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A Few Note Worthy Research Articles W colegeoEngineering

- OSU

— Gillins et al (2017) - Inclusion of Leveling with GNSS Observations in a Single, 3-D
Geodetic Survey Network Adjustment

— Allahyari et al(2018) - Tale of two RTNs
— Weaver et al (2018) - Hybrid Survey Networks
— Jamieson et al (2018) - Comparing multiple online Static GNSS processing services

— Simpson et al (2021) - SPR304-821 ODOT UPDATED SURVEY STANDARDS AND
CONTROL GUIDANCE FOR IMPROVED OPERATIONS

« NGS
— @Gillins et al (2019) - Accuracy of GNSS observations from three Real-time networks

— Gillins et al (2019) - Evaluation of the Online Positioning User Service for Processing
Static GPS Surveys: OPUS-Projects, OPUS-S, OPUS-Net, and OPUS-RS

Note, there are MANY other great and useful articles out there
These are just some I've chosen to highlight today
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OPUS Accuracies in Oregon | e e e e
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Gillins, D.T., Kerr, D., and Weaver, B. (2019)
— Reported RMSE (~68% confidence level)
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 When using OPUS-S there was not much
benefit beyond 4-5 hours
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Single Base RTK
. . . .
Real-Time Accuracies in Oregon
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— Allahyari, M., Gillins, D.T., Olsen, M.J., and Dennis, el Seletatetale alelele e S A
M. (2018)

— Reported RMSE (68% confidence level) SRR )

Network RTK
5.

— Data collected with the full network (nRTK) tended to A TTEEC e s
be more accurate and precise than data collected “f A i yennliel
using a single reference station (sRTK) Ea}

% 2?“.—0‘_.___._______.____._ .

— GLONASS improved the accuracy of the observations 1'_"“ R b bl 3 [ S —— .
and helped obtain more fixed solutions at longer
baseline lengths. ‘o328 = 8 | 8 2 | 3 2

Session Duration (sec)
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Post-Processing Overview for RTN data Y Collegeof Engineering
1 Collect RTN Data (a) RTN-Data (b) OPUS-Projects Data (c) Combined Hybrid Network
. A A
— 5-minute observations per each independent A A
observation + +
— Need the baselines from the reference station to + +<0 “‘.g: _____ + +<jogj _____
the passive marks +W+ A_ L TAA +W+ TR A
\of \\““A.“ ’ \\\\\ ‘\‘~__SOZ/, \\\
) A s N\ AVl N\
2. Align Master Station to NSRS via post- STy 2 a2
processing A A
— Utilizes Static GNSS processing A A
— Compute baselines from CORS to the real-time |tegend A ¢ ° t+ T —
reference station CORS HUB RTN Master Station Passive Station OPUS-Projects Baseline RTN Baselines

3. Create the "Hybrid Network” See the following articles for more details:
— Least squares adjustment *  Weaver et al., 2018. Combining real-time and static GNSS
» Static baselines from CORS to Master station observations for optimizing height Modernization.

* real-time network baselines from master station to
survey marks

4. Donel!

— QA/QC the results, ensure everything was
properly weights, no outliers, etc. etc.

* Gillins et al., 2019. Accuracy of GNSS Observations from Three
Real-Time Networks in Maryland.




RTN Accuracies from the ORGN
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OSU Research Project

— Used GNSS hybrid methodology proposed
by (Weaver et al, 2018)

— Varied Independent Repeat Observations
from 2-6 per point
Results
— Achievable accuracies (95% CL):
* Vertical: 2.0 £0.10cm @ 3 obs.
e Horizontal:1.1 £ 0.14 cm @ 3 obs.

High accuracies attainable when post-
processing RTN Observations!
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Simpson et al., 2021. SPR304-821 ODOT Updated Survey
Standards and Control Guidance for Improved Operations




Why RTN’s Should be monitored

GNSS Elevation for each point compared to “truth”
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NGS Recommendation Table ) College of Engineering

Required Total
Static GPS Recommended | Requirements for SRTK] Requirements for NRTK

NGS GNSS Control Staﬁ:r:j";:m] Observation | Static GPS Session | Instead of Static GPS | Instead of Static GPS
Time {hours)

Vertical

Recommendations:

1.0 (4) 5-min., GPS or GNSS

3.5 (5) 5-min., GPS or GNSS| (2) 5-min., GPS or GNSS

—Table is a draft from new
specifications coming soon

3.0 4 (2) 2-h sessions Mot Recommended § (3) 5-min., GPS or GNSS

(3) 3-h sessions or (4) 5-min., GPS-only or
) Mot Recommended )
(2) 4-h sessions (3) 5-min., GNSS

2.5 8

(4) 5-h sessions or
2.0 20 (3) 7-h sessions or Mot Recommended
(2) 10-h sessions

(6) 5-min., GPS-only or
(3) 5-min., GNSS

(6) 8-h sessions or
1.7 48 (4) 12-h sessions or| Not Recommended Mot Recommended
(2) 24-h sessions
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Develop a network processing and adjustment
workflow

How should we combine and adjust CORS data? A
e We Implemented NGS recommendation

e Utilized OPUS-Projects and Included 5 days of 24-
hour data files

« Constructed multiple network configurations: 1 N
— Held NGS CORS fixed in all networks C 5 4‘@;:/’
WINNEEN, |
Network Design ID Description NN \‘\“
A Constrain a single hub in each session. Choose the best most I = -' :
centralized hub and use it forall Ssessions. | AN N© /0 NN o U\ DR
B Constrain 4-6 hubs for entire state (2-3 in west; 2-3 ineast) anduse for |  ©——— ~—~  ~ F
all 5 sessions. o TR (b o - o .
C Constrain | hub for each RTN cluster for each session. Choose the best ,_;,j‘gand d‘wégo oy N et Q\od‘i\go o
most centralized hub and use it for all 5 sessions. ] Sai’o Jb\o c{m\gi_%_‘d “';:0 Eo O/Jv}mﬂn;g;u‘n
D Constrain 1 hub for each cluster for each session. Choose a different E _:}:m %/0> v, F 5 ; Qf/dud_l
hub for each session (when possible) to form GNSS loops s [ oﬁﬂ\ﬁ @M S A . <\ r
E Constrain 2-3 hubs for each RTN cluster (16-24 total for entire state) y - 2 = L ? v %
F Constrain all acceptable NGS CORS that satisfy our QC thresholds \ 582 ﬁ* S\ % \ 4}3 ’0\9
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PUBLISHED ORGN CORS COMPARED TO OPUS COORDINATES (n=75)
EAST
TEST DESC RMVSE
GPSCOM ADJUST Difference
AH AUP AH AUP AH AUP
A SINGLE HUB 0.0105 0.0109 0.0105 0.0107 0.000 0.000
B 4-5 HUBS 0.0110 0.0119 0.0099 0.0100 0.001 0.002
C 1 HUB PER CLUSTER 0.0128 0.0116 0.0085 0.0105 0.004 0.001
D 1 HUB PER CLUSTER(LOOP)| 0.0130 0.0123 0.0091 0.0105 0.004 0.002
E 2-3 HUBS PER CLUSTER 0.0132 0.0120 0.0087 0.0120 0.004 0.000
F ALL HUBS 0.0129 0.0121 0.0091 0.0108 0.004 0.001
PUBLISHED ORGN CORS COMPARED TO OPUS COORDINATES n =81
WEST
TEST DESC RMSE
GPSCOM ADJUST Difference
AH AUP AH AUP AH AUP
A SINGLE HUB 0.0184 0.0122 0.0123 0.0122 0.006 0.000
B 4-5 HUBS 0.0135 0.0122 0.0125 0.0116 0.001 0.001
C 1 HUB PER CLUSTER 0.0058 0.0122 0.0112 0.0116 -0.005 0.001
D 1 HUB PER CLUSTER(LOOP) | 0.0058 0.0219 0.0136 0.0114 -0.008 0.010
E 2-3 HUBS PER CLUSTER 0.0155 0.0130 0.0132 0.0128 0.002 0.000
F ALL HUBS 0.0152 0.0133 0.0124 0.0117 0.003 0.002
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NGS retrieves data and
uploads them to OPUS-P via

Automated Workflow for
Monitoring RTN Stations —

SOLUTIONS (XML
files)

RINEX Data

XML PARSING SCRIPT : Parses the |
| OPUS-S solutions into a csv file. |

.

Oregon State University

College of Engineering

/ Multi-GNSS RINEX\ il il Umsm 1“ { Position Estimation )

Messurements [ [ | e | Reltive to NSRS

Network Design
August 2022 An update to BETA OPUS projects released! Flease provide your feedback i - i Configuration
= Try BETA projects vA.1 o test adding real-time and post-processed GPS vectors. D3I|V OPUS-static g

Output files NGS retrieves OPUS-P File
stored to cloud Input and adds project to
(.txt, sinex, etc.) processing queue

Combined OPUS-S
Solution Report Data

— e e (______.\ SRR
( HUB SELECTION BASELINE I OPUS-P JOB FILE
SCRIPT: Chooses I I FORMATION SCRIPT: INPUT POPULATION I

Real-Time Network

data = Use Projects v4.0 to publish static GPS observations to NGS datasheets. solutions SESSION DESIGN GUI Ml d i o Forms baselines based I | SCRIPT : Creates the
hoice. input. job file i t.
: | SN WO WL
Soive your GPS position & e it o the National Spatial Reference System =
A A ‘What is OPUS?  FAQ:
NO. CORS - ' WEEklv OPUS- OPUS-P JOB FILE INPUT (XML):
Network data GHESEERIEl wo tile chosen : projects adjustments Contains the baseli :
* data file of dual-frequency GPS observations. sample ontains the baselines.
OPUS menu Hubs to be constrained and type of
home / upload sample solutions constraint.
about OPUS NONE M Session / Network parameters
projects antenna - choosing wrong may degrade your accuracy.
shared solutions @ orus R (Beta = m X
I’ -TTTT T T T T N planned improvements 8.000 mmec;aaamyummam‘ P  mTmTmmm - ~a
H i il height t ' it - H
I Quality Control ‘I supporttesaback antenna Nelaht ofyour aniennats reference el | Time-Series \I Home  About
: Evaluation | : Monitoring \
i | 1,500 *email address - your solution will be sent here. Privacy Act Statement N | Network Design  Parameters  CORS 3 L R
o0 _ - NETWORK DESIGNS + uick i gy
[ Measurement |1 i | short-andlong- | 1 \ A
| quality metrics " ! term analysis Constiainga Single Eib e the neiwor — ] P s
1 1 1 1 y = —
1 1 o Il Upload 1o Rapid-Statid  (Upload to Static 1 1 [ Single Hub Network ]
| ] Repid  Sutic for data 15 min. -2 frs.  for data 2 hrs. - 48 . | ] \
Satic .
) ] Update NSRS ] Constrains 5 Hubs in the network: 5
: Warnings and flags ! —— F-T T = : Fl:)OSitiOnS | @ 5-Hubs Network \
-Hubs Networ \
\ ! Key: Data Management/Network 1 aa/ac | \ 1
. . I C 1l Hubs in th e
Ad]ustments I.- _____ 3 onstrains all Hubs in the networl
(J All-Hubs Network
Customise your network
O Custom Network
CUSTOM NETWORK DESIGN J

{ O
Specify number of clusters 7
Select a number or enter a custom value s I \

Specify number of hubs to constrain

= Leafist | Datz by & OpanSiraetiizp, under

Select a number er enter a custom value
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IMPLEMENTATION OF REAL-TIME SURFACE| ~ Atwnaim@ssensos )

MONITORING FOR ACTIVE LANDSLIDES

ODOT Funded Research:

« Michael Olsen, Ben Leshchinsky, Andrew Senogles

« Helping engineers better monitor, characterize and
track landslides

Date: 2020-09-21
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Research was used to inform ODOT
Engineering/Maintenance decisions

Closed highway 101
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Atmospheric Disturbance Classification and Estimation Using Novel versity
. College of Engineering
SenSOrS and SenSOr Data FUS|On Funded by DARPA AtmoSense Program (Feb 2021 - April 2023)

Galacticsiggio

From GNSS Solities . ] ] ] ] ]
satelie iQgeeticFiel Linés * GNSS has been widely used to monitor electron distribution in the

Travelinglonospheric h io nos p h ere

Disturbances (TID)

— Dlstrbontes MEgp * Various geophysical events induce gravity, acoustic-gravity, and acoustic
Gravity Waves Thermosphere from Conjugate . .
: A w— Hemisphere waves that propagate upward and disturb the ionosphere --> TID

* Ground-based GNSS station networks can be utilized to observe the
ionospheric variation over the region

Lower x
Atmosphere

GNSS Receiver

e Case study:

Velocity of TID, IPP h = 250.0 km

Linear fit, velocity [1.052] km/s i TI D Occu rred by a n
---- 6:15:49 EQ M8.2 .
. ° Tofsteek earthquake in Alaska 2018
€47 . e Data from 10 GNSS stations
N | | [ + were processed
e — e icrcters o 50 * TIDs were detected using
ABI13 - . . .
s . ® Machine learning technique
- arthquake !
g V8 gl e . . * Continue work for differentiating
L] ° 50 o9
e multiple source events (tsunamis,
‘ONN_‘.ABOZ Esri, HERE, Garmin, (¢) OpenStreetMap contributors, and the GIS user. 00N < . .
- —— S —T— ” 2006:15  2906:20 290625  2906:30  2906:35  2906:40 29 06:45 volcanic eru ptions, etC.)
Time (UTC)



Adapting GNSS-Reflectometry (GNSS-R) as an operational
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framework for coastal monitoring runded by NOAA 100S OTT Program (Oct 2021 - Sept 2024)

GNSS-Reflectomety (GNSS-R)
e Utilizes multipath signals

* Analyzing various near ground environments
* (Can observe water level variations, snow
accumulations, soil moisture, vegetation growth,

sea ice, ocean wind, etc.

Continuously Operating GNSS Stations within 500m of the coast
¥r NOAA National Geodetic Survey (77)

¥ UAVCO (35)

’
%,

The overarching goal is to adapt Global

Navigation Satellite System (GNSS) as a
new operational water level measurement
facility, referred to as the GNSS Water
level Observation System (GWOS), which
will improve existing coastal monitoring
capabilities of water level.

Estimated sea surface heights from Local MSL [m]

0116
Date [mimydd]

¥
s s R e LSO PO
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Chase Simpson, Instructor of Geomatics
School of Civil and Construction Engineering
Oregon State University

Chase.Simpson@oregonstate.edu
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