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Environmental Monitoring Networks

— Seismic (ground vibration)

— Meteorological

— High resolution atmospheric pressure
— Infrasound

— GPS

— Hydroacoustic

— Radionuclide

— Chemical

— Image

— Etc.



Environmental Monitoring (EM)
Network O&M Requirements

* Operational requirements (end user):
— Acquire data from remote sensors

— Provide data to downstream users using
appropriate formats and protocols

— High data completeness
— Minimum data latencies
— High data quality

— High reliability and resilience to single system
component failures (HA)



* Maintenancerequirements (operator):

— Real-time comprehensive view of total system
state of health (SOH)

* Must extend to remote sensors

* Must encompass telemetry

e Supports rapid resolution of any and all problems
— Ability to securely command remote sensors

* Modify configurations

e Mass recenters (seismic)

* |In-situ sensor calibrations (seismic)

— Note range and scope of SOH/C&C (largely
OOB)



SOH Parameters

data gps

data gps cs
data_cnp err port
data cnp err code
data slavep err code
data dig phase
data dig phase why
data_backup
data_record

data leap
data:pow_phase
data_anl fault
data cal error
data pll drift
data por drift
data:sys:volt
data_ sys temp
data_sys curr
data ant curr
data spare anl
data:statug;port
data opto input
data_vco

data pkt buf

data clk qual
data clk pll

data clk 1ltc

data clk drift
data clk lcq
data_m0

data_ml

data m2

data:m3

data m4

data m5
data_seisO_temp
data seisl temp
data:seiso:curr
data_seisl curr
data cal abort
data cal status
data_suppl pos
data suppl neg
data masterfe vco
data_masterfe offset
data slavefe qual
data_slavefe vco
data:slavefe:offset
data batt temp
data_batt cap
data batt dd

data batt chg
data:batt:volt
data bati volt
data batt curr

g330 drate tot
g330_throttle
g330_comm_eff
g330 data gaps
9330 run time
g330 data ltc
g330_pkts proc
g330_pkts badsz
g330_pkts chksm
9330 byts rd24
g330 byts wr24
g330_data gp24
g330_data gpl
g330 _data nl24
g330 data nr24
q330:data:np24
g330 _data ni24
q330_data_ tput
g330 data bufr

76 parameters for each station (64 being used by ANF for USArray)
Waveforms as well as flags, states and alarms
Produced at remote datalogger as well as at data acquisition center



il

wna
{hibgnd
-
b
o,

PC/Windows95
Drum

Recorders

Saudi Arabia
National
Seismic
Network

1997

Data Processing
ORB

dbevents

nt elope Seismic Informatio, Svse
Vsten




SANSN SOH System

* Developed SOH data to encompass:
— Time sampled waveform channels

— Parametric time “snapshots”
— Free form ASCII log messages

* Developed SOH GUIs
— “Traffic light” displays
— Log message displays
— Waveform displays
— Interaction for C&C



|

qtmon: localhost:cd1s localhost:cd1 s

File

wsta
ESS
netsta

ES 3 weather info

00 107171999 17:30:20 21.6 0993.176 001.9 292 47 00.0160 00.0127 00.0160 00.0146
runtm bps c£ cH cE i£ZIMNIE wolt temp Wi

1.9k [Idle [idte [iate [s [s s [23.6 v ][40 ¢ [Tok [Tok |

Z23Im

5.8k [Idle [idle [ldle |3 [s]sza8v]aoc [Tok [Tok |

Z0m 1.6k |ldle

237V

37¢ [Tok [Tk

2Zm 1.4k ldle

23.8 ¥

@1 ¢ [Tok [Tok

2lm 1.8k |Idle |

3
[ 18T T Tz v]ao ¢ [Fok [FokT |

Cl Al Dl

lat

lon

elev qgps

cldrf

cick vco clincy ditncy

na

[Tok [34.149[-118.103 [206m [3D|-3 usec [[L jz041 | 455

13s

na

[Tok [34.149 |-118.103 [209m [3B7| 0 usec [ 2102 455

11s

na

34.149

-118.103

2124

b L

11s

na

34.149

-118.103

2280

das

11s

na

SD_ARBB32

[Tok [34.149[-118.103 [214m [3D7|-2 usec 'L 2039 | 455

11s

Ky

=
#l

19992590 010/17
1999290 (10/17
1999290 (10/17
19992590 (10/17
1999290 (10/17
1999290(10/17
19952590 10/17
19992590010/17
1999290 (10/17
1999290 (10/17
19992590 (10/17
1999290 (10/17
1999290 10/17
19952590 (10/17
19992590010/17
1999290(10/17
19992590(10,/17
19992590 10/17

16316306
la:17:06:
16:42:44:
16356351
15:56:51:
l5:56:51:
16356151
16356354
lo:57 01
16:57:01:
16357301
la:57:01:
la:57:04:
1730007
1732006
17:23:06:
17124106
1r 2506

SD_ARBE3Z:
SD_ARBE3Z:
SD_ARBE3Z:
SO_ARBE3Z:
SO_ARBE3Z:
SD_ARBEB3Z:
SD_ARBEZZ 1
SO_ARBE3Z:
SD_ARBE3Z:
SD_ARBEB3Z:
SD_ARBE3Z :
SD_ARBE3Z:
SD_ARBE3Z:
SO_ARBEZZ 1
SD_ARBE3Z:
SD_ARBE3Z:
SO_ARBEZZ ¢
SO_ARBE3Z:

FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM
FROM

LRy
LR

SYSMOM: Station=BBE3l GoodClock= TEUE Deviation=5
LAT=3403,915 LONG=11806, 154 HEIGHT=20sM DOP=1,0
DOPTYPE=2D Ant OK WISIBLE=10 TRACKIMG=8 STATUS=2D Fix
SAT=15 52 #0R SAT=3 d6 $0A SAT=21 52 $0A SAT=29 53
SAT=25 54 #0A SAT=23 42 #02 SAT=31 47 #0A SAT=1 44
GPS3 Driver Version number O
LAT=3402,914M LOMG=11805,155W HEIGHT=208M DOP=2,3
DOFTYPE=3D Ant OK YISIBLE=10 TRACKIMG=E STATUS=3D Fix
SAT=15 51 #0A SAT=3 46 $OA SAT=21 52 $0A SAT=29 GZ
SAT=25 o #0R  SAT=23 43 #0R SAT=31 48 #0A SAT=1 45
DATE=1999/10/17 TIME=1&:57:00 STATUS=2D Fix

-2 to luszecs during past hour

CLOCK §
CLOCK :
CLOCK :
CLOCK :
CLOCK ;
CLOCK :
CLOCK
CLOCK ;
CLOCK :
CLOCK :
ARSAMFLE ; Clock

LR
LR:
LR
LRy

—0,00011%
—-0.000119

—-0,000113
—-0.000113
=0,000112
—-0,000112

-&
=¥

—0,000001
0,000000

drift from
0, 000005
0, 000003
0, 00000
0, 000003

-G
=
—&
=F

L -8,
Bt

B

Frlnailn
1
o
+

0, Q00000
0, Q0000

0, Q00000
0, Q0000
0, 000000
0, Q0000

0, 000000 0
0, 200000 1

s0A
£0A

£0A
$0R

0, 000000
0, 200000
0, 000000
0, 000000

L S

=

ALL STATIONS

51999290{10f1?)
11999290 (10/17
11999230 /(10/17 3
11999290 (10/17
1999290 (10/17
11999290 (10/17
11999290 (10/17 3
119992590 (10,/17
1999290 (10/17
11999290 (10/17
11999290 (10/17 3
11999290 (10/17
11999290 (10/17
11999290 (10,17
11999290 {10/17
11999290 (10/17
451999290{10f1?)

il

17:17:09:
173117159
17:19:05:
17:20:05:
17:20:06:
1732001
17:20:45¢:
17:21:00:
17321101
17322300
17:23:05:
17:23:06:
17323300
17:24:06¢
17:24:06:
17312401
17325306
17:25:05:

SD_ARSPOZ :
SD_ARSPOZ:
SO_ARSPOZ :
SD_ARSPOZ :
SD_ARBE3Z:
SO_ARLFPZ1:
SO_ARSPOZ :
SD_ARSPOZ:
SO_ARLPZ1:
SO_ARSPOZ:
SD_ARSPOZ :
SD_ARBE3Z:
SO_ARSPOZ
SD_ARBE3Z:
SD_ARSPOZ :
SD_ARSPOZ:
SD_ARBE3Z:
SD_ARSPOZ:

SYSMOM: Station=SD0Z GoodClock= TEUE Dewiation=18

LR:
LR
LRy
LR:
LR:
LRy
LR
LR:
LR
LRy
LR:

0.003724
-0,000142
0,003724
0.,003724
-0.000113
0,000858

—-0.000143
0,000858
—0,000143
0.,003724
-0.000113
—0,000143
—-0.,000112
0.003724
-0,000142
-0,000112
0.003724

0,000002
0,000003
0,000001
0,000002
0.,000005
-0,000001

0,000003
0,000000
0,000002
0,000001
0,000003
0,000003
0.,000004
0,000002
0,000002
0,000003
0,000001

L 53

0, Q0000
0, 000000
0, 000000
0, Q0Q000
0, 000000
0, 000000

0, Q0000
0, 000000
0, 000000
0, Q0Q000
0, 000000
0, 000000
0, Q0Q000
0, Q0000
0, 000000
0, 000000
0, Q0000

0,000000
0, 000000
0, 000000
0,000000
0.,000000
0, 000000

0,000000
0, 000000
0, 000000
0,000000
0.,000000
0, 000000
0, 000000
0,000000
0, 000000
0, 000000
0, 000000

[ iba O a3 8 el 1 N L] [0 N R L Y Y

]

Status: Time: 1993290(10/17) 17:25:46 Gmt: Status latency = 00:00:02




]

qtmon time history: bd

Dismiss

uuuuu

10000

twin {3Buuu

ARBB32 bps

b

ymin |-1000.0

ymax [20000.0

“ Lo - el P YRR (PR SRS TP TRP PRI F1 [ NPRPPIRN IS |
w Pray y Lo A2 el e Bt i e Lol ik

uuuuu

10000

uuuuu

uuuuu

10000

uuuuu

10000

g

ARLP31 bps

ARSPO1 bps

ARSP02 bps

s
i




SANSN — Lessons Learned

SOH encompasses a wide range of
information types

Proper displays can greatly increase
operator effectiveness

Comprehensive SOH information comes
from both the remote sensors as well as
the central acquisition software

SOH information is not important for the
end user or ultimate network mission



-

AFTAC/
SDAS/

Phase Il
2000

ﬁsls Relational Database jogo 3.0

14 day= ndnmomn
Allvwarefirmdata pler calih ration resulls



SDAS Protot

SSS ICS
ARSPO1 K
GS-21 UHEF
VHF
23900 \/SS\Q Repeater/ 55 >
Q?? Hub <F
ARSPO3 k
GS-13
ftg%;;;;i:;7 WIRE LINE
ARLPO1 V ESS
KS54000
WIRE LINE
ARBBO1 _

KS54000

vpe Config

S

Routers, hubs and modems

OMS
Computer

uration

TO/FROM NDC

TO CD-1 Receiver

TO CD-1 Receiver

TO CD-1 Receiver



calconfig: calibration configuration window
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SDAS — Lessons Learned

e CD1is not a suitable format for support of
comprehensive SOH monitoring systems

* Even if we had been required to produce CD1
format out of the remote sites, we would have
used different formats for SOH information and
transmitted that information OOB with CD1 to
implement a comprehensive SOH monitoring
system

* The end users was not interested in most of the
SOH information. The little bit of SOH information
of interest to the end user was inserted into the
CD1 data streams in special data blocks.



NSF/Earthscope/USArray



USArray — Lessons Learned

e Comprehensive SOH monitoring is the key to
producing high quality data for large networks at
a minimum cost

— Over 2 years - 1166 dataloggers, 10,292 physical data
channels at multiple sample rates, about 40,000
channels of SOH waveform data, 8760 instance-days of
software running, 16 Terasamples of end user data (not
including SOH)

— 0 downtime, O lost data due to acquisition software
failures over 2 years

— 99.5% data completeness
— 1 FTE to manage data center O&M
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