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UNAVCO GPS Data Policy

Archiving of data

OPEN DATA POLICY

All UNAVCO-facilitated GPS and other GNSS data and metadata must be archived at UNAVCO

upon collection. Data providers are respo

Accessibility

Metadata will be made publicly avallable when placed in the archive. Da
avallable when placed In the archive, unless an investl

nsible for providing a

data, including sponsor and provider contact information.

that Is specified by the sponsor, typically in the award letter.

Attribution
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DIGITAL OBJECT IDENTIFIERS FOR DATA

Attribution Using Data Set
Digital Object Identifiers

GPS Data Set Citation Summary

Identifier: 10.7283/T5SW66HPD
UNAVCO is publishing DOls for data sets M 1007
] . Authors: M. Meghan Miller, Eugene Humphreys, Roy K. Dokka and Frank H. Webb
(campaign and station). 2001
Publisher: UNAVCO, Inc.
Description: Campaign
home - data - doi Date Range: 1997-06-23 through 1997-07-19
Citation: Miller, M. Meghan , Humphreys, Eugene , Dokka, Roy K. and Webb, Frank H., 2001, Mojave 1997, UNAVCO, GPS Data Set, doi:10.7283/TSW66HPD
Data Set Digital Object Identifier Search Related Publications: Timothy Dixon, Fred Farina, Charles DeMets, Francisco Suarez Vidal, John Fletcher, Meghan Miller, Osvaldo Sanchez, Bertha Marquez-Azua, Paul Umhoefer,

New Kinematic Models for Pacific-North America Motion from 3 Ma to Present: Evidence for a "Baja California shear zone". Geophysical Research Letters.
v.27, p. 3961-3964, doi:10.1029/1999GL900405, 2000.

Mammoth DOl Search M. Meghan Miller, Daniel J. Johnson, Timothy H. Dixon, and Roy K. Dokka, 2001, Refined kinematics of the Eastern California shear zone from GPS
observations, 1993-1998. Joumnal of Geophysical Research. v. 106, p. 2245-2264, doi:10.1029/2000JB900328.

Found 5 Results S. C. McClusky, S. C. Bjornstad, B. H. Hager, R. W. King, B. J. Meade, M. M. Miller, F. C. Monastero and B. J. Souter, 2002, Present day kinematics of the
Eastern California Shear Zone from a geodetically constrained block model. Geophysical Research Letters, v. 28, p. 3369-3372, doi:10.1029/2001GL013091.

Mammoth/Mojave 1994: Mammoth Kenneth E. Austin and M. Meghan Miller, 2002, The co-seismic displacement fields for the 1992 Landers and 1999 Hector Mine earthquakes in Califomnia, from

Citation: Miller, M. Meghan, Golombek, Matthew P., Dokka, Roy K., 1997, Mammoth/Mojave 1994: Mammoth, UNAVCO, GPS Data Set, regional GPS observations. The Hector Mine, California, earthquake of 16 October 1999, Bulletin of the Seismological Society of America, v. 92, p. 1365-1376,
doi:10.7283/T5D798B5 doi:10.1785/0120000931.

Mammoth/Mojave 1994: Combined Sites Data Availability: Available by request

Citation: Miller, M. Meghan, Golombek, Matthew P., Dokka, Roy K., 1997, Mammoth/Mojave 1994: Combined Sites, UNAVCO, GPS Data Set, , , , , . ,

doi:10.7283/T5RF5RZP Data Access: hitp://www.unavco.org/data/gps-gnss/data-access-methods/dai2/dai2. htmiftscope=Campaign;qgroupingMod=Equals:grouping=Mojave 1997 dataStartDate=1997

Jun 23:dataEndDate=1897 Jul 18;

Mammoth/Mojave 1994: Mojave

Citation: Miller, M. Meghan, Golombek, Matthew P., Dokka, Roy K., 1997, Mammoth/Mojave 1994: Mojave, UNAVCO, GPS Data Set, See Also: UNAVCO Data Policy
d0i:10.7283/TSMS3QNP UNAVCO Attribution Policy
Mammoth 1995 Background information, DOI for Data at UNAVCO
Citation: Miller, M. Meghan, Humphreys, Eugene, Dokka, Roy K., Webb, Frank H., 1995, Mammoth 1995, UNAVCO, GPS Data Set,
N L ——————— s
doi:10.7283/T5C8276B

Mammoth/Mojave 1994
Aggregation of Multiple Data Sets

Citation: Miller, M. Meghan, Golombek, Matthew P., Dokka, Roy K., 1997, Mammoth/Mojave 1994, UNAVCO, GPS Data Set,
d0i:10.7283/T57H1GGM
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Table 3.2-1. Geodetic Data Prodcuts for GAGE.

PRODUCT
‘ INSTRUMENT LEVEL PRODUCT FORMAT GENERATION e T
| GPS . Boulder P -f-""""""""""""" UNAVCO UNAVCO FREQUENCY
| . - A w f
| Receiver OPS . Archive Access Standard-Rate {15-sec) raw data TOD Hourly, sub-daily or daily | UNAVCO! UNAVCO
' | High-Rate (1-sps. 5-sps) raw data TOD Hourly (upon reguest) UNAVCO! UNAVCO
A Real-Time raw data BINEX, RTCM Real-tma UNAVCO! UNAVCO
Analvsi GSAC 0 Community continuous raw data Vares Hourly, sub-daily or daily | Community PI's!lUNAVCO
nalysis '
Centyers Access Survey-mode raw data Vanes Varies g‘N;Jnggg“ munity
Metadata Database Varies UNAVCO
Y Standard-Rate quality checked data RINEX Dasly UNAVCO/UNAVCO
A ) High-Rate qualty checked data RINEX Vares UNAVCO/UNAVCO
é‘:zgf gzx\":‘“"‘“m System (GPS) 1 |Real-Time quality checked data RINEX Daily, varies UNAVCO/UNAVCO
Coordinator Community continuous quality checked data RINEX Daty, varies UNAVCO/UNAVCO
Survey-mode (campaign) quality checked data RINEX Daty, vanes UNAVCO/UNAVCO
Station position solutions SINEX Daily, 15-days, 3-months |MIT*, CWU", NMT*/UNAVCC
Staticn positicn time sanes ASCII Daily, 15-days, 3-months |MIT®, CWU*, NMTUNAVCO
. RS DN o ta:: b l:: -"-c'v astimates ASCH e - ' MIT*, CWU", NMT*/UNAVCO
s <[@0CN pOSILCN vaeloQly estimale oL arnes V v VITTTUNAVCO
Archive Access ¥: Staticn position offsets for significant events (e.g. |, .., el MIT* CAWLT NAMT*UINAVEO
COSRISMIC) ASCI Varies AIT*, CWU", NMT*/UNAVCO
Stabten posiicn qua ly assurance paramelers ASCH arnes UNR (Blewilt VUNAVCO
Anajysis UNAVCO Tropospheric Delay Parameters ASCH Daily MIT*, CWU", NMT*/JUNAVCO
Centers Access 20-sps, 1-sps, 10-min raw strain series Bottle, SEED Hourly, daily UNAVCOIDMC®, NCEDC*
30 min, 1 hour instrument health senes Bettle, SEED Hourly, daily UNAVCOIDMC®, NCEDC*
0 1-sps, 30-min environmental seres Bottle, SEED Houwrly, daily UNAVCOIDMC®, NCEDC*
. . Borehocle gecphysical logs, samples Vanes Dunng installation UNAVCOIUNAVCO
Seismic Boulder IRIS DMC IRIS ,
. Borehole Strainmeter (BSM) Staton metadata Database Vanes UNAVCO
OPS Archive Access 2a Corrected and scaled strain and environmental [y, 2con a UNAVCOIDMC*, NCEDC*
sares S A iy, BRREeRYy UNAVCO
2 ’;-;t‘-;:”r:,;frre:ted and scaled strain and environmeantal XML ASCH 4-months \.,Ell:\uuDHr_, NCEDC*
Boulder UNAVCO SAR Station notebooks PDF Vares UNAVCO
OPS Archive 1-8ps raw sain, instrument health, and R )
0 anviro sol saries lce-9, SEED Daly UCSD*/DMC*, NCEDC
Laser Strainmeter (LSM) Staton metadata Database Vares Subawardee (UCSD)
Seamless Correctad and scaled strain and environmeantal AN  ASA o _ AOPCANLLAS RAAE P AL Zr N
SAR 2 seres )\‘u‘ . ."a:v(.c | 8 "-\Et“nly, d‘r"]Urlulﬁ uut‘_r' 'J’Au \\I:.a:_r‘u . UNr‘.v (.;r.)
Archive Station notebooks ASCI Varies Subawardee (UCSD)
100-sps raw data SEED Streaming UNAVCO/DMC*
Borehole Seismometer 0 |200-sps raw data SEED Susrinyg some UNAVCO/DMC®
Boulder UNAVCO Seismic Metadata DATALESS SEED | Varies UNAVCO
OPS Archive 0 |1spsraw SEED, ASCH Streaming, Daly UNAVCOIDMC®, UNAVCO
Pore Pressure Meter
0 1-sps raw ASCI Streaming UNAVCO/UNAVCO
Tiltmeter
Archive 0 Scanner data (raw, proprietary format) Varaes Vares UNAVCO/UNAVCO
S Terrestrisl Laser Seanning (1L - uﬁ I[:-f-cu-d data (merged, algned, georeferenced, |, scil, LAS, other  |Varies UNAVCOIUNAVCO
nierec;
PrOdUCts 3 Point doud data (unfiltered, hitered) ASCII, LAS, other | Sialic NCALM/OpenTopography
and Airborne Laser Scanning (ALS) 3 Oigital elevation medel (unfiltered, filtered) Vares Siatic NCALM/OpenTopography
Services 3 Hillshade image (unfiltered, filtered) GeoTIFF Siatic NCALM/OpenTopography
Satellite Synthetic Aperture Radar 0 Raw SAR sensor data CEQOS, ENV1 Varies (orbit dependent) |ESA, NASA (ASFYUNAVCO™
. - . (SAR) 1 Slant range single look complex (SSC) data COSAR Varies (orbit dependent) |DLRUNAVCO**
. F"e"based data Stre amlng da'ta ...... > Optlonal pathway 0 Temperature, humidty, barometric pressure, other |T0D Hourly/Daily UNAVCO/UNAVCO
Figure 3.2-1. Geodetic Data Services work f!qw. The general!zed workfnoxfa for data systems planned for GAGE, includes 1| Temperature, humidty, baromelric pressure, oer |RINEX Houtly/Dally UNAVCOIUNAVCO
roles of subawardees and partners. The GAGE Facility will develop internal consistency and integration of data work flow to Meteorlogic Sensor Soll moshure, snow depih, snow-waler equivalent, . !
. . . . . . : 2 NLDAS, SNOTEL, vegetation inde ASCH Hourly/'Daily Community Pl (LarsonVUNAVCO
maintain and enhance its core services, to develop a new data system for TLS, to provide improved access to community data “  lorecioaton™ o Ry TR
held at the facility for data users and external partners, and to develop mechanisms to acquire, track, manage and disseminate 2 |Time series, maps, animations Varies Hourly!Dailly Community Pl (LarsonVUNAVCO

products and related provenance metadata that will enable the broadest possible use. Cyberinfrastructure developments
enhance capabilities for data handling, distribution and visualization both within and external to GAGE.

* Supported by UNAVCO subaward. ** UNAVCO re-distributes data 1o authonzed users.
*** Data oroducts are oanerated from combination of GPS observations (multipath). metecroloaic observations, direct scil and veoatation measuwements. etc.
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VOLUMES ARCHIVED & DISTRIBUTED
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eodetic Data Progcuts tor GA

| R
| il PRODUCER/
INSTRUMENT LEVEL PRODUCT FORMAT GENERATION DISTRIBUTOR
GPS . Boulder M- fF -"""""""""""-°- " 9 UNAVCO UNAVCO FREQUENCY
Receiver OPS . L Archive Access Standard-Rate {15-sec) raw data TOD Hourly, sub-daily or daily | UNAVCO! UNAVCO
' High-Rate (1-sps. 5-sps) raw data T0D Hourly (upon reguest) UNAVCO! UNAVCO
A Real-Time raw data BINEX, RTCM Real-tma UNAVCO! UNAVCO
. Community continuous raw data Vares Hourly, sub-daily or daily | Community PI's!lUNAVCO
Analysis GSAC Survey-mode raw data Varies Varies LRI, CORmory
Centers Access PIrS/UNAVCO
Metadata Database Vares UNAVCO
Y Standard-Rate quality checked data RINEX Dasly UNAVCO/UNAVCO
High-Rate qualty checked data RINEX Varies UNAVCO/UNAVCO
A .
g:z:'f g";';?\':' ositioning System (GPS) ' |Real-Time quality checked data RINEX Dady, varies UNAVCOIUNAVCO
Coordinator Community continuous quality checked data RINEX Daly, varies UNAVCO/UNAVCO
Survey-mode (campaign) quality checked data RINEX Daly, vanes UNAVCO/UNAVCO
Non position soluticns SINEX Daily, 15-days, 3 MIT*, CWU", NMT*/UNA
. IRIS DMC IRIS ASCI Daily, 15-days MIT*, CWU*, NMT*UNAVCO
: Staticn position velocity estimates ASCII Varies MIT*, CWU", NMT*/UNA
Archive Access
ton position offsets for significant events (e.g. |, ... o e e e e
‘ coseismic) ASCI vane Al CWU*, NMT /UNAV
Staticn posiicn qually assurance parameters ASCII \Vanes Blewilt YUNAVCO
Anajysis UNAVCO Tropospheric Delay Parameters ASCH aly CWU*, NMT/UNAVCO
Centers Access ool o i — il i
30 min, 1 hour instrument health senes Bettle, SEED Hourly, daily UNAVCOIDMC®, NCEDC*
0 1-sps, 30-min environmental seres Bottle, SEED Houwrly, daily UNAVCOIDMC®, NCEDC*
. . Borehocle gecphysical logs, samples Vanes Dunng installation UNAVCOIUNAVCO
Seismic Boulder IRIS [?MC IRIS Borehole Strainmeter (BSM Staton metadata Database Vanes UNAVCO
L OPS Arch A (=5
ogger ve ccess 2a Corrected and scaled strain and environmental XML ASCI Dalv bi-weekly UNAVCO/DMC®, NCEDC™
saries N—— iy, BRREeRYy UNAVCO
2 ’:-'J;L;n”r:,:;.fne:led and scaled strain and environmeantal XML ASCI 4-monthe \.,I:l:\uuDHf_, NCEDC*
“ Boulder | UNAVCO SAR Station notebooks PDF Varies UNAVCO
OPS Archive 1-sps raw strain, nstrument health, and R )
0 anvironmeanial sastes lce-9, SEED Daly UCSD*/DMC*, NCEDC
S | Laser Strainmeter (LSM) Staton metadata Database Vares Subawardee (UCSD)
eamless O —
_ |Corrected and scaled strain and environmental 1y ascil Bi-weekly, 4-months UCSDYDMC", NCEDC®, UNAVCO
SAR Vi Stries
Archive Staticn notebooks ASCI \Varies Subawardee (UCSD)
100-sps raw data SEED Streaming UNAVCO/DMC*
Borehole Seismometer 0  |200-sps raw data SEED Susrinyg some UNAVCO/IDMC®
TLS Boulder | UNAVCO Seismic Metadata DATALESS SEED |Varies UNAVCO
OPS Archive . MO
Pore Pressure Meter 0 1 sps raw SEED, ASCII Streaming, Daly UNAVCO/DMC®, UNAVCO
0 1-sps raw ASCI Streaming UNAVCO/UNAVCO
Tiltmet
ALS D t T Archive 0 Scanner data (raw, proprietary format) Varaes Vares UNAVCO/UNAVCO
atd Terrestrisl Laser Seanning (1L - ufmu.:enw dala (merged. aigned, georeferenced, |, seyl, LAS, other  |Varies UNAVCO/UNAVCO
PrOdUCts 3 Point doud data (unfiltered, hitered) ASCII, LAS, other | Sialic NCALM/OpenTopography
and Airborne Laser Scanning (ALS) 3 Digital elevation model (unfiltered, filtered) Varies Static NCALM/OpenTopography
servioes 3 Hillshade image (unfitered, filtered) GeoTIFF Siatic NCALM/OpenTopography
Satellite Synthetic Aperture Radar 0 Raw SAR sensor data CEQOS, ENV1 Varies (orbit dependent) |ESA, NASA (ASFYUNAVCO™
: ! : (SAR) 1 Slant range single look complex (SSC) data COSAR Varies (orbit dependent) | DLRIUNAVCO**
) > Flle"based data > Streamlng da'ta ...... - Optlonal pathway 0 Temperature, humidty, barometric pressure, other |[T0D Hourly/Daily UNAVCO/UNAVCO
Figure 3.2-1. Geodetic Data Services work flow. The generalized workflow for data systems planned for GAGE, includes 1| Temperature, humidty, baromelric pressure, oer |RINEX Howrly/Dally UNAVCOIUNAVCO
roles of subawardees and partners. The GAGE Facility will develop internal consistency and integration of data work flow to Meteorlogic Sensor , S0 moshure, snow depth, snow-waler equivalent, | - S
maintain and enhance its core services, to develop a new data system for TLS, to provide improved access to community data “  lorecioaton™ e i s e
held at the facility for data users and external partners, and to develop mechanisms to acquire, track, manage and disseminate 2 |Time series, maps, animations Varies Hourly!Dailly Community Pl (LarsonVUNAVCO
products and rglg?ed provenance m.etadqta Fhat- will enaple th.e b(oadest po§5|ple use. Cyberinfrastructure developments « Supported by UNAVCO subaward. * UNAVICO re-disiributes data 10 authortzed users.
enhance capabilities for data handling, distribution and visualization both within and external to GAGE. *** Data oroducts are oanerated from combination of GPS observations (multioath). metecrolocic observations. direct scil and veoeatation measurements. etc.
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W. HEMISPHERE GPS DATA ARCHIVED

Campaign GPS
vellow)

Continuous GPS
(rec

UNAVCO

Produced by UNAVCO/Mencin 2015



GLOBAL GPS DATA ARCHIVED

Campaign GP Continuous GPS

Collaboration/cooperation with US and international researchers
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DATA MANAGEMENT FOR GPS/GNSS

All products, all levels

e.qg., FTP. Web Services, Plotting Tools

v

v

Functions

rdl " ~N e FTP
N T N o A N N 3 A
Long Term Storage Metadata Data Server
N Archive Database (FTP)
S — T N— A_// \\_T_,/ FTP Level 1
Level 1. 2a. 2b Analysis Centers
(NMT, CWU)
/ \ ~ Level 2a Products
. y

Primary Data Center (Boulder, CO)
* Download

* Translate LO-> L1

>

* Populate database

* Ingest and Archive

* Distribute

* Onsite mirror/backup/failover

GNSS Level 0

Receiver eg. FTP

FTP l Level 2a

Level 2a, 2b ’ AC Coordinator
| (MIT)
 Level 2b Products

<

LDM

Q o

! !

Offsite
Storage Backup
(IRIS Tape)

Offsite Metadata Offs
Database Failover
(FRII Colocation)

(FTP) Failover
(FRII Colocation)

! !

Offsite
Storage Backup
(Amazon Cloud)

ite Data Server

\_ J

Accept Incoming Data
Format, Extract Metadata, QC
Associated Metadata [racking

Archiving for Long-term
Preservation

Data Products and Services

Distribution

Cyberinfrastructure



GNSS
Receiver
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DATA MANAGEMENT FOR GPS/GNSS

All products, all levels

Metadata
Database

LJ Long Term Storage
Archive

Scale

Primary Data Center (Boulder, CO)
* Download
* Translate LO-> L1

Level O
. C
> Q

* Populate database

* Ingest and Archive

* Distribute

* Onsite mirror/backup/failover

e.qg., FIP

(NMT, CWU)

( Analysis Centers
Level 2a Products

evel 2a, 2b ‘ AC Coordinator

J

(MIT)
LDM k Level 2b Products

! !

Offsite
Storage Backup
(IRIS Tape)

Offsite Metadata
Database Failover
(FRII Colocation)

Offsite Data Server
(FTP) Failover
(FRII Colocation)

v v

Offsite
Storage Backup
(Amazon Cloud)

v
FTP l Level 2a

4 N\

.

>
e.qg., FTP. Web Services, Plotting Tools
— i B FTP
—— I /
Data Server ‘
(FTP)
FTP Level 1
\

2. /00 Active Stations

Delivery intervals: Sub-hourly,
—ourly, Sub-dally, Dally, Intermittent

Streams

Data rates (sec)-ChCZa i i 10
|5y S0

~20,000 incoming files per day

~ 0”6 operations per day (e.g.
compress, cp, db request, filter)
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GNSS
Receiver

DATA MANAGEMENT FOR GPS/GNSS

All products, all levels

e.qg., FTP. Web Services, Plotting Tools

< J*

~—
N

- Archive
S—

T —

{

Long Term Storage

v

>

| T Infrastructure

PR A Y B
Metadata Data Server
Database (FTP)
KRF// \__T»J// FTP | Level 1

Level O

e.qg., FIP

> -«

Level 1, 2a, 2b

4 N

Primary Data Center (Boulder, CO)
* Download
* Translate LO-> L1

* Populate database
* Ingest and Archive
* Distribute

<

Analysis Centers
(NMT, CWU)

\ Level 2a Products
| -

Level 2a, 2b AC Coordinator

* Onsite mirror/backup/failover

Q o

(MIT)
LDM  Level 2b Products

'

Offsite
Storage Backup
(IRIS Tape)

\ 4

Offsite Metadata
Database Failover
(FRII Colocation)

Offsite Data Server
(FTP) Failover
(FRII Colocation)

v v

Offsite

Storage Backup
(Amazon Cloud)

/1

FTP l Level 2a

v

» Servers: Physical & Virtual Machines

* RAIDs, Storage Area Network

* Software

» Fallover systems - onsite and offsite
 Onsite and offsite backup

* Cloud services
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DATA MANAGEMENT FOR GPS/GNSS

( w All products, all levels ) | nﬂ/‘astr‘u C‘tu r‘e

e.qg., FTP. Web Services, Plotting Tools

Long Term Storage Metadata Data Server
. Archive Database (FTP)
N— R H__/ S - FTP Level 1
Level 1 2a, 2b Analysis Centers
(NMT, CWU)
f \ Level 2a Products
Primary Data Center (Boulder, CO) FIP Level 2a
* Download
* Translate LO-> L1
Level 0 Level 2a, 2b ( AC Coordinator
GNSS *« QC
Receiver > * Populate database < [ —
&g, FIE p : LDM L Level 2b Products . \
* Ingest and Archive i S A t
* Distribute N Storac
* Onsite mirror/backup/failover 'Vl rt al | Z S Y
J’ \ 4 i i
- Offsll3te y Offsite Metadata Offsite Data Server st Offs[;t € y
ol Database Failover (FTP) Failover orage Backup
(IRIS Tape) (Amazon Cloud)

(FRII Colocation) (FRII Colocation) —
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FUTURE DIRECTIONS AND DRIVERS

UNAVCO GPS Archiving Dataflow Solutions for virtually any use case

archive nodes export node (local > :
Users on the D W -
/
G

Websites Backup and Recovery Archiving Disaster Recovery Development and Test Big Data

incoming

failover incoming

webserver
) [ m— (
m—'_ o
Incoming Data ]
==
High Performance Databases Digital Marketing E-Commerce Media and Entertainment Mobile Services
export node (offsite) Computing

database P
data flow --g——pp

2020: Commercial Cloud Provider?

NSF Science Cloud?
201 [: UNAVCO's Internal “Cloud” Digital Object Identifiers for Data

long term storage long term storage
node A node B

k
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OUTLINE

*UNAVCO Geodetic Data Infrastructure

Open data
Data Management
-

-uture directions and drivers

*Cyberinfrastructure

Web services APls

GSAC

RES Tful services

Collaboration across domains, institutions, and borders
Future directions and drivers

*Data Quality

Metadata management
Techniques for QC and QA
Stations health and data quality
Future directions and drivers




GNSS
Receiver
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Level 0

Long Term Storage

DATA ACCESS & CYBERINFRAS TRUCTURE

All products, all levels

Data Access Traditional

>

e.qg., FTP. Web Services, Plotting Tools

Metadata

Archive

—— B

Data Server

* Data and Products via FTP

 Web User Interfaces For Search

(FTP)

FTP l Level 1

Level 1, 2a, 2b

/

Primary Data Center (Boulder, CO)
* Download
* Translate LO-> L1

e.g., FIP

> &

Populate database
Ingest and Archive
Distribute

Onsite mirror/backup/failover

\

* Visualization

Analysis Centers
(NMT, CWU)

Level 2a Products

FTP l Level 2a
-

<

J

>
Level 2a, 2b ‘ AC Coordinator J

(MIT)
LDM k Level 2b Products

Data Access - Next (seneration

« APls

! !

Offsite
Storage Backup
(IRIS Tape)

Offsite Metadata
Database Failover
(FRII Colocation)

Offsite Data Server
(FTP) Failover
(FRII Colocation)

v v

Offsite
Storage Backup
(Amazon Cloud)

* Cross-domain Standardization



UNAVCO 5

GPS DATA PRODUCT LEVELS

Level 0 " \Raw data from instruments
L 4 |(Metadata for GPS sites, sensors, and raw data
Level | Quality-checked data

[ranslated files (Raw to RINEX)
Metadata for QC, RINEX

Fevel Zd Loosely constrained GPS position solutions and processing files
Metadata for processing

Level 2b GPS time series of daily data in multiple reference frames
M GPS station velocity solutions in multiple reference frames
M Event files (coseismic offsets)
it Metadata for processed data
Level 3 saenmet_ === Derived products from processed data from the geodesy

community




DATA AND PRODUCT ACCESS

Data Access
' ‘ = e DA Web GUI — view metadata PS RaW da-ta -th rOugh produc-ts
Raw (Level 0) download data via data cart
GSAC Web GUI - view metadata . : :
RINEX (Level1) Sefk T S en e ace . Products avallable as files by direct ftp or
| GSAC API - scriptable metadata th rough web Ul data cart
obs, nav, QC file access
Met —
R . = » Products available via web services: time series,

GAGE metadata and file access

reformatting

Processing

- R
SINEX (Level 2) )

Position (Level 2)

Velocity (Level 2) =
Database

Contributed Visualization
Products REST web services API —
scriptable metadata and level 2 . : :
UNR QA data access - Metadata accessible through web services In

Metadata viewable through web user interfaces

UCB H20

csv, SINEX, site log XML, [SON



UNAVCO

SPBG - Site detail page
Monument/Site SPBG Barrier Glacier

Networks Latitude: 61.2592

Elevation: 1094.06 m

Anchorage
Archived File Metadata ] .
PI, Funding, Contact | 300|km
Site log I 1
QC Stats 200 mi

Type: Station - Active Cook

Position Timeseries

Citation/Attribution Equipment and Configuration History

Double-click on a row to see the configuration synopsis for that occupation.

Start Time v End Time Receiver Receiver Serial Receiver UNAVCO ID

2012 Nov 16 22:55 2014 Oct 20 20:03 TRIMBLE NETRS 4850161919 not provided
2011 Aug 08 01:30 2012 Sep 27 20:42 TRIMBLE NETRS 4850161919 not provided
2004 Sep 08 04:45 2011 Jul 24 22:43 TRIMBLE 5700 0220273656 not provided

Firmware
1.3-0
1.3-0

1.2

Open in new window =Jix)

© 2015 HERE, © 2015 Microsoft Corporat...

Antenna
TRM41245.00
TRM41245.00
TRM41245.00

P

Antenna Serial
60261108
60119982
12300046

ACCESS EXAMPLES

Select stations

View metac

m Data Archive Plotter
ﬂ (alpha release)

Display time: 2752 ms

1 Load Datasets o Clear Datasets J

P0O90 P127 Load time: 4 ms

Dynamic Multi-Position Timeseries w/ Config Changes CSV Data

Reset Y-values | Options... | Help...
North
48 -4 40

20

169 230 291 353 049 109 170 231 292 354 050 110 171 232 293 355 051 111 172 233 294 356 051 111 172 233 294 356 052 112 173 234 295 357 053 113 174 235 296 358 054 114 175 236 297 359 054 114

INnteractive

plotting

O ¢

() . http:{{facility.unavco.orgfdatajdaizjapp/dai2. htrl#4CharStart=p1;;scope=Station;sampleR ate=normal

. DAI Search: 4CharStart=p1;;scope=...

Search

Reset UNAVCO

User Feedback Help

—0

Visualization

lobal Searc ptions - iti
Global Search Opti Data Archive Interface Maps - GPS Velocities
Site Type: (o) Stations |_)Campaign (Al Current results: 98 items
N VA ey yuegy, z GPS Data:
E Metadata Metadata Options .= L+ 2 Map | Satelite | Hybrid T!f'lermm | :
Tand Teton (T4 e Data Source
| Clear || %] | 4chID 14 interval name lat lon earliest data latest data site type |4 vy . < -
4-char ID(s): — { ] ]/f%if UNAYCO GPS velocities, IGS08 v
oL @ P100 15.0 sec ParkValleyUT2007 41,8568  -113,2942 2007 Mar 29 01:55 2011 Sep 04 23:59  Station | |T|->| < e . A0 Velociies (ectors)
<JE c
P101 15.0 sec RandolphLLUT2005 = 41,6923  -111,236 2005 Sep 03 00:00 2011 Sep 04 23:59  Station [l ®on Ooff
Site/Marker Name: E K2 : .
a P102 15.0 sec LittleBaldNv2006 39,9249 -115.556 2006 Oct19 23:22 2011 Sep 04 23:59  Station Velocities (vectors) color
P103 15.0 sec RedKnolls_UT2008 39,3451  -113.0421 2008 Jun 16 17:31 2011 Sep 04 23:59  Station = y |Loreen &
Network/Campaign: d velocity vector size scaling
feal [+] [ - | size 3 (original) v
o - . ) Station labels with data boxes
E spatlal Spatial Options .= . *) V O @ of
i ) Terrai v 4 2% Velocity vector error ellipses
Radius — Rocky Mountainii iy P
Nosonaiparkd O on @ off
Draw box... | | Clear | = N S
N ] Tectonic Plate Boundaries:
43,2681 Oon © off
w -126.8543  -108.7049 ¢ . R i
T eaienn | E] N, SantaRosa  oSacra ento 1 . e i Earthquakes
. N S s E ¥ ) d Canyon 4
. \ . %% }ia /i of the Gunnion | no earthguakes plotted v
> ) St ﬁ-——*ﬁmu Park g ) Volcanoes and volcanic features
. ——— PO L =, )
e ST Do O
D dnalose L J\ £ Yolcano labels
e o K .
N Fresno ﬁmf‘;m R i <’ Oon ©off
S as Vegas
PO s 1) > 0y )
\ > ! Henderson How many sites to show (declutter)
R show 1in 10 v
K Draw map
Sl 4 Mexico
Powmmsvle 200 mi o5 oAl k.. 1 ¢ / RN,
“8 200 km v Map data ©2011 Europa Teshnologies, Google, INEG! - Terms of Lse s Phoenix k : r’ ; ]
: : - o " & Start over
o ;
o o Chandler 4 X
S5 W nite Sinds
‘ Temporal Temporal Options =)L+ San Diego 0 =4 o Mexicali L] . Netonel -
o uuana) Tuceon R s Monunent
. T O o) Las Sruces
P P100 |5 y
Draw window... | | Clear | 100 100 B S X Organ Pipe Cactus & 2 F S
e P101 P101 mmml P Ensenada 5; National Monument €. Y Sivdad
— Go l — X o o
Start: 2004 Mar 23 [ g P02 P102 2 prye= I . § Map,data @2013 Ggagle, INEG - T/NAT82)-.
P103 P103 - A epe I
to GPS Velocities (from UNAVCO GPS velocities, IGS08)
Wrrywres P104 oD P104
End: 2011 Oct 02
" e P10S P10S ; Velocit . 5 Vertical Speed (mmiyr)
7 Velocity vector - ﬁﬁﬁﬁﬁﬂﬁ%. AT T
GPS S 5 e 2 3 VWOGSIGIEE
P06 P106 GPS Symbols @7 and error ellipse EoN MO ;L;L;L} L v[_s»ku;‘:;o‘
P107 p107 v i 25 mmjvear speed scale vertical velocity ¥ +'d obwitl = b
P108 P108
P109 P109
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 M

N franboler — 38

Frans-MacBook-Air:~ franboler$ fusr/bin/curl

http://www.unavco.org/ws/gps/data/position/P109/beta?re

fframe=snf@l\&starttime=2013-01-01T00:00:00\&endtime=2013-01-05T00:00:00
# P109 columns: date, north mm, east mm, vertical mm, north std. dev. mm, east std. dev. mm, vertica

1 std. dev. mm

2013-01-01T00:00:00, -16.74, -62.82, 10.85,
2013-01-02T00:00:00, -15.79, -68.09, 14.67,
2013-01-03T00:00:00, -16.90, -62.72, 10.36,
2013-01-04T00:00:00, -16.13, -65.85, 10.09,

1.18, 1.10, 4.26
1.22, 1.13, 4.42
1.17, 1.09, 4.22
1.21, 1.13, 4.43

2013-01-05T00:00:00, -16.45, -62.60, 9.05, 1.24, 1.13, 4.47

Frans-MacBook-Air:~ franboler$ ||

Web service c

elivers time serles
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WEB SERVICES APl FOR DATA SEARCH

>>>/usr/bin/curl http://facility.unavco.org/gsacws/gsacapi/site/search/
sites?output=site.csv\&site.type=gnss.site.continuous
\&site.interval=interval.normal
\&bbox.north=59.42\&bbox.south=59.32\&bbox.west=-153.6\&bbox.east=-153.3

Users on the Users on the

Internet Internet

—

Z

results

Capabilities Results
Queries

Repository Implementation
Java Code

Application Server (Jetty, Tomcat)

N N

Geodesy Data Center

Repository ’—\] Repository
Database | ¥|File System y

. A<

Geodesy Seamless Archive Centers (GSAC)

Data Repository Architecture

#fields=ID[type='string'],station

AV17,AugustinNWAK2006, 59.
AV18,AugvNorth_AK2006, 59.
AV19, AugustinSEAK2006,59.
AV20,Augs_SouthAK2006, 59.

4039,-153.
3804,-153.
3549, -153.
3474,-153.

Retrieve station metadata

Site/Resource Results — HTML, JSON, [ name[type='string'], latitude, longitude,ellipsoid height[unit="m"]
Queries CSV, data file URLs, etc. AUGL,Augustine Volcano Lower Mound,59.3703,-153.3539,104.0157
GSAC AVO1,AVO1AUGST _AK2004,59.3585,-153.4608,487.2244
7 AV02,AV02AUGST AK2004,59.333,-153.4284,229.7855
Query Output AV03,AVO3AUGST_AK2004,59.3813,-153.4378,360.1705
Handler Handlers AV04,AVO4AUGST _AK2004,59.3626,-153.4447,915.9493
Data file AV0@5,AVO5AUGST_AK2004,59.3629,-153.4227,1036.6063
GSAC Service Layer Java Code downioads via AV11,Augs_MoundAK2006,59.3706,-153.3547,114.395
ey 4 AV16, AugvLagoonAK2006,59.3859,-153.535,24.857

4514,28.885
4368, 366.697
4143,646.938
4282,541.69
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WEB SERVICES FOR DATA ACCESS

Users on the Users on the
Internet Internet >>>/usr/bin/curl http://facility.unavco.org/gsacws/gsacapi/file/search?file.sortorder=descending\&
- — \ \&site.type=gnss.site.continuous\&file.type=gnss.data.rinex.navigation\&file.type=gnss.data.rinex.
Site/Resource Results — HTML, JSON, ‘|| \&file.datadate.from=2014-07-25\&file.datadate.t0=2014-07-25
Queries CSV, data file URLs, etc. #fields=site_4char_ID[type='string'],Data_Typeltype='string'],MD5[type="'string'],FileSize[unit="by
GSAC HH:mm:ss'],URL[type='string'],dataStartTime[type="'date' format='yyyy-MM-dd HH:mm:ss'],dataStopTime
— S HH:mm:ss'],sampleIntervallunit="s"]
g Query Output # Comma-separated value file. Missing metadata values have nothing between commas.
g Handler Handlers # Generated by UNAVCO GSAC on 2015-05-25 18:00:31 +0000
a5 : Datafile CHIS,GNSS RINEX Observation (Hatanaka Unix Compressed),1a4601f5e68f144485a0252044fd0ea2,834349,20
§ | GSAC Service Layer Java Code Rl soies | 2014/206/chis2060.14d.Z,2014-07-25 00:00:00,2014-07-25 23:59:30,30.0,
‘g from GSAC CHIS, GNSS Navigation,72ef3c6dc2034160dadae/fbb439c5fd,38070,2014-10-29 00:00:00,ftp://data—out.una
c [Capab""'es J[ | WRGS""S results 00:00:00,2014-07-25 23:59:30,30.0,
% A CHIS,GNSS Navigation,94fcf8be653a6c5db18a89d534fae230,37599,2014-10-29 00:00:00,ftp://data—out.una
'(.% Repository |mp|ementati0n 0@:@@:0@, 2014-07-25 23:59:30, 3@-@,
% Java Code CHIS,GNSS RINEX Meteorology,593448712f76cec832b5a4661bf4e5bd,19038,2014-10-29 00:00:00,ftp://data-
g < AN 2014-07-25 00:00:00,2014-07-25 23:59:30,30.0,
Repository —"\| Repositor
Da‘:abasey NV Filepgysterzl &
R R
Geodesy Data Center
Geodesy Seamless Archive Centers (GSAC)
sttt et bkl Retrieve data/product files metadata and URL




Users on the

Internet
Site/Resource Results — HTML, JSON,
Queries CSV, data file URLs, etc.
GSAC
7
Query Qutput
Handler Handlers

GSAC Service Layer Java Code

S AN
Capabilities Results
Queries

Repository Implementation
Java Code

Application Server (Jetty, Tomcat)

Repository H Repository — ||

,,,,,,

Database File System

Users on the
Internet

Data file
downloads via
URL supplied
from GSAC
results

Geodesy Seamless Archive Centers (GSAC)

Data Repository Architecture

Cross-Institution Federation

DATA ACCESS: FEDERATION

WITH WEB SERVICES

Query
Handler

Output
Handlers

GSAC Service Layer Java Code

Capabilities

Queries

Results

Repository Implementation
Java Code
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RES TFUL WEB SERVICES FOR PRODUCTS

200w/ Miue LiSLvperauuns CaApdiiu vpeiduuns naw

gps : GPS Services Tryitout! | Hide Response

ﬂ /gps/data/position/{station}/v1

Get the position time series for the specified station.

Request URL

Implementation Notes
Retrieves the daily position time series for the station identified by four character id.

http://web-services.unavco.orqg:88/qgps/data/position/P378/vi?referenceFrame=namdB8astarttime=2006-01-01T00%3A00%3A00&endtime=2012~0:

Returns: DateTime, North(mm), East{mm), Vertical(mm), North Std. Dev.(mm), East Std. Dev.(mm), Vertical Std. Dev.(mm), Solution Re sponse Bo dy

Response Class # P37B: DateTime, North(mm), East(mm), Vertical(mm), North Std. Dev.(mm), East Std. Dev.(mm), Vertical Std. Dev.(mm), Quality

string 2007-06-27700:00:00, -21.55, -11.61, -1.73, 3.74, 2.27, 10.70, repro
2007-06-29700:00:00, -21.10, -12.62, -9.94, 1.78, 1.38, 5.85, repro

Response Content Type | text/csv B

Parameters 2007-07-01T00:00:00, -22.11, -12.95, 3.07, 1.58, 1.24, 5.21, repro
, _ 2007-07-03T00:00:00, -22.29, -13.70, 2.36, 1.46, 1.15, 4.B1, repro
station [P378 Yool S e 2007-07-04700:00:00, -21.81, -13.69, 2.97, 1.47, 1.16, 4.84, repro
2007-07-05T00:00=°01 -21-72' ‘12.76' -2-23' 1.85' 1-42' 6:00' !ep!o
f F The ref frame. i
referenceframe | namos [ ® reterence frame =y string 2007-07-06T00:00:00, -21.53, -13.42, -1.51, 1.62, 1.30, 5.36, repro
starttime 2006-01-01T00:00:00 An ISO 8601 datetime query Date 2007-07-07700:00:00, -21.07, -12.97, -1.37, 1.71, 1.37, 5.64, repro
’ indicating the start of the 2007-07-08T00:00:00, -22.30, -13.29, -0.78, 1.64, 1.34, 5.47, repro
search range.
2007-07-09T00:00:00, -22.11, -12.38, -1.04, 1.44, 1.17, 4.79, repro
endtise 2012-03-01T00:00:00 et oy Date 2007-07-10T00:00:00, -23.06, -12.40, 0.82, 1.81, 1.44, 6.01, repro
indicating the end of the
search range. 2007-07-11700:00:00, -22.08, -14.33, 7.00, 1.69, 1.34, 5.61, repro
S 08601 (defeut) [ R e ring 2007-07-12700:00:00, -20.96, -12.88, 0.04, 1.91, 1.51, 6.33, repro
uniprocthistheno.of 2007-07-13T00:00:°0, -21-97' -13089' 2-76' 1.92' 1-54' 6.‘1' repro
Ml 2007-07-14700:00:00, -23.45, -13.71, 7.51, 1.85, 1.47, 6.13
1970-01-01T00:00:00. —ti= e e
tdDevR Provides th I lculated
e false (default) &) b;"a"(',df;ga‘;;"‘sjgfr;ig:;f’ weny D 2007-07-16T00:00:00, -22.31, -13.14, 5.29, 1.89, 1.50, 6.27, repro
standard deviation from each 2007-07-17700:00:00, -22.94, -12.67, 5.35, 1.96, 1.55, 6.51, repro
i lue.
corresponding value 2007-07-18T00:00:00, -22.96, -13.49, 5.19, 1.94, 1.53, 6.41, repro

Response Messages

i Retrieve Position Time Series, Velocities, or Metadata




UNAVCO
\/ FUTURE DIRECTIONS AND DRIVERS

Cyberintrastructure for Interoperability

COOPEUS » Cross-instrtution (GSAC in the US:

WS L L Cube SOPAC, CDDIS, UNAVCO)

GROUP ON Geohazard Supersit e
| —€D FARTH OBSERVATIONS | & Natural Laboratories » Cross-borders (GSAC within EPOS:

N France, Italy, Greece, Iceland, Spain. ..)
8 : $
NER W S R

\ v o ) '\ oD

(N '

(GSAC within Regional Data Centers

COCONet, TLALOCNet)
EUROPEANPLATEOBSERVINGSYSTEM ~ * Cross-domain (EarthCube, COOPEUS,
and GEO)
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OUTLINE

*UNAVCO Geodetic Data Infrastructure

Open data
Data Management
-

-uture directions and drivers

*Cyberinfrastructure

Web services APls

GSAC

RES Tful services

Collaboration across domains, institutions, and borders
Future directions and drivers

*Data Quality

Metadata management
Techniques for QC and QA
Stations health and data quality
Future directions and drivers




l Search l | Reset)

Global Search Options [+|

Site Type: (o) Stations | Campaign | All

ENGINEERING METADATA MANAGEMEN T

UNAVCO,_

Data Archive Interface v2

Current results: 126 items

User Feedback Help

Side Panel

Download Cart

| Invert selected I Refine to selected l

: Summar
Metadata Filters: On o  Off S - y
LACR - Site detail page Open in new window (=) (X
Clear 4chID 1 a4 interval name lat lon eariest data latest data o - .
4-char ID(s): (Clear) Monument/Site LACR LACR_BRGN_NVZOO6 i SN
| LAD2 20,0 sec LAD2 -84,6395  -150.1046 2010 Dec 06 00:00 2014 Mar 02 23:59  Antarctica PI Continuous 8 S5 ‘§, a ,;5:,,
sz Networks Latitude: 40.8507 = . £l
) LADS 15.0 sec LAO9 -84,2475 -153.6409 2010 Dec 06 00:00 2013 Dec 09 23:59 Antarctica PI Continuous N . . Lonaitude: -115.7038 ) Wyoming
Site/Marker Name: Equipment & Configuration grude: ' Ty g
LACE 15.0 sec LACE 39,4575  -120.4417 2007 Jun 07 00:00 2012 Sep 24 00:00 MAGNET _ Elevation: 1666.00 m MR 4
o ) )
Networkd Campaign: (LACR | 15.0sec LACRBRGNNVZ0DS | 40.8507  -115.7038 2006 Nov 14 21i36 2014 Jun1223i59  Nuceus-BARGEN, Nudeu : B0 Statien Quanizu Bags
PRO Station Photos Page
. LAEL 30.0 sec University of Technole  -6.6737 146,9932 2010 Sep 01 00:00 2012 Apr 29 23:59 1GS PI, Funding, Contact ite |
u Site log X 47
LAFE 15.0 sec Finca La Fe 98071 | -84.9603 2009 Jul 06 19:41 2014 Jun 13 23:59  Costa Rica QC Stats _ ) FEyEREoBY -Cal\u?c'frhia st
. " A Type: Station - Active Map*ﬁ&a 2014
LAJA 15.0 sec Laguna del Laja -37.3855  -71.3764 2010 Jan 01 00:00 2013 Dec 09 23:59  CAP Andes Position Timeseries — il ¢
LAKE 15.0 sec LAKE 39,9361 -119,3753 2006 Jul 07 00:00 2013 Jul 10 00:00  MAGNET Citation/Attribution Archived File Metadata
LAMA 30,0 sec LAMKOWKO 53,8924 20,6699 2010 Sep 01 00:00 2014 Jun 13 23:59  IGS Showing 2768 files for configuration period: L Entire data history v |
LAND 15.0 sec LAND_SCGN_CN1999 35,8998  -120.4733 1999 Aug 25 20:07 2014 Jun 12 23:59  Nucleus-SCIGN, Nucleus Start Time v  End Time File Name a
LANT 15.0 sec’ LANT 38,5147 -119.4839 2005 Oct 03 00:00 2013 Dec 13 00:00  MAGNET 2014 Jun 12 00:00:00 2014 Jun 12 23:59:45 |acr201406120000a eph ion mes r
2014 Jun 11 00:00:00 2014 Jun 11 23:59:45 12cr201406110000a eph ion mes
: _ - 2014 Jun 10 00:00:00 2014 Jun 10 23:59:45 lacr201406100000 hi
Spatlal Fllters: OI'I . Off H‘ un un acr a eph 1on mes
—— 2014 Jun 09 00:00:00 2014 Jun 09 23:59:45 lacr201406090000a eph ion mes
Radius CME - 2014 Jun 08 00:00:00 2014 Jun 08 23:59:45 lacr201406080000a eph ion mes
| Prawbox... | | Clear | NL 2014 Jun 07 00:00:00 2014 Jun 07 23:59:45  |acr201406070000a eph ion mes
M ON ac ‘ 2014 Jun 06 00:00:00 2014 Jun 06 23:59:45 lacr201406060000a eph ion mes
- e 2014 Jun 05 00:00:00 2014 Jun 05 23:59:45 lacr201406050000a eph ion mes
D ¥
w E N iR f e by 2014 Jun 04 00:00:00 2014 Jun 04 23:59:45 lacr201406040000a eph ion mes
< i /T 1 ME 1
=0 W fai Nv. \NHNS 2014 Jun 03 00:00:00 2014 Jun 03 23:59:45  lacr201406030000a eph ion mes
S 1A
S};EQ L M. PA \\MA 2014 Jun 02 00:00:00 2014 Jun 02 23:59:45 lacr201406020000a eph ion mes
ates 'i : Cr,
KS MO Ky VY. H \o\' ! h 2014 Jun 01 00:00:00 2014 Jun 01 23:59:45 lacr201406010000a eph ion mes
b7 £ INJ Nort
ok (AR . 1L ..'/ “NC ) Atlantic 2014 May 31 00:00:00 2014 May 31 23:59:45 lacr201405310000a eph ion mes
MS SC
'go '-\ X e an Ocean 2014 May 30 00:00:00 2014 May 30 23:59:45 lacr201405300000a eph ion mes
WERED BY 7 3
W 1000 mi i e o 2014 May 29 00:00:00 2014 May 29 23:59:45  |acr201405290000a eph ion mes {_|
1000 km Californial. . . Gulf of |V
| < nm | l » ‘
Temporal Filters: On o  Off * |
. LADZ 0—aD——aD——an—o
| Draw window... | Ll.‘,learJ
LADG _— —-
Start: A [E] vace - -
. o | |
End: e LAE1 [
LAFE [ D o o
LAJA
LAKE D 0D OD m O m m o
LAMA —
LAND DD ODHD-D—D-0 o RO — - o o
1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 5 ol e i
B Station © ¢ f

Add files

0.0b

Attention to Engineering Metadata

» |Installation standards ("'pre metadata™)

« Definrtion

» lools to gather

* [Iimeliness

* Business rules

 Automated consistency checks

 Human verification
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Submitted By:
4 CHID:
Station Name:
Site Network:
Project:

City:
State/Province:
Country:

Tectonic Plate:
Help

Decimal Degrees Latitude:
{Boulder, CO is 40.000 N)

Decimal Degrees Longitude:

(Boulder, CO is -105.267 V)

Elevation:
{meters)

Receiver Model:
|GS Definitions

Date Installed:
MDD Y Y'Y UTC conversion

Serial Number:

UNAVCO ID:
Firmware:

Elevation Cutoff:
(degrees)

--Select One--

--Select One--

--Select One-- +

--Select One-- v

--Select One-- v

--Select One--

MMDD/YYYY

T00:00

{4 March 2010 »»

Z S M T W T F S
28 1 2 3 4[5]s6
7 8 9 1011 12 13
14 15 16 17 18 19 20
21 22 23 24 25 26 27
28 29 30 31 [11[2113

Type "N/A" if no S/N exists

Type "N/A" if no UVID exists

Date Monument Established:
MMDDA Y Y'Y HH: MM UTC conversion

Monument Type

Marker Type

Monument Description:

IERS DOMES Numbe

Antenna Model:
IGS Definitions

Date Installed:

M/DDAY Y'Y UTC conveysion

Serial Number:

UNAVCO ID:
Height:

{meters)

Position/Measurement Type:

Radome Model:
|GS Definitions

Radome Serial Number:

METADATA ENTRY TOOLS

MMDD/YYYY

T00:00

--Selert One--

--Select One-- v

FSNAY GNSS-300
FSNAY GNSE-300T
JSNAY R100 OLD
JSNAY R100-30
JSNAY R100-30T 12
JSNAY R100-30T 2
JSNAY R100-40
FSNAY R100-40T 12
JSNAY R100-40T 4
JSNAY R101 OLD
AOA BENCHMARK ACT
AQA IC5-4000Z
AOQA |C5-4000Z ACT
ADA RASCAL-12
AOQA RASCAL-S
ADA SNR-12 ACT
AOA SNR-8000 ACT
AOA SNR-8100 ACT
ADATTR-12

ADA TTR-4P
ASHTECH 3DF-XXIV
ASHTECH D-XlI
ASHTECH G-XlI
ASHTECH GG24C
ASHTECH L-XII
ASHTECH LCS-XII
ASHTECH LM-XII3
ASHTECH LS-XII

ASHTECH M-XII v

z

Type "N/A" if a DOMES Mumber does not exist

--Select One-- v

--Select One-- v

{4 March 2010 »»

M T W T F S
1

2 3 4[5]s6

8 9 1011 12 13
14 15 16 17 18 19 20
21 22 23 24 25 26 27
28 29 30 31 BN

S
28
7

Optional

{4 March 2010 w»»

7 S M T WT F §
28 1 2 3 4[5]s
7 B 9 10 11 12 13
14 15 16 17 18 19 20
21 22 23 24 25 26 27
28293031123

Type "N/A" if no S/N exists

Type "N/A" if no UVID exists

Type "N/A" if no S/N exists

e

Tools to facilitate

 [Imeliness

Business rules
Internal consistency checks

Standards



METADATA ACCESS

e il UBISEMVALLUN DALA U (Lr3) MANLX WENSLUN
tege 20108acx4 UNAVCO Azchive Ops 20100307 02:07:48UTCHGH / RN BY
Solaris S5.101UlcraSparc IIIilcc =-xarch=v9 SCS.8|=+|"Sparc COMENT
BIT 2 OF LLI FLAGS DATA COLLECTED MDER A/S CONDITION COMmENT
ALUT MGHER N
RARER NUMRER
Robert B. Saith University of Utah OBIERVER / AGEN -~ Wh : h ' h -
4535250351 TRINBLE WETRS 1.1-3 REC # / TYIE 1 -t -t -t -t
4535258091 TIE MO8 C ¢ / TIR cn Is the rig INESIGNJEEETE
=1788072.1001 -4511503,.4868 4129277.08016 APPROX POSITION
0.0000 0.0000 0.0000 ANTENNA: DELTA M1 ’?
ALUT Site formati Form (2ite 1049 1 1 VAVELENGTH FACT metada-ta-
sRternational OF ervVioe 7 Ll L2 Cl Fa Fl sl 32 # / TYPES OF o233
¢¢ Instructions ats 30. 0000 INTERVAL
t L0 LGPCh,. 1PL. 0885, 0 pub/atation/general/2itelRIEEX file created by UNAVCO GPFS Axchive. COMENT
For more information contact archivethmavco.org comeENT
Fornm Bomment ID: 19258 COoMmENT
UNMAVCO 4-char nane: LUT COMNENT ' ' 7
Frepared by (full name : jpan Jeffries 4-char nane from Log or data file: ALUT CoMmENT o Where ShOUld rt be Obtalned.
ate Prepared : i Bomament location: 40.50390772 =111.620214088 20824.077 COMENT
e » foms . FOATE Visic ID: 86961 ComENT
¢ Updates End of DB coaments CONMENT
Previous 2ite Log s alue 3 60907 . 1og SR 17 napped to RINEX snr flag value [0-9) ComENT
Modified/Added Sections 1 (BB, 008,000 Ll ¢ L2: min(max(int(mnz_di¥z/6), 0), 9) cormeENT
2010 ) L3 0 0 0. 0000000 S TINE OF FIRST
L ¥ I ANTS
ité SeRTtiItiCAT: T Thé N MO N 00 Y
ite Nane ALl Eat
J Raracte A g
M ment I R8P Ot
=5 UM Mapnibhe -
U Numbet I (A8 R __#fields=ID[type='string'],station_name[type='string'], latitude, longitude,ellip_height[unit="'m'],monument_description[type='string'],IERSDOMES [type="'string'],session_start_time[type='date' format='yyy
v ;.nm;: uf-.f_;-_ : . ©OTRTRIERE SRRV WY MM—ddTHH: mm: ss zzzzz'],session_stop_time[type='date' format='yyyy-MM-ddTHH:mm:ss zzzzz'],antenna_type[type='string'],dome_type[type='string'],antenna_SN[type='string'],Ant_dZ,Ant_dN,Ant_dE, receiver_t
welig . Cl"."“m‘ : h . N eltype='string'],firmware_version[type='string'], receiver_SN([type='string'],sample_interval,city_locale(type='string'],state_prov[type='string'],country([type="'string'],X,Y,Z,agencyname[type="'string"']
:f i ; T N etpackname [type='string'],metpackSN[type='string'],site_count
oo . - # Generated by UNAVCO GSAC Repository on 2015-83-31T15:42:29
"‘:‘”: S :"z" . . “'?’Wﬁ # Missing times (no characters) may mean 'not removed' or 'no change.'
2 B ] - ;:;?; L E Y1T.1 .i~ . e # The CSV convention for point data is CF for CSV. See http://ramadda.org/repository/entry/show/Home/RAMADDA+Information/Development/CF+for+CSV?entryid=23652828-c6T4-482b-bb2f-041daeld542e
' 1;.f-,, . :c S ) :';”A. ";:;"'1]];' “T1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2003-04-23T00:00:00,2003-12-05T723:59:45,ASH701945E_M, SCIS,620024327,0.0000,0.0000,0.0000,ASHTECH UZ-12,CN00O,2200252004,
= Lo PP ) ;q}f}r e wr;;ﬁy];;,aaton Rouge,Louisiana,United States,,,,,,,1
Tf".'f o = ff':” 5“"""'“‘1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2003-12-06T07:36:15,2005-06-15T23:59:45,ASH701945E_M, SCIS,620024327,0.0000,0.0000,0.0000,ASHTECH UZ-12,CN00O,2200252006,
;" _ ':C-CLJ-; ’ ol ‘V’:‘;;t ) ?-c " ,Baton Rouge,Louisiana,United States,,,,,,,1
' 3"__; iy ‘3"j ) ;J' ) . ' c; 1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2005-06-16T21:10:40,2005-09-08T23:59:59,ASH701945E_M, SCIS,620024327,0.0000,0.0000,0.0000,ASHTECH UZ-12,CQ00,2200252006,

D A a . =ity ) -y . ,Baton Rouge,lLouisiana,United States,,,,,,,1

ELLLUNELS. JRLULIE. ' EELLLPLE LIS 1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2006-05-12T00:00:00,2006-11-10T723:59:30,ASH701945E_M,SCIS,620024327,0.0000,0.0000,0.0000, TRIMBLE NETRS,1.1-3,4549261264
®,Baton Rouge,Louisiana,United States,,,,,,,1
1LSU,Louisiana State University,30.4074,-91.1803,
®,Baton Rouge,Louisiana,United States,,,,,,,1
1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2008-06-23T717:20:30,2008-11-19T16:59:30, TRM57971.00,NONE, 30765370,0.0000,0.0000,0.0000, TRIMBLE NETRS,1.2-0,4635120813,3
Baton Rouge,lLouisiana,United States,,,,,,,1

1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2008-12-10T12:00:00,2009-07-26T723:59:30, TRM57971.00,NONE, 30765370,0.0000,0.0000,0.0000, TRIMBLE NETR5,3.64,4807K53479, 30
aton Rouge,lLouisiana,United States,,,,,,,1

1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2009-07-27T700:00:00,2010-04-11T712:59:30, TRM57971.00,NONE, 30765370,0.0000,0.0000,0.0000, TRIMBLE NETR5,4.03,4807K53479, 30
aton Rouge,Louisiana,United States,,,,,,,1

1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2010-04-14T716:00:00,2010-08-25T723:59:30,TRM41245.00,NONE,60104339,0.0000,0.0000,0.0000, TRIMBLE NETRS,1.2-0,4635120799,3
Baton Rouge,lLouisiana,United States,,,,,,,1

1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2010-08-26T00:00:00,2014-01-14723:59:30,TRM41245.00,NONE, 60104339,0.0000,0.0000,0.0000, TRIMBLE NETRS,1.3-0,4635120799,3
Baton Rouge,lLouisiana,United States,,,,,,,1

1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2014-01-15T00:00:00,2014-07-08T10:59:30, TRM57971.00,NONE,5000117882,0.0000,0.0000,0.0000, TRIMBLE NETR9,4.81,5201K41202,
,Baton Rouge,lLouisiana,United States,,,,,,,1

1LSU,Louisiana State University,30.4074,-91.1803,-6.44,shallow foundation mast,,2014-07-30T717:04:30,2015-03-29T723:59:30, TRM57971.00,NONE,5000117882,0.0000,0.0000,0.0000, TRIMBLE NETR9,4.85,5201K41202,
,Baton Rouge,lLouisiana,United States,,,,,,,1

|
(=3}

.44,shallow foundation mast,,2006-11-11T00:00:00,2008-06-20T21:08:00,ASH701945E_M,SCIS,620024327,0.0000,0.0000,0.0000, TRIMBLE NETRS,1.1-5,4549261264
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Level 0

Long Term Storage
Archive

QA/QC AND PROCESSING

All products, all levels

Data Server

Metadata
Database

Receiver

e.qg., FIP

Storage Backup
(IRIS Tape)

Level 1, 2a, 2b

(8

Primary Data Center (Boulder, CO)

e.qg., FTP. Web Services, Plotting Tools

N
g

Level 1

(NMT, CWU)
Level 2a Products

.
Analysis Centers J

» QC preprocessing via TEQC - all
iIncoming data

» Selected processing by GAGE
Analysis Centers

FTP l Level 2a
N

-

evel 2a, 2b ‘ AC Coordinator

* Onsite mirror/backup/failover

(MIT)
k Level 2b Products

Offsite Metadata
Database Failover
(FRII Colocation)

v

Offsite
Storage Backup
(Amazon Cloud)

Offsite Data Server
(FTP) Failover
(FRII Colocation)

Post-processing by University of
Nevada Reno
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« > 1,800 GPS stations analyzed
by GAGE AC's

* |,100 official PBO plus
COCONet, SCIGN,

TLALOCNet and
“Expanded Analysis™ stations

from complementary networks,

mostly NGS CORS

* Daily positions, time series and

velocities provided in 1GSO8

and NAMOB8 reference frames

* NAMOS8 has replaced SNFO|;
realized by rotating | TRF2003
to North America using the
Fuler vector published by
Altimimi et al. (2012); reduces
errors from relative phase
center models or GIA
modeling; ongoing tweaks by
ACC...official announcement
and documentation coming

EXPANDED GPS DATA ANALYSIS

tations

Analy
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EXPANDED GPS DATA ANALYSIS

« > 1,800 GPS stations analyzed
by GAGE AC's

* |,100 official PBO plus
COCONEet, SCIGN,
TLALOCNet and

“Expanded Analysis™ stations

from complementary networks,
mostly NGS CORS

* Daily positions, time series and
velocities provided in 1GSO8
and NAMOS8 reference frames

3NN

RN
o

* NAMOS8 has replaced SNFOI; o
realized by rotating [TRF2008
to North America using the
Fuler vector published by
Altimimi et al. (2012); reduces
errors from relative phase
center models or GIA
modeling; ongoing tweaks by
ACC...official announcement SR Y
and documentation coming S =




* PBO network data analysis expand

e COCONet In Caribbean
e TLALOCNet in Mexico

ing by 500+ stations in eastern US

N
N

* NAM

EXPANDED NETWORKS ANALYSIS

* Processed GPS data

-Velocrties
- SINEX files
- Earthquake offsets
- Metadata
CISCO i :\C.,A\"" i \Tkansas vp‘é ‘.’v’ééh
5 ¥ ¥
3 ’ P
Angélg;o n VQQAtIarla g
: Dallas 2
: ‘ !
D . .
Houston . o
* yﬁro}’ ¢ _,«"2 S \
; P =1 Gulf of Mexico . \ "DJ'I&II‘“:»
%) . ! HAHA
“"MEXICO . oHavapa
e . ® : Me";ico - CUBA
® ﬁ?. & - g = ’a :
; " " e JAMATC
@ oGu::lem]]l.'] A x
Z Carl
OManagua =
———— C';DISCT\-\

Esri, DeLorme, FAO, USGS, NOAA, EPA =551

8 successor to SNARF
ased on |GSO8 reference frame
- No glacial 1sostatic adjustments



UNAVCO
GPS STATIONS - SIGNALS AND DATA QUALITY

JTotal GPS station apparent deformation is the sum of many contributing factors including:

* [ ocal site geology
e Co-seismic offsets

e Regional tectonic deformation

e Post-seismic viscoelastic relaxation

e \/olcanic inflation/deflation

* Glacial 1sostatic adjustme
e Ocean and atmospheric

i

oading

e Continental water (surface, ground)

* Seasonal snow and ice (hydrologic loading)

GPS Station Data Qua

(pre

Ddl'eC

by Chris

* tquipment changes, damage or failure
* Antenna phase center errors
e Metadata errors

* Monument Instability

* Anthropogenic processes such as ground
water pumping or water storage In
reservolrs

ity Assessment

ine Puskas)
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Evaluating GPS Station Qualrty

Multiple methods for assessing quality and health at a station:

- Multipath

* Preprocessing (
- Signal-to-noise ratio

“QQC)

* Post-processing quality parameters

- Producec

- Processing

by

K noise
statistics (RMS, elevation angle noise)

University of Nevada-
- Hosted at UNAVCO

* Visual Inspection of time series
Note: Station Health != Station Quality

S_
S_

Ld]

lon hea

8l

lon qua

_t

1. O

Y: S

heratio

Reno

* GAGE Analysis Center internal quality checks

Random wa

N of equipment, telemetry

randarc

s to evaluate “goodness” of station position solutions
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Evaluating GPS Station Qualrty

= L1 & L2 Multipath and Signal-to-Noise
o b e Lo L _
, ] MP2e|
» Daily QC files at o Rine -
ftp://data-out.unavco.org/pub/rinex/qc e I
€ 1— I
S‘ | firmware
* Plots at station home pages/station health tab 2 Shine
0.5— 1

* Signal-to-Noise (SNR) |
- Measure signal strength 0
- Values usually depend on instrument health

60
- Measure reflected signals S S E e W a
- Values depend on antenna type, local environment > i
, firmware
* Use to assess state of health and environment - — —

2008 2009 2010 2011 2012 2013 2014



Evaluating GPS Station Qualrty

UNR quality assurance parameters

Quality Parameters
P677

* Produced by UNR GPS processing

- NASA-funded product that includes PBO network
data and Is archived at UNAVCO

- Several parameters derived during processing
- RMS values, formal errors, chi-square

* Daily QA files at
tp://data-out.unavco.org/pub/products/unr_qga

» CSV files to be plotted by user b |

- by site: time history for each station o
- by date: snapshot for all stations on given date s

3D Formal Err
Cl Sq /DOF

(8
Chi—Square/DOF

» Reflect station health, quality

Scaled Error

3D Formal Error/ Sql't(Clliqu/DOF) \

2008 2009 2010 2011 2012 2013 2014




UNR GPS
Data QA.

. Map view
of scaled
error of

PBO
stations.

2. Larger
view of QA

time serles
or P6//.
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44°

42°

40°
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-114°  -112°
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AC quality checks

* Processing statistics available through SIN
files at UNAVCO ftp archives:

* [Ime series analysis - random walk noise

- o be published soon with analysis methods
(will be avallable from UNAVCO web site)

- Numeric values to describe NEU components

- Account for station offsets, post-seismic decay

Evaluating GPS Station Qualrty

Random Walk California + Nevada

42°

Pl

Number of Stations

p://data-out.unavco.org/pub/products/sinex

36°H

4004 eS8y
D

32°H—

. | .
IL’&‘?—"‘?‘- % '-“‘: : oy : — = r"‘.*r {
R T A1

T ‘ —— T B E— E— —
-124° -122° -120° -118° -116° -114° 0

1800

1600~
1400
1200
1000
800
600
400
200

Horizontal RW Distribution

|

Number of Stations

I

I

Random Walk (mm?/yr)

PBO + COCONet
Horizontal Random Walk

~130° ~100°

-120° -110
Horizontal Random Walk Noise (mm?2/yr)
I ] [ l | I
1 3 4
................... N S S S S S S S N
1800
a0 Vertical RW Distribution
1400
1200
1000
800
ﬂ-IIlliIIhllhl-r ........ _—m _—

Random Walk (mmz/yr)
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Evaluating GPS Station Qualrty

Exam p‘e: P ‘ 3 2 Quality Parameters Detrended Time Series

b3 S P O O P O O A A |
i = {P132 ;
1 E 10 ] T
. S & 30 B = g -
5 = = . -
] o 5 S S5 u
S 20 Z = g g
o#Satellites Used | 8 0 ] E |
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8 eHours of Data } 8 = 5 -
100— 100 @ ] -
[ [ - ——] -
80— i SR 80 . = . -
* Station nistor o I I -
o ] ° C = ) ] s
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b . % 20— N 5 Si P ——_—— —
- RNecelver rirmwarec cnange in reoruar g = : et :
£ 10 S e S 00— —
S e Post—Fit Resid, lon—Free Phase , % N 4 =
Qe R R =) o H N o I E
L1 & L2 Multipath and Signal-to-Noi z A~ ° F
uftipatn an Ignal-to-INOoISe > A 3 ;
........... T VI FOUTITOTT FUUTRTOT IO S Q-10—] -
_ MPl e g 1 - 5 -
P132 M2 —g _15_: B
) o - = —
15— — g iR T z
i i B A MM B M M 5 £ 10— —
i i £ . 2 2 %‘
o) 2l .
= o il = 5 £
S 1 : I g 1 A 8
& firmware antenna 5 : P & 0
= T change change 0l » '[¢3D Formal Exror i 7%
= i I e e DON et 0 A I
0.5— — 5 ‘ s
g i ia) = -10— —
il i = ;
] i s 17 g 0 &7 T OSRERe TTreswnoe s e e T T T T T T T T T T T T T T T T T T T I
0 2 ; ] I U O U D
0 ..‘?],).F,O‘H,m"l.EITOI@(,II'F(‘C‘ll,iTS.q/P‘O.F.)‘ [ o ‘ I R A ) R 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
2008 2009 2010 2011 2012 2013 2014
60

W | b * Antenna problems affect SNR and QA parameters

ko T but do not affect time series

20— change I

| meme || * Antenna replacement produces time series offset
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—xample: ABS3

* Horizontal RW = 52.288 (bad)

* Station history

- Offset by Jan 5,2013 M/.5 Cralg earthquake £

600 . | | ]

58°

54° -

52° ' T | |
—-136° =184" =182~ =130

—-128°

Multipath

L1 & L2 Multipath and Signal-to-Noise

Quality Parameters

| |

Evaluating GPS Station Qualrty
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Snow causes spikes In time series, MRE QA parameters
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-xample: HVWY

* Horizontal RW = 51.864 (bad)

* Station history

\

48° ' ‘

46° - ;

44° o) z
42° e
OOQ)Q)@OO o) o)
o
b o
OOO%:D%o%
400 Q | o | |
-114° -112° -110° —-108° -106°

- Yellowstone Lake swarm
L1 & L2 Multipath and Signal-to-Noise

- Recelver change September 2006

Dec 2008-Jan 2009

........... T
MPl1l e
| MP2
5] HVWY
g 1]
= 1 I
"_,; | |
>. | I
05—
L A i it K i _
2008 2009 2010 2011 2012 2013 2014
R T I N
60— b b b b b L
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2009 2010 2011 2012 2013 2014

Evaluating GPS Station Qualrty

Quality Parameters
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Volcanic station in Yellowstone caldera

Measured ~

subsidence, then uplift again
Nonlinear deformation

2 cm uplift from 2004-2010, tfollowed by
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Evaluating GPS Station Qualrty

* Qualrty evaluation i1s complicated

* UNAVCO engineers, PBO Analysis centers, UNR each

spend time and resources on quality assessments Wildfire Protection Maintenance
WLWY, Yellowstone

AV27, Unimak Island

* QA parameters, MBP SNR are starting points

- Cross-check against time series

- Cross-check against station maintenance history

- Some familiarity with GPS processing

- Knowledge of environmental factors (snowfall,
sroundwater pumping, volcanism, etc.)




STATION STORIES

Google+

Christine Puskas owNER

@ Communities v

UNAVCO Data
Technical News

Quality Analysis for CN48

CN48 was installed on the island of Dominica in October 2014
(Figure 1). The GAGE GPS Analysis Center Coordinator (Tom
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Figure 5. Cycle slips for CNAS and nearby stations DOMI and ABMF on January 1, 2015, Cy
slips were determined from the Melbourne- Wubbena combanation. When sip occurred al a giv
point in time, the elevation and azimwth of the satellite with the isterrupted signal are ploted. |
are color coded by time. More slips oocur 0 the south because sonospheric scintillation is stroo
wear the eguator, and all these GPS stations are at Jow enough Iativades 10 expenence scimtillai
Scintallation usually oocurs in the howrs after sunset, Note that GPS reocivers record time in U7
bt ON4S 1s at UTC-S hours, 30 dark blue and puak coloes comrespond 1o the local hours betwee
sunset and mixdnight. CNAB expencaced additional slips when it Failed w lock to a satellite.
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Quality Analysis for CN48

CN48 was installed on the island of Dominica in
October 2014 (Figure 1). The GAGE GPS Analysis
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CN4S and prarby statioes DOMI and ABMF ca Janry 1. 2015,
a0 the Melbourne Webbera combisaticn. Whea sl
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P268: Poroelastic Deformation and Changes in
Groundwater Levels

PBO GPS station P268 is located in California’s Central
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This is a test comment...nice post Christine!
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P299: Not so Stable Ground

Station P299 was installed in the Diablo Range of the
Coastal Ranges in central California. The station is 8.5
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That is an interesting observation; | had not

realized there were rainfall data available.
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P158: Nonlinear Deformation and Vegetation

PBO GPS station P158 is located in northern California,
just north of the Mendocino triple junction where the
strike-slip tectonics of the North America-Pacific Plate
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P271: Poroelastic Deformation in California’s Central
Valley

PBO GPS station P271 was installed in California’s
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AB36: Square Seasonal Signals

PBO GPS station AB36 lies in the Yukon-Tanana
uplands in Alaska’s Interior Plateau. The station is
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Data Quality

Metadata
mprovements In tools for recording metadata in the field

mproved standards for metadata sharing
Setter metadata obtained at the time It Is needed

Preprocessing
QC for GNSS - solve this for the new signals, constellations

Processing and Post-processing
3ig data

Complex station histories
More input from data users and processors




