL)SIP INVITE (UA2)SIP INVITE
Invite AL 0ok (UA)SIP INVITE
(UA2)SIP 200 OK
[UA1)SIP ACK (UA2)SIP ACK
(UAZ)SIP ACK

SIP Message(Floor Taken)

RTP:multi media

SIP|Message(Floor Release),
SIP Message(Floor Idle

(UA1)SIP BYE
(UA1)SIP 200 OK

B - ~ MPTT 2 £ i 4235 4m)

17
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Step 1 (Register): 7 & > @& * F ¢ & 730 > Flyt % = R(UAL)F & » SIP @
JRE 5 i REGISTER i £ » & SIP #JR B % fib 200 OK &3t & 15 » B & 5 4 »
MPTT # &=

Step 2 (Invite): 3 = 55 {5 » & * —'ﬁ? B f?ﬂi%]% AR LE PTG UAL ¢
4 i%iF SIP Message 3% = f % H (Member list) » PTT PR Bz 4 f & H {5 >
GLM #-%& ¢ A~ fe— IPV6 % 4 int o I % GLM fic e e 3PCC-Make Call
il LH PR K 4 F F IPV6 54k 150 SDP 2 SIP INVITE » % 2 3%
S % RIE S B ey o F 7 ¢ ATy F] INVITE » ¢ st IPv6 5 461
Ao T AW B 2000K 218 0 A7 2 IR e L G PE R o

Step 3 (Floor): B~ 134 3£ > § & % F 3T TR depr > g 417
SIP Message 3t ¢ » # TBCP Request "2 %2 IPv6 % 3% =kt & F % Content * % i¥
BPTT WIRE o & PTT @IREfc T 42 p& > TBCPH2 ¢ 1% Jc 3 IPv6 5 4 1=
Bk R 0 A E(Floo) F F A Y c &AL % > TBCP ) & v
i¥ TBCP Granted it 4, 503t ¢ % UAL » & # TBCP Taken 7 SIP Message #f ¢ 4 &
BN Srf % # ST o UAL {3 TBCP Granted 15 » 4 4t 838 5 F 2 Bl % 5 38 o

Step 4 (Audio): 3 $3ElF £ 0 & % H W I AR > UAL ¢ 1% © fwend fpi

SRR K BT S RFE RSN i S (4 R

’ ijﬁl

=

iz B IPve F 3 imnben® = (8g@) » &% = (Rg@ g 2% - A T

ml4

ST Ha A | R
Step 5 (Release): 4 i * % e s #7648 % & > UAL ¢ @ 1% TBCP Release
7R e IPV6 § # kb4 PTT @IRE o @ TBCP ik & 4% IPv6 % 4 =4k
# TBCPIdle 03 4 5@ p B % & (N7 o R ABEERM ARG AR * o
Step 6 (Bye): & fé » By e rF b > UAL 7 L EZ R4 4o r e o &
# 4 BYE f £ 215 » GLM i § 4 &8 UAL 2 = 5§ 3 » 52 X5 A2 UAL
MRS Hu e N R v R
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2001:DB8:409:1::8

PTT Server

Alice Denny Edgar
2001:DB8:409:1::a 2001:DB8:409:3::d 2001:DB8:409:1::e
B -~ R TR

ANSre e i BT RSB ALF FomE o B - 5 R

EHW o AP FEEY 0 F - 5 PTT @RES 7+ - §4742 SIP~GLM -

TBCP = B » 2 = Big —‘ﬁ » & W] % Alice ~ Denny 2 2 Edgar » #PRE F =
B> AR Kenw S REIEd CHETHER RS L7 PISIP AR S
SR VB ZET T MXML k3 g » &igd2R@E* 7 IPve % o« Hv9 )32
PJSIP # & 3 IPv6 Multicast[18] » #7120 :z— 8> p ¥ 8 & 4 » 7 PJSIP Library -
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He B @Fui i d > § P izg i Multicast Address PF » Hop Limit g% % 1 »

Fl#t Bt IPv6 Multicast P » Socket Option IPV6 MULTICAST HOPS () - % & f
k¥ F P Multicast 3¢ ¥ € ffe — B % f(subnet)® Bix o A Bl - 5 F (Fen
FRIER > e B €7 9 B router 75 = B subnet(+ i) > Alice ~ Edgar
% PTT Server $% & — # subnet(2001:db8:409:1::1/64) - IPv6 address 4 %] &

2001:db8:409:1::a ~ 2001:db8:409:1::¢  ¥2 2001:db8:409:1::8 » @& Denny Rl

2!]01:db8:409:2::1 2001:dh8:409:2::2

2001:db8:409:1::1 ‘ 2001:db8&:409:3::1

2001:db&:409:3::d -

2001:db8:409:1::a 2001:db8:409:1::e 2001:db8:409:1::8 2001:db8:409:3::d
B L= ~F T RERIAER

M iRRAZ AR B R - AT KA R TESAR
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Register = ik F % %) Server i 4TiEM SIP : % 74 SIP Signaling
Invite Denny 3 3 248 GIM : W #]3% 3 8f 48 Message
(Member : Edgar and Alice) 3t 3% BiE L B B
Floor Denny#i T #4818 2455 TBCP : J¢ #] Floor Request
Audio 1. Denny 44 2| Floor Granted Ff 45453
2. &% Edgar i Alice 49 Wireshark
Release Denny & % %535 TBCP : 4 #] Floor Release
Floor Edgar8 & 453
Bye Denny ## fi] 8% 48 SIP : % 7 SIP Signaling

¥ — & Register
Az i —‘ﬁ ¢ w PTT @R FE e SIP ficeig (7310 > 4Bl = 5 Alice 0
& * "Fﬁ‘ H o 0 7t SIP firke ch Wireshark S 6 7 g 1 ¢ 5 kp = imig * ﬁ e
SIP Register » 4@ - = 5 k p 2001:db8:409:1::a(Alice) ~ 2001:db&:409:1::e(Edgar)

122 2001:db8:409:3::d(Denny) 7 SIP 4+ » 14 % d SIP -l #7w & 7200 OK o

Alice > ./ptt
AEElaafl G os_core_unix.c !pjlib 2.9 for POSIX initialized
159:31.081 sip_endpoint.c .Creating endpoint instance...
:59:31.081 pjlib .select() I/0 Queue created (0x55755ac63c60)
159:31.081 sip_endpoint.c .Module "mod-msg-print" registered

159:31.081 sip_transport.c .Transport manager created.

:59:31.081 pjsua_core.c .PJSUA state changed: NULL --> CREATED
egistration Finished!

ress 'h' to hangup all calls, 'm' to make call, 'q' to quit

Bl Lz Fap e b

*enp1s0 A60
File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help
=7 WE == [N
‘ @ x CI q = = = 1 Y | |= G)\ Q a F=S
HE | Expression...  *

No. Time Source Destination Protocol Lengtt Info

31 B4.535086532  2001:dn8:489:1:: 2001:0b8:409:1::8  SIP 582 Request: REGISTER sip:[201:db8:489:1::8] (1 binding) |

32 84535380915  2001:dn8:4e9:1: 2001:0b8:409:1:8 SIP 557 Status: 200 0K (1 binding) |

41 93.340625261 2061:db8:469:3::d  2001:0b8:409:1::8  SIP 532 Request: REGISTER sip:[2001:db8:409:1::8] (1 binding) |
| 42 93,340904238  2001:d08:409:1:: 2001:008:409:3::d 626 Status: 200 0K (2 bindings
B
g

49 98.010415267 2001:db8:409:1:: 2001:dh3:409:1::
56 96.019692703 2001:dn8:489:1:: 2001:dh3:409:1::

SIP 582 Request: REGISTER sip:[201:db8:489:1::8] (1 binding) |
5IP 557 Status: 200 0K (1 binding) |

Bl -+ = ~ SIP Module jc ] = =i * —‘ﬁ Register(Wireshark)

o m B o oo
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% = & Invite
3= Alice 2 = ¥ 2 (Fy » m) » & @ PTT @3k B e GLM e § fe51 % § Alice
i * ¥ t ¥ > GLM B e if § 4pi%(assign) & ¥ 2~ B IPv6 Multicast Address -
B+ 7 o0 T 5 #H e 0 IPve Multicast Address ff08::10 2 % = R % H (SIP URI) -
FF iz GLM e € 195z 3] chig * FI LH ke ixié FI R e A
* Fhg g oo deBl- 2 5 Alice chdid 0 € F Incoming Call * £ R 4G RHiE

Foo = i X g#&\m (%)\ a) » rBlL = o pLPEEZ (g ow X jI‘J»:H'S-Qv,)\ Kz

0s_core unix.c !pjlib 2.9-svn for POSIX initialized
sip endpoint.c .Creating endpoint instance...
pjlib .select() I/0 Queue created (6x55d91fh74576)
sip endpoint.c .Module "mod-msq-print" registered
sip_transport.c .Transport manager created.
pjsua core.c .PISUA state changed: NULL --> CREATED
GLMS Server Start!

group id:ffeq::18
member:sip:alice@[2001:dba:469:1::8]:5068
sip:denny@[2001:db8:409:1::8]:5060
sip:edgar@[2001:db8:489:1::8]:5060

Make call
B + 7 ~ GLM Module % &

22
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os_core_unix.c !pjlib 2.9 for POSIX initialized
sip_endpoint.c .Creating endpoint instance...
pjlib .select() I/0 Queue created (0x55dfe7d83c60)
sip_endpoint.c .Module "mod-msg-print" registered
sip_transport.c .Transport manager created.
pjsua core.c .PJSUA state changed: NULL --= CREATED

Registration Finished!

Press 'h' to hangup all calls, 'm' to make call, 'q' to quit
m

Enter name you want to invite, e.g. nicole alice denny

denny edgar

Incoming call from <sip:glms@[2001:db8:409:1::8]>!!

Press 'a' to answer the calls,'h' to hangup all calls

=

DI R Rk

./ptt
74 os_core_unix.c !pjlib 2.9 for POSIX initialized
.67 sip_endpoint.c .Creating endpoint instance...
.67 pjlib .select() I/O Queue created (0x55dfe7d83c60)
.67 sip_endpoint.c .Module "mod-msg-print" registered
.67 sip_transport.c .Transport manager created.
.676 pjsua_core.c .PJSUA state changed: NULL --> CREATED
Registration Finished!

Press 'h' to hangup all calls, 'm' to make call, 'q' to quit
m

Enter name you want to invite, e.g. nicole alice denny
denny edgar

Incoming call from <sip:glms@[2001:db8:409:1::8]>!!
Press 'a' to answer the calls,'h' to hangup all calls
E]

You don't have floor!

Press 's' to get the floor,'e' to release the floor

Bl =~ R adkAeT R
% = & Floor
s s 0 Alice B (TH 0 4TI E Alice 87T R s § i
1t TBCP Request % PTT @R % 53 TBCP Module > #7141 2% iF* ¥ 12 & TBCP Module

Begd e b —FI Il &k p ¥ & ff08::10 = Alice #¥ 1 7 — B TBCP Request » i *

TBCP Module * & 7 TBCP Granted > 4B+ ~ » #7105 iz Alice ,T*LE‘E BB he 3y s

7 o
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23:36:53.999
23:36:54.000
23:36:54.000
23:36:54.000
23:36:54.000
23:36:54.000

. /thcps

BCP Server Start!

Press

'h' to hangup all calls,

05_core_unix.c
sip_endpoint.c

pjlib
sip_endpoint.c

sip_transport.c

pjsua_core.c

Request from group ID ffe8::10
member <sip:alice@[2001:db8:469:1::8]>

loor Granted

T Alice B 4% 3=

RTP #f+# d
v~ 7

File

A =

Edit View Go

2001:db8:409:1::a(Alice) i

TRFE R

Capture Analyze Statistics

EERE R

Eﬂ L N

Frrl g ARA T Alice B 4 ¢

s 3\ TJ?B -

'pjlib 2.9-svn for POSIX initialized
.Creating endpoint instance...
.select() I/0 Queue created (8x559bc12fd570)

.Module "mod-msg-print"

.Transport manager created.
.PJSUA state changed: NULL --> CREATED

'q' to quit

%z & Audio

11 j¥_Denny ¢ Wireshark % &

Telephony Wireless

Y

Tools Help

Q Qe E

registered

i# 7| ff08::10 > 4rB]-+ 4 » @ Edgar %]

TBCP Module - TBCP Request & Granted

FERD GRS
=

de@lz L oo

-] Expressic

-

vy

File Edit View Go

P ——

Adm ® i RE Q&= =

[WTApply a display f

No. Time Source Destination
5483 2705.2654839.. 2001:db8: RTP
5484 7705.2663027.. 2001:db: RTP
5485 2705.2854877.. 2001:db8: RTP
5486 2705.3061718.. 2081:dbg: RTP
5487 2705.3266972.. 2001:db8: RTP
5488 7705.3456945.. 2001:dbg: RTP
5489 2705.3470474.. 2001:db8: RTP
5490 2705.3676556.. 2081:db8: RTP
5491 2705.3776150.. 2001:db8: RTP
5497 7765.3983495.. 2061:dbg: RTP
5493 2705.4188747.. 2001:db8: RTP
5494 7705.4392620.. 2001:dbg: RTP
5495 27085.4596735.. 2001:db8: RTP
5496 7705.4799934.. 2081:dbg: RTP
5497 2705.5005499.. 2001:db8: RTP
5498 2705.5209642.. 2001:db8: RTP
Frame 599: 84 bytes

vvvvw

Frame 881: 629 bytes on wire

Internet Proteocol Version 6,
User Datagram Protocol, Src Purt
Session Initiation Protocol (MESSAGE)

Ethernet II, Src: AsustekC_0f:bd:37 (40
Internet Protocol Version 6, Src: 2001:
User Datagram Protocol, Src Port: 4000, Dst Port: 4000
Real-Time Transport Protocol

5@80 Dst Port 5060

B + 4 -~ Denny Jz]i¥ %

Bl =

Capture Analyze Statistics Telephony Wireless Tools Help

144

84
144
144
144

84
144
144
144
144
144
144
144
144
144
144

, Dst: 2001 db8: A

Y

*enp2s0 (udp)

Pratocol |Lengtt Info

PT=speex, SSRC=0x2DE4BE6S,
PT=speex, SSRC=0xT8B4E3FS,
PT=speex, SSRC=0x2DE4BEG6S,
PT=speex, SSRC=0x2DE4BEGS,
PT=speex, SSRC=0x2DE4BE6S,
PT=speex, SSRC=0x7C612574,
PT=speex, SSRC=0x2DE4BE6S,
PT=speex, SSRC=0x2DE4BEGE,
PT=speex, SSRC=0x2DE4BE6S,
PT=speex, SSRC=0x2DE4BEGE,
PT=speex, SSRC=0x2DE4BE6S,
PT=speex, SSRC=0x2DE4BEGE,
PT=speex, SSRC=0x2DE4BE6S,
PT=speex, SSRC=0x2DE4BEGE,

PT=speex, SSRC=0x2DE4BE6S,
PT=speex, SSRC=0x2DE4BE6S,

on wire (672 bits), 84 ny(es captureu (672 bits) on interface 8
Te P\ISmcast 10 (33:33:00:00:00:10)

24

ff08::10

Seq=18425,
Seq=22463,
Seq=18426,
Seq=18427,
Seq=18428,

1 RTP 4t ¢

Time=472640
Time=587520, Mark
Time=472960
Time=473280
Time=473600

Seq=115, Time=547840, Mark

Seq=18429,
Seq=18430,
Seq=18431,
Seq=18432,
Seq=18433,
Seq=18434,
Seq=18435,
Seq=18436,
Seq=18437,
Seq=18438,

Time=473928
Time=474240
Time=474560
Time=474880
Time=475200
Time=475520
Time=475840
Time=476160
Time=476480
Time=476800

-+ ~ Edgar 4z 7] :% % ff08::10 7 RTP 3t #

play filter <Ctrl-/=
Time Source Destination Protocol Length Info
181 22.412053030 2001:db8: upp 144 4000 -~ 4000
182 22.433371500 2001:db8: upp 144 4000 - 4000
183 22.452814653 2001:db8: upp 144 4000 - 4000
184 22.473755047 2001:db8: uppP 144 4000 -~ 4000
185 22.494294669 2001:db3: upp 144 4000 - 4000
186 22.514807774 2001:db8: upp 144 4000 - 4000
187 22.535247101 2001:db8: upP 144 4008 - 4000
188 22.555846168 2061:db8: uoP 144 4008 - 4000
189 22.576238679 2001:db8: upP 144 4000 - 4000
19 22.597010102 2001:db8: upp 144 4000 - 4000
191 22.617464546 2001:db8: upp 144 4000 - 4000
192 22.637982743 2001:db3: uppP 144 4000 -~ 4000
193 22.658346689 2001:db3: upp 144 4000 - 4000
194 22.679272356 2001:db8: upp 144 4000 - 4000
195 22.680096719 2001:db8: upP 84 4000 ~ 4000
196 22.699286338 2061:db8: upp 144 4008 - 4000
197 22.719991176 2001:db8: upP 144 4000 — 4000 Len=82

-] Expression... +
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% I & Release
Alice # =% R FF > 77T e K IFEHE > s A UA € » PTT RIRE
TBCP Module i# } TBCP Release » #7124 24 i ¥ 12 . TBCP Module #2203 & * 5
Ik p 2 2 ff08::10 57 Alice i¥ 1 7 — i TBCP Release » 4Bl = L+ — o #rriiapFiz

Alice r L3 g £ F LT 0 APV 12 & _Denny 7 Wireshark & &+ iF iJ F] I 4Bl =

4= o RBRE G 2| RTP 4t » e £4fe ~ -] % 84 bytes > payload & 7 (e %

B3 4144 bytes) > iz H - B & P 9B alive g 4, > ¥ LA gt o

Fog AR A B AINEAEE o

P3:36:53.999 os_core_unix.c !pjlib 2.9-svn for POSIX initialized
P3:36:54.000 sip_endpoint.c .Creating endpoint instance...

3:36:54.000 pjlib .select() I/0 Queue created (8x559bc12fd570)
P3:36:54.000 sip_endpoint.c .Module "mod-msg-print" registered
P3:36:54.000 sip_transport.c .Transport manager created.

P3:36:54.000 pjsua_core.c .PJSUA state changed: NULL --> CREATED

BCP Server Start!

Press '"h' to hangup all calls, 'q' to quit
Request from group ID ffO8::10

member <sip:alice@[2001:db8:409:1::8]>
loor Granted

Release from group ID ffO8::10

member <sip:alice@[2001:dbB8:409:1::8]>

B - + - ~ TBCP Module - TBCP Release

*enp2s0f0 (udp) —

File Edit View Go Capture Analyze Statistics Telephony ireless Tools Help
a emMERE [ == sEEaaaE

|; I Jisplay filt )= '1 Expression...

wi
L

No. Time Source Destination Protocol Lengtt Info
594 97.805679285 2681 13 re8::16 RTP 84 PT=speex, SSRC=0x41089BB, Seq=10783, Time=1011528, Mark
595 97.195790476 2001: f08::10 RTP 84 PT=speex, SSRC=0x2A474A68, Seq=9137, Time=977328, Mark
596 97.356788548 2681 fe8::16 RTP 84 PT=speex, SSRC=0x11E93F58, Seq=3098, Time=1045128, Mark
597 97.433460058 2001: f08::10 RTP 84 PT=speex, SSRC=0x41089BB, Seq=10784, Time=1018248, Mark
598 97.612676874 2081 fe8::16 RTP 84 PT=speex, SSRC=0x2A474A68, Seq=9138, Time=984648, Mark
599 97.775184384 2001: f08::10 RTP 84 PT=speex, SSRC=0x11E93F58, Seq=3099, Time=1051848, Mark
600 97.854547276 2681 fe8::16 RTP 84 PT=speex, SSRC=0x41089BB, Seq=10785, Time=1024960, Mark
601 98.833868309 2001: f08::10 RTP PT=speex, SSRC=0x2A474A68, S5eq=9139, Time=891368, Mark

602 98.200799812 20661 ffe8::16 RTP =speex, SSRC=0x11E93F58, Seq=3186, Time=1058568, Mark

603 98.270883216 2001: f08::10 RTP speex, SSRC=0x41089BB, Seq=10706, Time=1031680, Mark

604 98.454667145 20061: ffe8::10 RTP 84 PT=speex, SSRC=0x2A474A68, Seq=9140, Time=998080, Mark

605 98.619604152 2001: f08::10 RTP 84 PT=speex, SSRC=0x11E93F58, Seq=3181, Time=1065280, Mark -
606 98.885824401 2061: ffe8::10 RTP 84 PT=speex, SSRC=0x41089BB, Seq=10707, Time=1038480, Mark

607 98.872702006 2001: f08::10 RTP 84 PT=speex, SSRC=0x2A474A68, Seq=9141, Time=1004800, Mark

608 99.837653045 2001: ffe8::10 RTP 84 PT=speex, SSRC=0x11E93F58, Seq=3102, Time=1072000, Mark

609 99.1160293971 2001: f08::10 RTP 84 PT=speex, SSRC=0x41089BB, Seq=10788, Time=1045120, Mark

610 99.293793331 2061: ffe8::10 RTP 84 PT=speex, SSRC=0x2A474A68, Seq=9142, Time=1011520, Mark

Frame 517: 142 bytes on wire (1136 bits), 142 bytes captured (1136 bits) on interface 8
Ethernet II, Src: CompalIn_09:24:7@ (b8:88:e3:09:24:70), Dst: IPvémcast_10 (33:33:00:00:00:10)
Internet Protocol Version 6, Src: 2001:db8:489:3::d, Dst: ff@8::10

User Datagram Protocol, Src Port: 4001, Dst Port: 4601

Real-time Transport Control Protocol (Sender Report)

Real-time Transport Control Protocol (Source description)

yvvvwy

Bl = - = -~ Denny jz 3| 3% 4 ff08::10 =7 RTP alive 3t #
% = & BYE

% Alice BLZ 3R+ 2 > ¢ » PTT #JR % 5 SIP module i¥ 4! SIP BYE #f¢ -

de@Bl L= o APE g 3k p 2001:db8:409:1::a(Alice)s SIP 3 & » & & &2

~ml

25
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+ o, 2 >t
GLM Module £ = e € &
131 96.254322852 20@1:db3:4@9:1::a 2881:db8:4@89:1::8 SIP 511 Request: BYE sip:glms{@[2601:D65:489:1:8:6:8:8]:5088;0b |
5IP

134 96.254933594 2881:db3:489:1::

) ——
¥ =
Alice B ¥ 015 » ¥ 7 §

2601:db8:489:1::a

449 Status: 208 OK |

= ~ SIP Module 4z 3] Alice 53 SIP BYE

Floor from Denny

'

el

i3

A EE

BHT » 3L Denny 1 e

&

¥ & Bdgar ¢ Wireshark % & 7 #.5 14 2001:db8:409:3::d(Denny) & i* 3|

ff08::10 ¥ 2 e RTP 3¢5 » 4ol -2 » I ® i iE 7 3 2001:db8:409:1::e(Edgar)

’,

LB

1 alive i‘j‘é’ c éi;,ﬁ -

M cdgarpeapng

2001:db8:409:1::a(Alice):rr alive 3}

- X
File Edit View Go Capture Analyze Statistics Telephony Wireless Tools Help
Admi® R &= = aqen
(W] [X] ~] Expression...  +
No. Time Source Destination Protocol  Lengt Info -
295 47.6@86752058 20@1:db8 d RTP SSRC=Bx5995F(B4, Seq=11173, Time=238728
296 47.626314222 2001:db8 d RTP SSRC=Bx5995F(B4, Seq=11174, Tis
297 47.645802212 2001:db8 d RTP SSRC=Bx5995F(B4, Seq=11175, Tis
298 47.665218675 20@1:db8 d RTP SSRC=Bx5995F(B4, Seq=11176, Tis
299 47.684637807 2001:db8: «d RTP SSRC=x5995FCB4, Seq=11177, Ti
300 47.704159639 2001:db8: d RTP SSRC=Ex5995FCB4, Seq=11178, Ti
301 47.722937485 2001:dba: d RTP SSRC=Gx5995FCB4, Seq=11179, Ti
302 47.742427500 2001:dba: d RTP SSRC=Gx5995FCB4, Seq=11180, Ti
303 47.761149211 2001:dba: d RTP SSRC=GX5095FCE4, Seq=11181, Ti
304 47,750334605 2001 :dba; d RIP. SSRC-0x5995FCB4, Seq=111532, Tine=233600
35 47.781564531 2001 :dba: e RTP —speex, SSRC-BXIABDSECA, Seq-13905, Time=205120, Mark ]
366 47.509466012 2001 :dba: ] RTP cex, SSRC-BX5905FCB4, Seq-11183, Til
387 47.828830429 2001:db3: d RTP eex, SSRC=@x5995FCB4, Seq=11184, Ti
388 47.847512949 2001:db3: d ffes::1@ RTP 144 PT=speex, SSRC=8x5995F(B4, Seq=11185, Time=23456@ v
Frame 16: 144 bytes on wire (1152 bits), 144 bytes captured (1152 bits) on interface ©
Ethernet II, Src: AsustekC_0f:bd:37 (49:16:7e:0f:bd:37), Dst: IPvémcast_10 (33:33:00:00:00:19)
Internet Protocol Version 6, Src: 2001:db8:409:1::a, Dst: ffe8::10
User Datagram Protocel, Src Port: 4600, Dst Port: 4000
Real-Time Transport Protocol

)

-+ » - Edgar 4z ¥

26
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$2F ARBLAFEVR
Zw 74 OMA #& 412 PoC 42 & e ¥ #0122 MPTT i Su2E et i

FooomFmii AR R bz B &S HP Fe A g3 AL BT

% = ~ OMA PoC £ MPTT ** ##

OMA PoC (p.10) MPTT(p.17)

3% F PoC izda A HH2F g B A Fhr@cEa s AR uzie

18 A ik EGh d Serverix H ¥ 3F
RTCP 1% :%£ TBCP Floor SIP {#:% Floor
TBCP Floor % Unicast {§3i% Floor % Multicast 1§ i
RTP % Unicast {#i% RTP A Multicast {#i%
RTP 78 #&:% Server RTP R § 48 % Server
3 3B 40 0 1 A & BB AR 4 AR 1% F & B PR B 40 30 R R S AF an 1B AR
BF AR AL

¥-& Er#phd N

OMA %457 » dofl= + 7 » LT Rbefs - 4 Bhodbs {4 r oz
FRs

PressPo(
Button

SIP INVITE
SIP INVITE SIP INVITE

SIP INVITE

SIP 200 OK

RTCP:TBQP Floor Taken

Bl = + 7 ~ OMA PoC Invite
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A MPTT s std > 4oBl= + = 0 5% Al » 42 2 Hied B o R
O TR R £ D %E,T*usb BYHEE I ZEFGFREU R

FoORORTRERTREFORET

PTT

Bl = + = ~ MPTT Invite

oo gy S

OMA %47 > 4ef]l= 7 > £d % = %3 g 5 PTT PIR B3 5
Hi#* 2@, sgf;ﬁ‘— i —'F'?‘FK%Q;@ SIP INVITE ~ 200 OK 2 2 ACK T
PR PIREEE > AT B A B : n FF o Invite -)155‘?“%% 3t @ #ies 6(n-1) o
TEHRE AL 3 E e Bis 120 0 A MPTT 3¢ s> de@l- L= o —Fjetd %
* '?—,"g & A e 8 o SIP Message & PTT @ PR E » PTT PR E ¥ 0 GLM
Module e F|# o & 8 15 § 3% diagi- 9t * 2 NI 2 3 R 06 PR B b
a5 Al E e A Bci n PF o Invite ‘}4}5}?54’% gite Bics 3ntl o 1 A - BAsE den
SIP Message * % ¥ A i 3 #1F 4F& #Ks 10

¥ = & 3% Floor #% 2_

OMA #14£¢ » 4cl= - = » % RTCP 7 APP 4t ¢ % # TBCP Floor it &

(5
=
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Press Po(

SIP INVITE
Button SIP INVITE
SIPINVITE

SIP INVITE

SIP 200 OK

S|P 200 QK

RTCP:TB{PFloor Taken

B - + - -~ OMA PoC Floor

@ & MPTT % 5t® > 4e@l= -~ > 41 * SIP Message #:% Floor 3t & - d
** TBCP &_5 £ (Signaling)3t & > @ RTCP 5 2 k34 f 38 QoS> & ¥ 1

#2. T > SIP L if & i TBCP £ £ » & 1t fsi— o

A I UA2 I UA3
Server

SIP Message(Floor Taken)

B = + ~ ~ MPTT Floor

% = & Floor 3 Unicast /Mulitcast
OMA 47 » 4c®l= - = » PoC &R E A * Unicast 1> ;¢ i@ % TBCP
Taken 94t e > PoC PPRE Z & ¥ 1'% i Taken 3f# 11 %2 — B Granted 37 > #714
B gk n o B85 A (Floor) H 3ot i f e ntl > F R A s
30 g HE ML 45 A b MPTT 457 » 4offl= L ~ » PTT @R E L*
Multicast # i% Floor Taken 31 & » ¥ F & 3% i — {» » #7102 Floor # Z¢ % F]= F 3 4

@m 2 & 1% 3 { % Floor Taken 3t ¢ -
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OMA 2% fﬁ_t‘ » 4ol -+ 4 > PoC ® PR B &_* Unicast e1~ ;% i TBCP Idle

¢3te o PoC RREF & #d = B Idle 3¢ » #7123 e L #ici n PF > Release # 3¢

AR endte feh ntl o FEFEAEE 30 T e ks 4

Bl = -4 -~ OMA PoC Release

3

e
Lo R ZREDN- o AT Release # ¢ 7 Fl= B3 4em F &5 L % FloorIdle
3te

o

B)] = + -~ MPTT Release

% 7 & RTP ¢ Unicast /Mulitcast
OMA %7 » 4oBl= - » % % KILE* Unicast 177 ;¢ i % RTP it # >
FiEPoC PIRBEELT M A BH # (N32 s o7l & B 4c 0 PIREHTE 3 00
B dte Pef B E STUFEE AL nF o SR v SEfHE B

Audio # Zp#TF it e fch nta 0 R A HE 30 TR A S 31a
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B =+ - ~ OMA PoC Audio
@ 2 MPTT % 3@ > dr@l= -+ = » % = (X3 F % Multicast @i¥ » #F 4 °
REEN- D AEF g 3 F e B Audio H I FIS A 4w FRED

L TNk

PTT

% = & Back to Back /Proxy

OMA % ## » 4rBl= L+~ » % # N2 @:E RTP ehdf e » 7 446 PoC 7R E
HEET A B SR A PIRE Ak HEATE PR B A A
MPTT % 56% > 4eBl= L - > %3 47 20l PIRBEE > R0 0 PIRE
T FpER o

o8 EEEE N

OMA %47 § Al it * KRB HE > wPlz - = Hos §FH

$o F - B §3E3F & B SIPBYE 112 200 0K » #2132 4 ik n pF o

Bye # B chdt & #ics 2no FH e A deh 30 TR 4T dRE 6
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SIP BYE

SIP BYE

SIP

. SIP2000OK |
SIP 2

o SIP2000OK |

B = + = ~ OMA PoC Bye
@ & MPTT ?ﬁﬁi“ »ArBl= w0 @ H jﬂ"'si 41 SIP BYE 17 2 4z 3| 2000K
IT%E‘E%?‘.F#“ ¥ 2 > Bye 34')55?”’*% Hedi 2 R AFEEN g 'ﬁ:ﬁ{ﬁ‘b kX gl

WA FE A ] R -

B = + = ~ MPTT Bye

FAE R
Bofs ks W Fengte o T 0 T 0T av o bR PoC BT 2 EE
FIMET BB H 2T R 2n-dnta> 7 24 5% D2 MPTT E AN

5n+9+nta -
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BT AHIHE R EE 0t AR a5 F )

T v e

Register
Invite
floor
Audio

Release
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Bye

2n
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n+1
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“3 BREAREY

¥F-8 AXEY

St

Tt S K AR F A i E T R E R 0 VoIP TS

® e 2
MPTT % 4£% > & 4 %% [19,20]3 21 5 11 T e 4 #2304 & F I -

IPv6 Multicast

- e SIP:Invite @
IPv6 UnlcasF : / Uns
@_ﬂ ] @ SIP:Invite

@
PTT Server \

UA1 O PTT Bridge :
SIP:Invite @

Voip Phone
3

e

Bl =37 ~VoIP & & * 3 MPTT )% st

4de@Blz L7 > A VoIP 232 PTT WPREP FF > 2 & - 5 PTT Bridge © %
VoIP % 3% UAL 4% it is ¢ 3% 40 SIP 32 4¢¢ » PTT Bridge {231 ¢ & #2# i%

& PTT ® PR B 12 SIP Module » %= =33 p o

4% UAL B4 & ®g T 7% UA2 > PTT Bridge # ¢ £_{< 3] SIP INVITE & &_
4% T #5954 DTMF 7 RTP ?5'3 ¢ 2 &z % PTT &R E <0 SIP Module » 4 SIP

Module £ # ¥ INVITE % UA2 » = = é{r‘,ﬁ 15 ,i%,;‘; B il 3L o

4r4% UAL ¢ * MPTT PR § & :fF] TAF R ELIE (B]de 3 5 2 FEL) o

T}

it @ * MPTT FR#% > i=pF§ PTT Bridge < ¥] SIP INVITE 12 2 & F DTMF 7 RTP

o gP TR R ¥ F LH % SIP Message i2 % PTT #JRE - PTT IR F
GLM e fc |14 ¢ @3 PTT Bridge 12 % it driFehsl # UA 4e » 3% 0 & § PTT
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Bridge fc ¥ SIP 3+ ¢ # UAL# = ¢ 3% » % UAL % & 200 OK » PTT Bridge -
¢ ¥ J& 200 OK % GLM ficke » L’E’Fﬁ%«’—f'_ih@‘; =R e

% UAL 1% 33 ¢ 37 4y TP P 8L15 (bl40 2 = & F 35) > i&P¥ PTT Bridge
¢ i 4 * SIP iz ) Floor Request % PTT R & ¢ TBCP #i-% » 4% J2 3| Floor
Granted > PTT Bridge ¢ » UAl # 3 - B85 &7 7 MB43ET - 2§ UAL
Bdesiisd o B i ehg 0 ¢ L ix 1) PTT Bridge » PTT Bridge ¢ # RTP i f1v #f
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ot
ftdk—- %% MPTT X 5%
NG H T F Tk den® S Ve
l. % & %58 -
L. Ubuntu 18.04
II. Kamailio 5.3
2. Kamailio % % (SIP Module)
L. % %
$ sudo apt install kamailio kamailio-mysql-modules
$ sudo apt install kamailio-websocket-modules
I &=+
$ kamailio -V
III. 3k %_Kamailio
$ sudo -i
$ cd /etc/kamailio/
$ cp kamailio.cfg kamailio.cfg.bkg
$ vim kamailio.cfg
# listen=udp:10.0.0.10:5060
listen = [ {% &7 [Pv6 Address]
IV. € £z Kamailio
$ service kamailio restart
V. d1 38 & Kamailio 4% #6124 % 22 et R

$ kamctl ul show
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3. MXML % %

$ wget
https://github.com/michaelrsweet/mxml/releases/download/v3.1/mxml-3.1.tar.gz

$ tar -xzvf mxml-3.1.tar.gz && cd mxml-3.1
$ ./configure
$ make
$ sudo make install
$ export LD_LIBRARY PATH=/lib:/ust/lib:/usr/local/lib

4. IPv6 Multicast PJSIP = %
$ apt-get install build-essential libasound2-dev pkg-config
$ sudo apt install git
$ git clone https://github.com/lishaWu/push-to-talk-with-pjsua.git
$ cd push-to-talk-with-pjsua/
$ ./configure --enable-shared
$ make dep
$ make
$ sudo make install
$ export LD_LIBRARY PATH=/lib:/ust/lib:/usr/local/lib

5. GLM Module £z *
$cd../PTT/
$ gee glms.c -0 glms “pkg-config --cflags --libs libpjproject mxml®
$ ./glms

6. TBCP Module £z *

$cd../PTT/
$ gec tbeps.c -o tbeps “pkg-config --cflags --libs libpjproject mxml®

39
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$ ./tbeps
7. 4ci8 3] Make Error

$ make distclean
$ make clean
$ make realclean
8. 4% 4183 7 3| Default Audio Device
FATH - B Terminal
$ aplay -1
$ sudo apt-get install libasound2-dev
$ cd push-to-talk-with-pjsua/
$ ./configure --enable-shared
$ make dep
$ make

$ sudo make install

S-S AR TS
A TR et F R S e
1. MXML % %
$ wget
https://github.com/michaelrsweet/mxml/releases/download/v3.1/mxml-3.1.tar.gz
$ tar -xzvf mxml-3.1.tar.gz && cd mxml-3.1
$ ./configure
$ make
$ sudo make install
§ export LD LIBRARY PATH=/lib:/ust/lib:/ust/local/lib
2. IPv6 Multicast PJSIP % %
§$ apt-get install build-essential libasound2-dev pkg-config
$ sudo apt install git
$ git clone https://github.com/lishaWu/push-to-talk-with-pjsua.git

40
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$ cd push-to-talk-with-pjsua/

$ ./configure --enable-shared

$ make dep

$ make

$ sudo make install

$ export LD_LIBRARY PATH=/lib:/ust/lib:/usr/local/lib
$cd./PTT/

$ gce ptt.c -o glms “pkg-config --cflags --libs libpjproject mxml®

$ ./ptt

3. 4ri§ ¥| Make Error
$ make distclean
$ make clean
$ make realclean
4. % 4335 7 1] Default Audio Device
#ATH — i Terminal
$ aplay -1
$ sudo apt-get install libasound2-dev
$ cd push-to-talk-with-pjsua/
§$ ./configure --enable-shared
$ make dep
$ make

$ sudo make install

5. How to make call
EFH B apm AT m T g & Fehit * o e.gnicole alice
ZHB T RT aV R
BRI T RT ST UPEF T F

kG g TR o T R
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EH G AT h ¥ 0 L

AU
d A RT QT LA
*$4x= IPv6 Multicast PJSIP ® 3 IPv6 Multciast
¥]% PISIP # £ 4% IPv6 Multicast » #712 Jf i3 2z 2 J 448 » 273 IPv6 Multicast

Socket Option » 12 % Struct pj_ipv6_mreq # #73# — i# Flag ipv6_media_mcast use i¥

% .7 fx* [Pv6 Multicast °

1. push-to-talk-with-pjsua -2.9/pjsip/include/pjsua-lib/pjsua.h

/**

* Specify whether [Pv6 multicast should be used on media.

*/

pjsua_ipv6 mcast use ipv6_media_mcast_use;

/**

* Specify how IPv6 ipv6 transport should be used in account config.

*/

typedef enum pjsua_ipv6_mcast use

{

/**

* [Pv6 1s not used.
*/

PJISUA IPV6 MCAST DISABLED,

/**

* [Pv6 is enabled.

*/
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PJISUA IPV6 MCAST ENABLED

} pjsua_ipv6_mcast use;

2. push-to-talk-with-pjsua -2.9/pjlib/src/pj/sock bsd.c

/* ipv6 Multicast Socket option */

#ifdef IPV6_ MULTICAST IF

const pj_uint16_t PJ IPV6 MULTICAST IF = IPV6 MULTICAST IF;
const pj uintl6 t PJ IPV6 MULTICAST HOPS=IPV6 MULTICAST HOPS;
const pj_uint16_t PJ IPV6 MULTICAST LOOP =IPV6 MULTICAST LOOP;
const pj uintl6_t PJ IPV6 JOIN GROUP =IPV6 JOIN GROUP;
const pj_uint16_t PJ IPV6 LEAVE GROUP = IPV6_LEAVE GROUP;
#else

const pj_uintl6_t PJ IPV6 MULTICAST IF = OxFFFF;

const pj uintl6_t PJ IPV6 MULTICAST HOPS = O0xFFFF;

const pj_uint16_t PJ [PV6 MULTICAST LOOP = OxFFFF;

const pj uintl6 t PJ IPV6 JOIN GROUP = OxFFFF;

const pj_uintl6_t PJ IPV6 LEAVE GROUP = 0xFFFF;

#endif

3. push-to-talk-with-pjsua -2.9/pjlib/src/pj/sock _common.c

PJ _DEF(pj uint16 _t)pj IPV6 MULTICAST IF(void)

{

return PJ IPV6 MULTICAST IF;
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PJ DEF(pj uint16 _t)pj IPV6 MULTICAST HOPS(void)

{

return PJ IPV6 MULTICAST HOPS;

PJ DEF(pj uint16_t) pj IPV6 MULTICAST LOOP(void)

{

return PJ IPV6_ MULTICAST LOOP;

PJ DEF(pj uint16 t) pj IPV6 JOIN GROUP(void)

{

return PJ_IPV6_JOIN GROUP;

PJ DEF(pj uint16 _t)pj IPV6 LEAVE GROUP(void)

{

return PJ_IPV6_LEAVE GROUP;

}

4. push-to-talk-with-pjsua -2.9/pjlib/include/pj/sock.h

/** IPV6 multicast interface. @see pj IPV6_ MULTICAST IF() */
extern const pj uintl6 t PJ IPV6 MULTICAST IF;
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/** IPv6 multicast hop. @see pj IPV6_ MULTICAST HOPS() */
extern const pj_uintl6_t PJ IPV6 MULTICAST HOPS;

/** IPv6 multicast loopback. @see pj [IPV6 MULTICAST LOOP() */
extern const pj_uintl6 t PJ IPV6 MULTICAST LOOP;

/** Join an IPv6 group. @see pj IPV6 _JOIN GROUP() */

extern const pj_uintl6 _t PJ IPV6 JOIN GROUP;

/** Leave an IPv6 group. @see pj IPV6_ LEAVE GROUP() */

extern const pj_uintl6_t PJ IPV6 LEAVE GROUP;

/** Get #PJ IPV6_ MULTICAST IF constant */

PJ DECL(pj_uint16_t) pj IPV6 MULTICAST IF(void);

/** Get #PJ IPV6_MULTICAST _HOPS constant */

PJ DECL(pj_uintl6_t) pj IPV6 MULTICAST HOPS(void);
/** Get #PJ IPV6_ MULTICAST LOOP constant */

PJ DECL(pj_uintl6_t) pj IPV6 MULTICAST LOOP(void);
/*¥* Get #PJ_IPV6_JOIN GROUP constant */

PJ DECL(pj_uintl6_t) pj IPV6 JOIN GROUP(void);

/** Get #PJ IPV6_LEAVE GROUP constant */

PJ DECL(pj uint16_t) pj IPV6 LEAVE GROUP(void);

/** Get #PJ IPV6_ MULTICAST IF constant */

# define pj IPV6_MULTICAST IF() PJ IPV6 MULTICAST IF
/** Get #PJ_IP. MULTICAST TTL constant */

# define pj IPV6_MULTICAST HOPS()
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PJ IPV6 MULTICAST HOPS
/** Get #PJ IPV6_ MULTICAST LOOP constant */
# define pj IPV6 MULTICAST LOOP() PJ IPV6 MULTICAST LOOP
/** Get #PJ] IPV6_ ADD MEMBERSHIP constant */
# define pj_IPV6_JOIN GROUP() PJ IPV6 JOIN GROUP
/** Get #PJ IPV6_ DROP_MEMBERSHIP constant */

# define pj IPV6 LEAVE GROUP() PJ IPV6 LEAVE GROUP

L
* This structure provides multicast group information for IPv6 addresses.
*/

typedef struct pj_ipv6_mreq {

pj_in6_addr ipvémr multiaddr; /**<IPv6 multicast address of group. */

int ipvémr _interface; /**<local IPv6 address of interface. */

} pj_ipv6_mreq;

W

. /pjsip/src/pjsua-lib/pjsua-media.c
I. create rtp rtcp sock()
/* if ipv6 mcast REUSEADDR*/
if (acc->cfg.ipv6_media _mcast use == PJSUA IPV6_ MCAST ENABLED){
int reuse = 1;
status = pj_sock _setsockopt(sock[0], pj SOL SOCKET(),

pj_SO_REUSEADDR(), &reuse, sizeof(reuse));

/* Specify the multicast group */
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if (acc->cfg.ipv6_media_mcast use ==
PJSUA_IPV6_MCAST ENABLED){
struct pj_ipv6_mreq imr;
imr.ipvémr_multiaddr = public_addr.ipv6.sin6_addr;
imr.ipvémr_interface = 0;
status = pj_sock_setsockopt(sock[0],PJ_SOL IPV6,
pi_SOL _IPV6(),pj IPV6 JOIN GROUP(),&imr, sizeof(struct pj_ipv6_mreq));
if (status !=PJ_SUCCESS)

return status;

/* if ipv6 mcast REUSEADDR*/

if (acc->cfg.ipv6_media_mcast use ==PJSUA IPV6 MCAST ENABLED){
int reuse = 1;
status = pj_sock setsockopt(sock[1], pj_ SOL_SOCKET(),

pj_SO_REUSEADDR(), &reuse,sizeof(reuse));

/* Specify the multicast group */
if (acc->cfg.ipv6_media_mcast use == PJSUA IPV6 MCAST ENABLED){
struct pj_ipv6_mreq imr;
imr.ipvémr_multiaddr = public_addr.ipv6.sin6_addr;
imr.ipvémr_interface = 0;
status = pj_sock setsockopt(sock[1],PJ SOL IPV6,//
pj_SOL IPV6(),p; IPV6 JOIN GROUP(),&imr, sizeof(struct pj_ipv6 mreq));
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if (status != PJ_SUCCESS)

return status;

*t4x= IPv6 Multicast PJSIP ® 3& Multicast PTT

PJSUA #pjsua_media.c > f¥| Incoming 4t & I ¥ il B 351 » € B 4o

i\<

Media Session » 3f 3% #_3 Local Device 7 IPv6 Address i* = Local RTP Address »

e

X & MPTT % ¢ ¥ 3= %= SDP ¢ & Mcast Address ¥ 5 Local RTP address ° 3

*

P
(34
ex

1

J bt # i @ #7387 ptt_mcast use 0 1T 5 H|¥FiRy o

%] %= PJSUA ¢ pjmedia 3f X ¢ # Remote RTP Address % = ¥ > & IP

Address(source address) » 2 ¥ A2 ¢ HMPTT & i¥ = ;% §_Multicast Address » #7

71 % & 3 PIMEDIA TRANSPORT SWITCH REMOTE ADDR % % 0 -

1. pjsip/include/pjsua-lib/pjsua.h

/**

* Mcast Push to talk set rtp address with remote sdp conn addr
*/

pjsua_ptt_mcast_use ptt_mcast use;

/**

* Mcast Push to talk set rtp address with remote sdp conn addr
*/

typedef enum pjsua_ptt_mcast_use

{
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/**
* PTT MCAST is not used.
*/

PJSUA PTT MCAST DISABLED,

/**
* PTT MCAST is enabled.
*/

PJISUA PTT MCAST ENABLED

} pjsua_ptt mcast use
2. /pjsip/src/pjsua-lib/pjsua-media.c
I. pjsua_media channel init()
/* ptt multicast enable*/
if (acc->cfg.ptt_mcast use ==
PJSUA PTT MCAST ENABLED){
pjmedia_sdp media *m =rem_sdp->media[rem_sdp-
>media_count-1];
acc->cfg.rtp cfg.public_addr= m->conn->addr;

}

Il. create rtp rtcp sock()

pj_sockaddr public_addr;
pj_sockaddr init(af, &public_addr, NULL, 0);
if (cfg->public_addr.slen) {
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status = pj_sockaddr set str addr(af, &public addr, &cfg-
>public_addr);
if (status !=PJ_SUCCESS) {
pjsua_perror(THIS FILE, "Unable to resolve transport public
address",
status);

return status;

}

3. /include/pjmedia/config.h
PJMEDIA TRANSPORT SWITCH _REMOTE_ADDR 0

4. /include/pjmedia/sock.h

extern const struct pj_in6_addr pj_in6addr any;
extern const struct pj_in6_addr pj_in6addr loopback;
extern const struct pj_in6_addr pj_in6addr any;

extern const struct pj_in6_addr pj_in6addr loopback;

/ %
* SIP multicast socket option.
*/
PJ DEF(void) pjsua_sip multicast(pjsip_rx data *rdata)

{

/* Parse SDP from incoming request */
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if (rdata->msg_info.msg->body) {
pj_status_t status;
pjmedia sdp session *offer=NULL;
pjsip_rdata sdp info *sdp_info;
sdp_info = pjsip_rdata get sdp info(rdata);
offer = sdp_info->sdp;
pjmedia_sdp media *m = offer->mediaoffer->media_count-1];
struct pj_ipv6_mreq imr;

pj_sockaddr public_addr;

pj_sockaddr init(pj AF INET6(), &public_addr, NULL, 0);
if (m->conn->addr.slen) {
status = pj_sockaddr set str addr(pj AF INET6(), &public addr, &m-
>conn->addr);
if (status !=PJ_SUCCESS) {
pjsua_perror(THIS FILE, "Unable to resolve transport bind
address",status);

return status;

}
b

imr.ipvémr_multiaddr = public_addr.ipv6.sin6_addr;

imr.ipvémr _interface = 0;

int reuse = 1;

status = pj_sock_setsockopt(*sip_sock, pj SOL SOCKET(),
pj_SO_REUSEADDR(), &reuse, sizeof(reuse));
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status = pj_sock_setsockopt(*sip_sock,PJ SOL IPVe6,//

pj_SOL 1PV6(),pj IPV6 _JOIN GROUP(),&imr, sizeof(struct pj_ipv6 _mreq));

52

doi:10.6837/ncnu202000205



	thesis-nicole-v7
	594065_吳怡蓓-碩士論文考試審定書 (5)
	thesis-nicole-v7
	致謝詞
	摘要
	Abstract
	目次
	表目次
	圖目次
	第一章   緒論
	第一節   研究動機
	第二節   研究目的
	第三節   論文架構

	第二章   研究背景
	第一節   SIP 協定
	第二節   TBCP 協定
	第三節   OMA架構之PoC運作流程
	第四節   IPv6
	第五節   3PCC 協定

	第三章   文獻探討
	第一節   點對點之語音傳輸(Point to Point Audio Streaming)
	第二節   多播PTT
	第三節   多播位址群組(Multicast Address Group)

	第四章   Multicast Push to Talk 系統
	第一節   系統架構
	第二節   系統功能
	第三節   SIP模組
	第四節   GLM 模組
	第五節   TBCP模組
	第六節   信令流程

	第五章  系統實作
	第一節   Register
	第二節   Invite
	第三節   Floor
	第四節   Audio
	第五節   Release
	第六節   BYE
	第七節   Floor from Denny

	第六章   系統功能分析與比較
	第一節   建立群組的方式
	第二節   發起邀請方式
	第三節   傳送 Floor 的協定
	第四節   Floor 為 Unicast /Mulitcast
	第五節   RTP的Unicast /Mulitcast
	第六節   Back to Back /Proxy
	第七節   離開群組的方式
	第八節   效能比較

	第七章   結論與未來展望
	第一節   未來展望
	第二節   結論

	參考文獻
	附錄
	附錄一   架設MPTT系統
	附錄二   使用者端安裝
	附錄三   IPv6 Multicast PJSIP實現IPv6 Multciast
	附錄四   IPv6 Multicast PJSIP實現Multicast PTT





