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What	  is	  PTT?	  

•  Half-‐duplex	  communicaBon	  system	  
between	  mulBple	  parBcipants	  that	  
share	  a	  single	  communicaBon	  channel.	  

•  Only	  one	  user	  is	  granted	  Permission-‐
to-‐Speak	  at	  a	  Bme	  (floor-‐control).	  

•  While	  one	  person	  speaks,	  the	  others	  
listen.	  

•  Mostly	  used	  by	  public	  safety	  
community	  as	  it	  enables	  coordinated	  
communicaBon	  and	  spectral	  efficiency.	  
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MoBvaBon	  
•  First	  responders	  cannot	  always	  rely	  on	  pre-‐exisBng	  

infrastructure.	  	  
–  White	  House	  report	  on	  hurricane	  Katrina	  states	  that	  1,477	  cell	  

towers	  were	  incapacitated,	  leaving	  millions	  unable	  to	  
communicate.	  

•  Wireless	  Mesh	  Networks	  can	  be	  rapidly	  deployed	  for	  an	  
instantaneous	  communicaBon	  infrastructure.	  

•  We	  need	  a	  PTT	  service	  that	  works	  even	  when:	  
–  part	  of	  the	  infrastructure	  becomes	  unavailable	  (no	  centralized	  

point	  of	  failure)	  
–  part	  of	  the	  infrastructure	  stops	  working	  (node	  crashes)	  
–  the	  system	  becomes	  parBally	  disconnected	  (network	  parBBons	  

and	  merges)	  
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System	  Overview	  
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Outline	  
•  Architecture	  

– Wireless	  Mesh	  Network	  (SMesh)	  
–  Client	  Seamless	  Access	  

•  Push-‐to-‐Talk	  Protocol	  
–  Client	  and	  Session	  Management	  
–  Floor	  Control	  
–  Protocol	  Robustness	  

•  Experimental	  Results	  
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PTT	  Architecture	  
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www.smesh.org	  

[ACM	  Mobisys	  2006],	  [IEEE	  WoWMoM	  2007],	  	  
[IEEE	  WiMesh	  2008],	  [ACM	  TOCS	  (accepted)].	  



Seamless	  user	  interacBon	  

How	  to	  connect:	  

Mobile	  Client	  with	  VoIP:	  	  
sip	  :	  pi	  @	  192.168.1.10	  
(that’s	  a	  virtual	  SIP	  server)	  

With	  a	  regular	  phone:	  
dial	  :	  1-‐877-‐MESH-‐PTT	  

How	  to	  join	  a	  group:	   type	  #	  12	  #	  

How	  to	  request	  to	  speak:	   type	  5	  

How	  is	  noBfied	  when	  he	  	  
has	  permission	  to	  speak:	  

receive	  a	  “beep-‐beep”	  	  
audio	  signal	  
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Outline	  
•  Architecture	  

– Wireless	  Mesh	  Network	  (SMesh)	  
–  Client	  Seamless	  Access	  

•  Push-‐to-‐Talk	  Protocol	  
–  Client	  and	  Session	  Management	  
–  Floor	  Control	  
–  Protocol	  Robustness	  

•  Experimental	  Results	  
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PTT	  Protocol	  –	  Controller	  	  
•  A	  PTT	  Session	  is	  coordinated	  by	  a	  PTT	  controller.	  

•  A	  PTT	  controller	  is	  iniBally	  instanBated	  on	  the	  mesh	  node	  
with	  the	  lowest	  IP	  address	  that	  has	  clients	  for	  a	  PTT	  session.	  

•  Each	  PTT	  Session	  has	  a	  PTT	  Controller	  Group	  (an	  overlay	  
mulBcast	  group)	  that	  a	  controller	  joins.	  

•  The	  controller	  migrates	  when	  another	  mesh	  node	  is	  beier	  
situated	  to	  handle	  a	  give	  PTT	  session	  (to	  the	  “center	  of	  
gravity”	  according	  to	  the	  PTT	  session	  parBcipants’	  locaBons	  
in	  the	  network).	  
–  Increase	  Performance	  (latency	  and	  #	  of	  transmissions)	  
–  Increase	  Availability	  (in	  the	  phase	  of	  network	  parBBons)	  
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Control	  
Group	  

Controller	  
Group	  

Monitoring	  
Group	  

Data	  
Group	  

Client	  management	  

Session	  management	  

PTT	  Protocol	  –	  Management	  Groups	  



PTT	  Protocol	  -‐	  Monitors	  

PING_CMON	  

Monitoring	  group	  

PTS_PING	  (client)	  

Controller	  group	  

Voice	  On	  Bmeout:	  Controller	  is	  lost	  
AcBon:	  If	  lowest	  IP	  on	  PTT	  
group,	  assume	  controller	  role	  
and	  start	  handling	  requests.	  

On	  Bmeout:	  Client	  AP	  is	  lost	  
AcBon:	  Handle	  the	  next	  client	  in	  
the	  queue.	  

Monitors	   Monitors	  

M
onitors	  

On	  Bmeout:	  Client	  is	  Lost	  
AcBon:	  Send	  RELEASE	  
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PTT	  Protocol	  –	  ParBBons	  and	  Merges	  
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Controller

(lower IP address)
Controller

(higher IP address)

Another controller is 
available

Stop queueing and 
handling requests

Leave 
PTT_CMONITOR 
(if needed) and  
PTT_CONTROLLER 
groups

LEAVE_REQUEST_ACK (group)unicast

LEAVE_REQUEST (Queue)

PTT_CONTROLLER

timeout Attempt to leave 
failed

Start queueing and 
handling requests

Merge queues

PING_CMONPTT_CMONITOR group

•  A	  network	  parBBon	  
looks	  like	  a	  controller	  
failure	  in	  one	  side,	  and	  
like	  a	  client	  AP	  and	  
client	  failure	  in	  the	  
other.	  

•  A	  network	  merge	  
requires	  controllers	  
detect	  each	  other	  and	  
decide	  which	  one	  
should	  take	  over	  a	  
given	  PTT	  session.	   Mechanism	  for	  detecBng	  and	  recovering	  

from	  situaBons	  when	  mulBple	  controllers	  
are	  present	  in	  the	  network.	  



Outline	  
•  Architecture	  

– Wireless	  Mesh	  Network	  (SMesh)	  
–  Client	  Seamless	  Access	  

•  Push-‐to-‐Talk	  Protocol	  
–  Client	  and	  Session	  Management	  
–  Floor	  Control	  
–  Protocol	  Robustness	  

•  Experimental	  Results	  
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Rate	
 18 Mbps	


Transmission power	
 50 mW	


Retransmission limit	
 7	


VoIP stream	
 64 Kbps	


Speak duration	
 20 sec	


Testbed	  

Client	  Emulator	  to	  support	  
experiments	  with	  large	  

number	  of	  clients	  

14-‐Node	  Wireless	  Mesh	  Network	  



Normal	  OperaBon	  
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Switch Latency 
~140 ms 

Avg Overhead 
3.4 Kbps 

Normal	  operaBon	  of	  the	  system,	  running	  in	  the	  14-‐
nodes	  testbed,	  with	  4	  clients	  on	  one	  PTT	  group.	  
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Scalability	  with	  Number	  of	  Clients	  
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Average	  latency	  of	  the	  packets	  received	  by	  the	  
mesh	  nodes,	  while	  increasing	  the	  number	  of	  

clients	  on	  a	  single	  PTT	  group.	  

Average	  loss	  rate	  of	  the	  packets	  received	  by	  
the	  mesh	  nodes,	  while	  increasing	  the	  

number	  of	  clients	  on	  a	  single	  PTT	  group.	  



Scalability	  with	  Number	  of	  Groups	  
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Average	  latency	  of	  the	  packets	  received	  by	  the	  
mesh	  nodes,	  while	  increasing	  the	  number	  of	  

PTT	  groups	  (4	  clients	  per	  group).	  

Average	  loss	  rate	  of	  the	  packets	  received	  by	  the	  
mesh	  nodes,	  while	  increasing	  the	  number	  of	  

PTT	  groups	  (4	  clients	  per	  group).	  



Large	  Scale	  Scenario	  
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Large	  case	  scenario	  showing	  a	  network	  parBBon	  and	  merge.	  40	  clients	  join	  the	  14-‐
nodes	  system	  on	  10	  PTT	  groups	  (4	  PTT	  users	  per	  group).	  	  	  

Black	  =	  Data	  Traffic	  	  	  	  	  Blue	  =	  PTT	  Control	  Traffic	  	  	  	  	  Red	  =	  RouBng	  Control	  Traffic	  



Conclusion	  
•  Presented	  a	  robust	  PTT	  system	  that	  is	  highly	  available	  and	  

works	  in	  the	  presence	  of	  node	  crashes	  and	  network	  
parBBons	  and	  merges.	  

•  System	  provides	  high	  availability	  while	  efficiently	  arbitraBng	  
the	  PTT	  sessions	  and	  efficiently	  disseminaBng	  voice	  traffic.	  	  

•  Seamless	  architecture	  for	  heterogeneous	  environments.	  

•  Experimental	  results	  demonstrate	  that	  PTT	  is	  a	  viable	  
applicaBon	  for	  self-‐organizing	  mesh	  networks.	  
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Network	  ParBBon	  and	  Merge	  
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Overhead	  as	  number	  of	  clients	  grows	  
on	  a	  single	  PTT	  channel	  
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