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h"p://www.protezionecivile.gov.it/jcms/it/ran.wp	  

	  523	  sta8ons	  
________________________________________________________________________________________________________________-‐-‐	  

	  521	  three-‐components	  sta8ons	  
	  	  	  	  	  2	  	  six-‐components	  sta8ons	  

DPC	   collects	   high-‐quality	   digital	   recordings	   of	  
accelera<on,	  in	  urban	  areas,	  at	  the	  occurrence	  
of	   significant	   earthquakes	   for	   the	   Italian	  
territory	  
	  
Regional	   governments	   and	   municipali<es,	  
thanks	   to	   Inter-‐ins<tu<onal	   agreements	  with	  
DPC,	   collaborate	  making	  available	  public	   lands	  
for	  monitoring	  and	  provide	  electrical	  supply	  for	  
instrumenta8on.	  
	  
DPC	  uses	  strong	  mo<on	  data	  	  
	  
!  	  to	  maximize	  the	  effec8veness	  of	  

emergency	  response	  services	  
	  
!  	  to	  take	  a	  step	  forward	  in	  the	  assessment,	  

preven8on	  and	  mi5ga5on	  of	  seismic	  risk	  
	  

RAN	  –	  Italian	  strong	  mo<on	  network	  



Company	   Kinemetrics	   Re1ek	   Solgeo	   Syscom	   CFX	  

Datalogger	  
Etna	  -‐	  Makalu	  -‐	  K2	  -‐	  

Basalt	   RT-‐130	   EDAX	  

Sensor	  
Episensor	  -‐	  	  

Fba23	  -‐	  Hyposensor	  
	  

MS2007	   US4	  

RAN	  –	  housing	  and	  instrumenta<on	  

(*)	  analog	  or	  GSM	  modem,	  remote	  sta=on	  	  

Kinemetrics	  

Re1ek	  -‐	  Syscom	  

Solgeo	  -‐	  CFX	  

3%	  

59%	  
38%	  

other*	  

modem	  GPRS	  

router	  3G	  
48%	  

1%	  
51%	  

Gualdo	  Tadino	  
(in	  the	  basement)	  

Vairano	  Patenora	  
(close	  to	  the	  building)	  

Forni	  di	  Sopra	  
(Free	  	  field	  )	  	  

Company	   APSystems	   Sierra	  Wireless	   NetModule	  

Modem	  GPRS	  	  	   DM530	  PC	   	  	  	  

Router	  3G	  HSPA	  
(fallback	  to	  GPRS/EDGE)	  

Raven	  XE	  
AirLink	  LS300	  

NB2240	  	  
NB500/NB2700	  
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!  Sta<ons	  maintenance	  and	  safety	  
	  
!  Data	  transmission	  reliability	  
	  
!  Network	  func<onality	  
	  
!  Data	  center	  reliability	  
	  
!  Contribu<on	  to	  informa<on	  in	  seismic	  emergency	  	  	  	  
	  
	  
"  The	   work	   <metable	   does	   not	   consider	   a	   h24	   presence	   for	   the	   network	  

management	  and	  for	  the	  management	  of	  data	  center	  
	  
	  
	  
	  
"  Reliable	  and	  automa<c	   tools	  must	  be	  adopted,	   far	  as	  possible,	   for	  ensuring	   the	  

correct	   opera<ng	   of	   sta<ons	   and	   data	   center,	   informa<on	   availability	   and	  
dissemina<on	  in	  seismic	  emergency.	  

RAN	  –	  improvements	  	  	  
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RAN	  –	  sta<on	  maintenance	  and	  safety	  	   
 

!  two	  scheduled	  visits	  to	  each	  sta<on	  in	  one	  
year;	  a	  single	  sta<on	  cannot	  be	  out	  of	  order	  
for	  more	  than	  5	  days.	  

	  
!  the	  sta<on	  should	  be	  not	  a	  danger	  to	  things	  

and	   people,	   in	   compliance	   to	   Italian	   laws	  
about	   the	   health	   and	   the	   safety	   in	  
workplaces.	  

Sta5on	  maintenance	  checklist	  	  

Cer5fica5on	  of	  sta5on’s	  electrical	  safety	  

Risk	  assessment	  at	  the	  sta5on	  
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RAN	  -‐	  data	  transmission	  reliability	  	   
 DPC	  chose	  to	  use	  	  a	  private	  APN	  for:	  

	  
	  
!  Higher	  security	  and	  reliability	  in	  data	  transmission;	  
	  
	  
!  Overcoming	   the	   difficul<es	   related	   to	   the	   management	   of	   dynamic	   public	   IP	  

addresses,	  that	  the	  public	  APN	  associates	  to	  SIM	  cards.	  
	  
	  
	  
This	  choice	  turned	  out	  par<cularly	  	  good,	  in	  more	  recent	  <mes,	  for:	  
	  
	  
!  Overcoming	  the	  difficul<es	  related	  to	  the	  management	  of	  private	  IP,	  that	  the	  public	  

APN	  associates	  to	  SIM	  cards	  because	  of	  the	  diffusion	  of	  internet	  devices	  and	  the	  delay	  
in	  switching	  from	  Ipv4	  to	  Ipv6	  protocol.	  	  

	  
	  
When	  the	  SIM	  is	  used	  to	  connect	  to	  internet,	  the	  private	  IP	  is	  translated	  (NAT)	  over	  a	  dynamic	  
public	  IP	  shared	  by	  several	  SIM	  cards.	  	  Each	  of	  these	  SIM	  cards	  uses	  the	  same	  public	  IP	  address	  
but	  a	  different	  port,	  whose	  number	  changes	  <me	  to	  <me.	  
 



RAN	  -‐	  data	  transmission	  reliability	  	  

APN	  dpc.<m.it	  
10.200.128.0/23	  

NAS	  TELECOM	  ITALIA	  
NAS1:	  10.200.128.1	  
NAS2:	  10.200.128.2	  

	  
Radius_APN-‐TIM	  

(Debian	  –	  freeradius.org)	  
RadiusServer_1	  
RadiusServer_2	  

	  

DMZ	  Sismico	  RAN	  
192.168.12.0/32	  

NAS ask AUTH with telephon number 

Radius reply OK or DROP 

1	  

2	  

3	  

4	  
TCP/UDP  

vs   
DMZ Sismico RAN 

 
 

Telecom facility 

DPC head office 

DPC head office €	  7.50	  /	  month	  for	  SIM	  card	  
that	  include	  20	  GB	  /month	  	  
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RAN	  –	  network	  func<onality	   
 

!  The	   high	   level	   of	   network	   func<onality	   is	   ensured	   by	  
three	  Companies,	  besides	  the	  University	  of	  Trieste,	  that	  
must	   guarantee	   high	   service	   levels	   for	   the	   sta<ons	  	  
maintenance.	  	  

0	  

20	  

40	  

60	  

80	  

100	  

16/1/14	   17/3/14	   16/5/14	   15/7/14	   13/9/14	   12/11/14	   11/1/15	  

(%)	  

1	  year	  

1	   2

3	  

4	   5	  
6	  

6	  	  server	  failures	  or	  connec<on	  failures	  at	  RAN	  data	  center	  	  	  	  

!  The	   network	   func<onality	   is	   daily	   checked	   and	   an	  
automa<c	   report	   	   is	   generated	   by	   a	   script	   shell,	   in	  
perl,	  that	  run,	  as	  “cronjob”,	  in	  Antelope	  environment.	  
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RAN	  –	  data	  center	  reliability	  

INGV cluster	  Linux	  for	  data	  acquisi<on	  and	  processing	  
(Antelope	  so1ware) 

cluster	  	  Linux	  for	  data	  acquisi<on	  	  
(RTI	  suite)	  

server	  Mac	  OS	  for	  data	  acquisi<on	  
(Antelope	  so1ware)	  

rtpd	  

rtp2orb	  

altus2orb	  
orb2orb	  
edax2orb	  

orb2orb	  

ew2orb	  

orb2orb	  RAF 
Server 

ISNET 
Server 

Sp	  

- DPC web server 

- DPC mail server  

RAN 
stations 

orb2db	  	  

Storage	  
(Antelope	  rela=onal	  database)	  

The	  upgrade	  of	  data	  center	  was	  completed	  	  in	  	  February	  
2015	  
	  
!  The	  new	  system	  is	  	  more	  reliable	  	  
	  
!  The	  servers	  and	  the	  network	  devices	  are	  monitored	  	  

!  Antelope	  ver.	  5.4	  is	  running	  



RAN	  -‐	  	  “Integrated”	  Networks	  

RAF	  network	  -‐	  14	  sta<ons	  
FDSN	  code	  “RF”	  

hmp://rtweb.units.it/	  
Agreement	  between	  DPC	  and	  	  

University	  of	  Trieste	  

ISNET	  network	  -‐	  31	  sta<ons	  
FDSN	  code	  “IX”	  

hmp://isnet.na.infn.it/	  
Agreement	  between	  DPC	  and	  	  

AMRA	  consor8um	  

RAN	  network	  -‐	  523	  sta<ons	  
FDSN	  code	  “IT”	  
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At	   data	   center	   an	   automa<c	   procedure,	   developed	   within	   	   the	   collabora<on	   with	  
University	  of	  Trieste	  (Giovanni	  Costa	  and	  his	  group),	  is	  running.	  	  This	  procedure	  is	  	  
	  
!  developed	  in	  Antelope	  environment	  
!  triggered	  by	  	  a	  new	  event	  	  loca<on	  in	  Antelope	  database	  
	  
It	  generates	  and	  transmit,	  automa<cally	  	  
	  
!  SMS	  with	  event	  loca<on	  from	  	  Antelope	  database	  	  
!  e_mail	  with	  event	  loca<on	  and	  phases	  	  from	  	  Antelope	  database	  
!  e_mail	   with	   event	   report.	   This	   report	   contains	   values	   of	   “Mw”,	   response	   spectra	  

“PSA”	  as	  well	  as	  other	  parametric	  informa<on	  calculated	  from	  recorded	  waveforms	  
by	  the	  	  procedure	  itself.	  

	  
It	  also	  
!  updates	  	  private	  or	  public	  sites	  for	  data	  dissemina<on	  
!  stores	  the	  calculated	  	  PSA	  in	  a	  folder	  	  	  

	  
Antelope	  database	  schema	  was	  modified	  in	  order	  to	  add	  tables	  
"  for	  the	  management	  of	  the	  procedure	  
"  for	  storing	  the	  new	  parameters	  calculated	  by	  the	  procedure.	  

RAN	  –	  contribu<on	  to	  informa<on	  in	  seismic	  emergency	  	  	  
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Strong	  mo8on	  waveforms	  

Automa8c	  procedure	  
(trigger:	  Antelope	  loca=on	  )	  

Antelope	  automa8c	  loca8on  

Late	  waveforms	  

shortened	  version	  of	  
revised	  seismic	  report	  
and	  waveforms	  in	  sac	  
and	  ascii	  formats	  for	  
ML	  >=	  4	  

RAN	  –	  automa<c	  procedure	  	  

event	  report	  
(MW,PGA,	  PGV,	  PGD,	  PSA,	  IH,	  IA,	  

Instrumental	  Intensity,…)	  

Email	    

Automa8c	  procedure	  
(trigger:	  Ingv	  loca=on)	  

INGV	  (lat,	  lon,	  depth,	  To,	  M)	   Web	  services	  	  

Revised	  event	  report	   Email	   
www.mot1.it/randownload	  

1p	  	  waveforms	  	  

phases	  report	  
(ML,	  Lat,	  Lon,	  Origin	  =me,	  P-‐phases)	  

Email	    

INGV	  

INGV	  
(Shakemap)	  
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RAN	  –	  phases	  report	  and	  event	  report	  

PSA	  spectra	  (black)	  compared	  to	  
design	   response	   spectra	   (red)	  
from	  Italian	  building	  code	  

Waveform	  parametric	  informa5on	  (table	  and	  graphic	  format)	  	  

phases	  report	  

event	  report	   event	  report	  

event	  report	  
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DSTalert:	  
DSTalev: 	   	   	  to	  manage	  the	  automa<c	  procedure	  
DSTcity: 	   	   	  	  
DSTproc:	  
Polsite:	   	   	  municipality,	  province,	  region	  
Histopar:	   	  parametric	  informa<on	  of	  waveforms	  recorded	  in	  the	  past	  and	  that	  	  

	   	  are	  uses	  ,	  as	  a	  term	  of	  reference,	  in	  the	  event	  report;	  	  
Stamw: 	   	  sta<on	  moment	  magnitude	  
netmw:	   	   	  network	  moment	  magnitude	  	  
Geosite:	   	   	  EC8	  code	  associated	  to	  sta<on	  used	  to	  calculated	  reference	  	  response	  	  

	   	  spectra	  at	  the	  sta<on	  according	  to	  Italian	  building	  code	  
Spetpar:	  	   	  parametric	  informa<on	  of	  response	  spectra	  from	  recorded	  waveforms	  
wfdamage: 	  parametric	  informa<on	  of	  waveforms	  
wfparam:	   	  parametric	  informa<on	  of	  waveforms	  	  

RAN	  –	  new	  database	  tables	  
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RAN	  –	  planned	  developments	  

!  Integra<on	  of	   	  “near	   	  field”	   	  sensors	  of	   	  DPC	  network	  
for	  structures	  health	  monitoring	  	  

	  
The	   RAN	   and	   OSS	   projects	   	   were	   designed	   and	   implemented	  	  
separately	  	  for	  several	  reasons.	  	  As	  a	  consequence:	  
#  RAN	  and	  OSS	  instrumenta<on	  is	  different,	  but	  few	  cases;	  
#  RAN	  and	  OSS	  data	  center	  are	  different.	  
	  
!  Improvement	  of	  data	  security	  and	  data	  center	  security	  
	  
"  to	  design	  and	  to	   implement,	   in	  a	  safe	  site,	  a	  system	  for	  data	  

replica<on	  and	  synchroniza<on;	  
"  to	   design	   and	   to	   implement,	   in	   a	   safe	   site,	   a	   system	   for	  

“disaster&recovery”	  of	  data	  center.	  
	  	  
!  Improvement	  of	  data	  dissemina<on	  
	  
"  To	  design	  and	  implement	  a	  WEB	  Portal	  with	  web	  services.	  

14 

OSS	  –	  Seismic	  Observatory	  of	  Structures	  
h"p://www.protezionecivile.gov.it/jcms/it/osservatorio.wp	  

	  	  	  152	  monitored	  structures	  
-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  an-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  

3053	  strong	  mo8on	  1Comp.	  sensor	  
	  	  	  	  65	  rela8ve	  1Comp.	  sensor	  



OSS	  -‐	  Seismic	  Observatory	  of	  Structures	  

Concrete	  
	  

Masonry	  
	  

Other	  

School	  
	  

Healthcare	  facility	  
	  

Town	  hall	  
	  

Other	  
	  

Church	  

	  	  	  	  	  	  	  	  -‐	  building	  
	  	  	  	  	  	  	  	  -‐	  bridge	  
	  	  	  	  	  	  	  	  -‐	  dam	  

Building	  
	  

Bridge	  
	  

Dam	  

OSS	  -‐	  152	  structures	   Type of structures 

Characteristics of buildings  

Usage of buildings 



Seismic	  event	  report	  
Max	  interstory	  dri1	  (Dmax)	  	  

correlated	  to	  level	  of	  possible	  damage	  
Automa8c	  procedure	  

 

Web	  services	  	  

www.mot1.it/ossdownload	  

INGV	  (lat,	  lon,	  depth,	  To,	  M)	  

www.mot1.it/iss	  

OSS	  –	  emergency	  response	  and	  data	  dissemina<on	  

e_mail	  

Strong	  mo8on	  waveforms	  

-‐ Documenta8on	  on	  the	  structure	  	  
(design	  documents,	  geological	  report,	  structural	  assessment)	  
-‐	  Results	  of	  geometric	  reliefs	  and	  non-‐destruc8ve	  surveys	  	  
-‐	  Results	  of	  experimental	  modal	  analysis	  
-‐	  Numerical	  models	  (linear,	  non–linear)	  	  
-‐	  Strong	  mo8on	  waveforms	  (associated	  to	  monitored	  structure)	  

-‐ Strong	  mo8on	  parameters	  (PGA,	  PSA,	  Dmax)	  	  
-‐ Strong	  mo8on	  waveforms	  (associated	  to	  event)	  	  



Company	   Solgeo	   Lunitek	   GeoSIG	   Columbia	   CFX	  

Datalogger	   MCCA-‐02	   MCDR	   CR-‐4	  CR-‐6	  
GSM-‐18	  

Sensor	   SSA320	  	  
AC53	  AC63	  

SA213417	  
SA213445	   US4	  

OSS	  –	  housing	  and	  instrumenta<on	  (“near	  field”	  sensor)	  

Company	   FASTweb	   CradlePoint	   Sierra	  Wireless	   Mul=Tech	  

Router	  +	  	  
modem	  ADSL	  	   Cisco	  1841	  

Router	  3G	  HSPA	  
(fallback	  to	  GPRS/EDGE)	  

Mul<Modem	  
rCell	  

Helix	  RT	  
Airlink	  GX400	   	  IBR600P	  

Cividale	  del	  Friuli	  	  
Sensor	  in	  the	  basement	  

Napoli	  	  
Sensor	  close	  to	  building	  	  

GeoSIG	  

Lunitek	  -‐	  Columbia	  

Solgeo	  -‐	  CFX	  
53%	   44%	  

3%	  

router	  3G	  
router	  ADSL	  

28%	  

72%	  



(NF)	  sensor	  reference	  system	  

	  3G/ADSL	   OSS – “Vmware vCenter Server” 
        (DPC head Office)	  	  

NF	   waveforms	   are	   available,	   in	   few	  
minutes	   aPer	   recording,	   in	   ASCII	  
format	  and	   in	  accelera5on	  unit	   (g	  or	  
cm/s2)	  in	  a	  shared	  folder.	  

The	   components	   of	   mo5on	   are	   in	   the	   reference	   system	   of	   the	  
structure,	   	  in	  OSS	  database:	  we	  need	  to	   	  check	  rota5on	  angle	  and	  
to	  update	  sitechan	  table.	  
	  
We	  need	  that	  dbe	  and	  dbpick,	  for	  example,	  use	  sitechan	  table.	  	  	  	  
Probably	  it	  is	  already	  possible.	  

xy2sac 
sac2db ??????? 

Antelope database 

Antelope rtsystem 

??????? 

Integra<on	  of	  near	  field	  sensors	  of	  OSS	  network:	  1th	  step	  


