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Velocity — Network Integrity Management
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Velocity and lono/Tropo Modeling Managed as Functional Subnets
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NAD83-CORS96 to NAD83(2011)
Ellipsoid Height Differences - Feet
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Residuals + Control for 2009-2012A Geoid




A North [cm ]

AEast [cm]

AUp [em]

Published vs. Current Positions

P697 in US-WA: Daily minus Published IGS08 Position
Avg. N [cm] = -1.89(x 0.48) E[cm]= 4.06(x 0.77) Ulem]= 1.44( 1.28)
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P415 in US-WA: Daily minus Published IGS08 Position

Avg. N [em] = -0.09(+ 0.20) E [cm]= -1.67(+ 0.26) Ulcm]= 0.63(+ 0.66)
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Published vs. Current Positions




Published vs. Current Positions

PACWA 4 “ Map 2D CurrentDispIaoerr‘ents|.%:_i,3h'5rl Displacement Chart | Scatter Plot | Axis Rotations | NMEA Output - 4}

| Status  Station Mame Station Cod  Ax A Northing [m] A Easting [m] A Height [m] AZD [m]

1) P401 | 0.031 -0.004

S OCEN ] 0.041 0.013 0.068

) PA02 ] 0.027 0.001 0.061
15 BILS BILS | 0.030 0.046 -0.022 0.055%

2] MKAH MKAH | 0.009 0.036 0.001 0.037

[ 403 P403 ] 0.012 0.032 -0.003 0.034 0
[ OLAR OLAR ] 0.005 -0.006 0.024 0.008 0.026
[ MONT MONT O 0.008 0.022 0.009 0.024 0.025
[ RYMD RYMD | 0.015 0.013 0.010 0.020 0.023
(=] CATH CATH ] 0.007 -0.002 0.017 0.007 0.01%
[ CROK CROK ] 0.000 -0.015 0.000 0.015 0.015
[ CUSH CUSH O -0.002 0.010 0.005 0.010 0.011
=) OLMP OLMP O -0.001 0.004 0.002 0.004 0.005
'y PTAA PTAA 0.000 0.000 0.000 0.000 0.000
N GRMD GRMD 0.000 0.000 0.000 0.000 0.000

! i | | { H [ Normal Activity
s S | S | S S e e Medium Activity
[ High Activity
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Published vs. Current Positions

Map 2D
Status  Station Name Station Cod  Ax A Northing [m] [\ Easting [m] A\ Height [m] A 20 [m] A3D [m] 3

urrent Displacements | Adjustment | Displacement Chart | Scatter Plot | Lxis Rotations | NMEA Output - 4 )

Y HAHD HAHD O -0.006 -0.01M 0.042 0.013 0.044

Y coup coup | “0.003 0.003 0.032 0.004

Y ENUM ENUM | 0.010 0,011 -0.025 0.015 _ — : : e
Y OLAR OLAR | 0.017 0.000 0.022 0.017 " S (S 1 ‘ L |3 Medium Activity
@ NINT NINT 0 -0.002 0015 002 0.015 i 2 High Activity
Y GMAR QMAR | -0.017 -0.613 0003 0021 :

Y CPXF CPXF | 0004 “0.008 0617 ocos s

Y FFLD FFLD | “0.008 “0.601 oote 0.008 .

Y LsiG LSIG | 0,013 0,013 0.002 0018 i

Y CUSH CUSH | 0.010 0.014 0.004 0.017 3

Y ELSR ELSR | 0.006 0.005 0.016 0.007 s a5

Y LNGE LNGE | 0.002 -0.004 ‘0018 0.005 LI

Y oLmp OLMP | 0.010 0.010 0.000 0.014 n

Y snod snoa | -0.007 0.000 ‘0,013 0.007 ”

Y ARLI ARLI | “0.008 “0.002 0.008 0.010

Y [, pad2 | “0.008 0.005 “0.004 0.011

Y UFDA UFDA | “0.005 0.006 0.005 0.008

Y TACO TACO | 0.000 “0.007 “0.004 0.007 0.008

Y SAMM SAMM | “0.008 “0.004 0.000 0.008 0.008

Y cski cski | “0.003 “0.003 “0.005 0.004 0.006

Y OvLR OYLR | -0.002 0.001 -0.003 0.002 0.004 R e i A A T T T
A SMiAl Smal 0.000 0.000 0.000 0.000 0.000 Bopetincaliin

A CHCIM CHCM 0.000 0.000 0.000 0.000 0.000

A GRMD GRMD 0.000 0.000 0.000 0.000 0.000

A SSHO SSHO 0.000 0.000 0.000 0.000 0.000



Corrections developed
from current ITRF
positions but applied
to published reference
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Dynamic Control

Dynamic Incremental
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Published Coordinates
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Integrity Monitoring




Integrity Monitoring




Integrity Monitoring




Integrity Monitorin

Rapid Motion — Motion Trends

Station: |TC L] Refresh

Rapid Motion Engine [RME_TOLT_fitered_kalmsudden] \ Integrity Monitor [RME_TOLT_fitered_kalmsudden)
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Station:

Offset Station TC [m)

Integrity Monitoring

Network Integrity — Constant Loop Closures
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Integrity Monitoring

Network Integrity — Constant Loop Closures

TLOH to UUMK - Exp. motion = 2cm per year - Single station rapid motion detection with L1 delta phase
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Integrity Monitoring

Server-Side Multiple RTK

Station: |TC j Refresh |

RTK Engine [RTKE_TOLT_fitered_kalmstatic] \ Integrity Monitor [RTKE_TOLT_medianfitt_kalmstatic_LSIGfixed]
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Integrity Monitoring

Automated Post-Processing

Station: |TC 3 Refresh |

Post Processing Engine [PPE_testing)] \ Integrity Monitor [PPE_testing_medianfilt]
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Stations in (server side) PPP Test
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Stations in Onboard (sat based) PPP Test




Stations in Onboard (sat based) PPP Test
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Onboard [Central] - East

New Window

v 10-Second Positions
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Onboard [Central] - North

New Window ]

v 10-Second Positions

North

0.017, =0.071 [m]

North: p
Reference Latitude 48.755268169°
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Onboard [Central] - Height

New Window

v 10-Second Positions ~

Height

— Ref
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— RTX™
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Height ~ 10-Second Positions v | New Window
Height: y=600. 623 o=0. 019 [m]
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PPP [Central & East] — North
Bellingham and Sprague, WA

Station: |BELI j Coordinate component:

Station BELL
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PPP [Central & East] — East

Station BELI
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PPP [East] — Height

Coordinate component: | A Height j
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PPP — Static 24hr - Height
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PPP — Static 72hr -
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PPP — Static 24hr - Height
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PPP — Static 72hr - Height
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Station:

Displacement Station SPRG [m

PPP — Height Drift
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PPP — Height Drift
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PPP — Height Drift
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PPP Testing
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PPP Testing
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Reference Framework - Horizontal
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PPP Testing

CONCLUSIONS

 Onboard vs. [Net] RT-PPP

— No substantial differences in convergence times or noise

« Horizontal ([Net] RT-PPP)
— 20 minutes convergence
— Slightly better North vs. East
— 2-3cm accuracy B No
— No significant drift

Yes

« Vertical ([Net] RT-PPP)
— 20 minutes convergence
— 8-10cm accuracy
— Random drift

Yes

B No
I Sort of...




PPP-RTK

Current High Precision Real-Time Capabilities

RTK / RTN PPP PPP-RTK
GOOD Centimeter Decimeter Centimeter
Centimeter Precision Precision Precision Precision
FAST Fast Long Convergence Quick
Within a Few Seconds Initialization + Continuous Sky ~ Convergence
CHEAP Dense No Network Sparse
No Network or Base Network or Base Network

GOQOD service CHEAP won't be FAST
Choose Two: GOOD service FAST won't be CHEAP
FAST service CHEAP won't be good



Welcome to the WAPUS Online Post-Processing Service

This service allows you to upload GNSS observation data and receive absolute positioning calculations based on the reference stations in the network.
Additional information and requirements:

» Supported data formats are RINEX 2 xx, RINEX 3 xx, Hatanaka-compressed RINEX files, Trimble proprietary data formats (DAT, TGD, T01 and T02).

+ Data files must be static only.

+ Data files must contain dual frequency pseudorange and carrier phase observations (L1 and L2).

+ |fyour observation data consists of several files, please compress them to a ZIP archive and upload the zipped file. All files inside the archive must belong to the
same station and have identic al header information regarding receiver type and antenna type.

Select a file to upload (.t01, 102, 770, .77d, tgd, .dat, .zip)

Browse X

Your email address

jgeublic @squampish.gov







WAPUS

WAPUS Online Post-processing Report

Order Information

Order ID: 20
Uploaded file(s): OCCI252E.T02
Upload date: 09/08/2016 21:54:03 UTC
Antenna:
Name: TRM57971.00 NONE
Height: 0.000
Reference: Bottom of antenna mount

Processing Information

Session:

Start time: 09/08/2016 04:00:00 UTC

End time: 09/08/2016 04:59:59 UTC
Solution type: Static
Processing interval: 30s
Ephemeris type: Broadcast
Reference frame: ITRF2008
Tectonic plate: North America
Baselines
Station Code |Distance [km] |Observations (# total / # usable / # |Used satellites

used / %)

CSKI 25.56 3600/ 120/ 113/ 94% 8 GPS /7 GLN
LNGB 53.28 3600/ 120/ 113/ 94% 8 GPS / 7 GLN
HAHD 53.62 3600/ 120/ 113/ 94% 8 GPS / 7 GLN
CHCM 56.37 3525 /118 /111 / 94% 8 GPS / 7 GLN
SNOQ 74.87 3600/ 120/ 113 / 94% 8 GPS / 7 GLN
OLMP 75.05 3600/ 120 /113 / 94% 8 GPS / 7 GLN




WAPUS

Final Results for: OCCI

ITRF2008 @ epoch 2005.00

Measurement method: Antenna Ground Point (AGP)
Coordinate Value o [m]
X [m] -2304357.900 0.005
Y [m] -3640573.957 0.007
Z [m] 4687063.632 0.008
Latitude 47° 36' 3.42174" N 0.004
Longitude 122° 19' 56.64442" W 0.003
El. height -12.908 0.011

Report Information

Software version: 3.8.4
Creation date: 09/08/2016 21:54:27 UTC

The WSRN does not guarantee availability, reliability, and performance of this service and accepts no legal liability
arising from, or connected to the use of information in this document or use of this service.



OPUS, WAPUS, PPP

Baselines
Station Code Distance [km] |Observations (# total / # usable / # |Used satellites
used / %)

CHCM 0.00 3392 /113 /112 / 99% 11 GPS /9 GLN
VERN 55.80 3392 / 113/ 112/ 99% 11 GPS / 9 GLN
CSKI §0.93 3392 / 113/ 112/ 99% 11 GPS / 9 GLN
LNGB 88.05 3392 / 113/ 112/ 99% 11 GPS/ 9 GLN
OoLMP 107.75 3392 /113 /112 /99% 11 GPS /9 GLN
HAHD 109.15 3392 /113 /112 /99% 11 GPS /9 GLN

Final Results for: CHCM

ITRF2008 @ epoch 2005.00

Measurement method: Antenna Ground Point (AGP) O P U S 4 h O u r
Coordinate Value o [m]
X [m] 3314209.028 0.002 WAP U S REF FRAME: NAD_83(2011)(EPOCH:2010.0000) 1G508 (EPOCH:2016.6866)
Y [m] -3594275.753 0.003
Z [ml 4717681.203 0.003 X: -2314205.030{m) 0.007(m) -2314205.520{m) 0.007(m)
Latitude 489 00" 38.20885" N 0.003 1 hour Y: -35594275.762(m) 0.007(m) -3594274.586(m) 0.007(m)

- - : Z:  A4717681.2%6(m) 0.008(m) 4717681.333(m) 0.008{m)
Longitude 122° 46' 33.05883" W 0.002
El. height 20.699 0-004 LAT: 48 03820872 0.003{m) 48 038.22172 0.003(m)
R rt Inf ti ELOMN: 23713 26.94134  0.004{m) 23713 26.87452  0.004{m)

€po nrormation W LON: 122 45633.05866  0.004{m) 122 4633.12548  0.004{m)

Software version:
Creation date:

3.84

09/08/2016 21:36:21 UTC ELHGT: 20.707(m) 0.011{m) 20.385(m) 0.011{m)
ORTHO HGT: 42.441{m) 0.025(m) [NAVDSE8 (Computed using GEQID128}]
Used Satellites .
# Total Satellites: |31
GPS: G01 G03 G06 G07 G09 G11 G14 G16 G22 G23 G25 G26 G27 G30 G31 G32

GLONASS:

RO1 RD2 RO3 RO7 ROB RO9 R10R11 R12 R13 R17 R18 R20 R23 R24

Processing Results

ITRF2008 at Epoch 2005.0 ITRF2008 at Epoch 2016.69 P P P
Coordinate |Value o Coordinate (Value o 4 h OU r
X -2314209.708 m 0.014 m X -2314209.919 m 0.014 m
Y -3594274.561 m 0.008 m Y -3594274.585 m 0.008 m
z 4717681.455 m 0.008 m zZ 4717681.333 m 0.008 m
Latitude 48° 00" 38.22763" N 0.005m Latitude 48° 00" 38.22175" N 0.005m
Longitude 122° 46" 33.11756" W 0.013 m Longitude 122° 46" 33.12547" W 0.013 m
El. Height 20.395 m 0.011m El. Height 20.394 m 0.011m



Future PPP-RTK(af) Network?




Active and Passive Realizations
Published References and Resources @ Epochs

Passive Realizations

N
HARN - HPGN > Adjustments NA2011
V

NAD 83/91 NAD 83/98 NAD 83/2007

Active realizations

NADS83

Datums
N\

NAD27 > NADS3

Vv

Geodesy Tools

Geoid96 Geoid99 Geoid03 Geoid 06 Geoid 09 Geoid 2012

Dynamic Elements of Geodesy (plate tectonics, earth tides, improved resources) »




Reference Framework Planning

W ol S
DATUM
MATTERS

with

Dave Doyle
Grogles dlitoy- Professhonal Survevor [z
NGS Chigl Guodelie Surveyor (Rel)
Modernization of the National Spatial Reference System -
Keeping Pace with Changes in Positioning Technology and User
Expectations in a Dynamic World + WSRN Updates
C:20am — 4:00pm October 25-, 20138
Blencoe Audlitoriwmm
Remnton Technical College, WA
SO0 - Lunech Provided

Page 10of3

Preparing for Reference Framework Updates

Featured Presenter
Dr. Dru Smith
National Spatial Reference System (NSRS)
Modernization Manager
National Geodetic Survey

« An overview of the planned NSRS update

+ What to expect — vertical — horizontal — temporal
+ Actions Washington can take to prepare

* Updates from the LSAW & WGS 2022 teams

Save the date:
8:30am — 4:00pm February 12th, 2016
Blencoe Auditorium

Renton Technical College

$65* — Lunch Provided

Admission includes optional WGS membership. *Students free
Register at: http://www.gsow.ora/wgs-2016-seminar-2022/

Questions? Email: wgs.seminars@gmail.com
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Western Region Height
Modernization Consortium
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Thank You

schrockg@gmail.com



