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Enhance and extend diverse use of the National Spatial
Reference System (NSRS) in the specific region of the
country where these advances are most needed.

* Develop future leaders in geodesy and geospatial
professions through new educational opportunities.

* Provide broader impacts to society and the planet,
including enhanced resilience to coastal and seismic
hazards with improved monitoring and modeling
capabilities.

Enable career advancement and upskilling for a diverse
geodetic science and geomatics workforce in a currently
underserved region.

Source: https://gcapgeospatial.org/
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Oregon State to receive $6.5M for federal effort
to modernize geospatial coordinate system

November 09, 2023
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Source: https://today.oregonstate.edu/news/oregon-state-receive-65m-federal-effort-modernize-geospatial-
coordinate-system

UNIVERSITY of ALASKA
ANCHORAGE.

Oregon State
University




_ _ paxs _
GCAPNGS Geospatial Modeling Grant €5 iz

8 Tasks (each essentially being its own
project), organized into broad themes
1. Research
* GNSS: RTN, PPP, Multi-GNSS, OPUS

2. Preparing for beneficial use of
modernized NSRS by broad geospatial
community

3. Education and Outreach

Task 1: Real-Time Precise Point Positioning (PPP)

Task 2: Hydrodynamic modeling Columbia and Klamath
Task 3: New Datums in Geospatial Applications

Task 4: Develop and Evaluate OPUS Utilities

Task 5: Develop a National RTN Alignment Service

Task 6: Multi-GNSS

Tasks 7 & 8: Education and Outreach
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NGS Ten-Year Strategic Plan (2013-2023)

“Modernize and Improve the National Spatial Reference System”

Approximate Horizontal Change
North American Plate

e Objective 1: “Replace NAD 83”
— By 2022, reduce all definitional and access- related errors in the geometric

reference frame to 1 centimeter when using 15 minutes of GNSS data.

e Objective 2: “Replace NAVD 88” ~1to 1.5 meters North
America
— By 2022, reduce all definitional and access- related errors in orthometric ~2.5to 4 metersin Pacific

new geopotential datum
inus NGS gravimetric geoid

heights in the geopotential reference frame to 2 centimeters when using 15

minutes of GNSS data.

Orthometric Height
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e Objective 3: “Re-invent Bluebooking”
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e Objective 4: “Fix the Toolkit” < ‘_ .; - Vue! | =
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e Objective 5: “Better Surveying”
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~0 to 1.3 meters CONUS

Source: https://geodesy.noaa.gov/datums/newdatums/WhatToExpect.shtm|



Task 1: Real-Time Precise Point Positioning (PPP)

* Objectives: Develop Accurate and Reliable
Real-Time Precise Point Positioning within

the NSRS

 Team: Brian Weaver (OSU, Lead), Jihye Park
(OSU), Chase Simpson (OSU), Muge Albayrak
(OSU), Althaf Azeez (OSU), Josh Jones (NGS

SME)

* Current Focus Areas:

* Investigating open-source PPP/PPP-AR

software

e Testing new PPP stochastic model
* Including using data from recent geomagnetic

* Implementing existing real-time PPP-AR

storm

products in offline mode

* Develop/implement PPP-RTK model

e Multi-station network

e Single-station user
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High-Accuracy Positioning Techniques ) College of Engineering

e e PPP-RTK Developments
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Stochastic Model Comparison

> Standard method limitations

Elevation-Based

12

Oregon State University

College of Engineering

Standard elevation-based stochastic model
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o¢ is non-trivial:

GNSS constellations: GPS vs. Galileo
Signals: L2P vs L2C

Satellite generations: Block Il vs. Block Il
Receivers, antennas: Geodetic vs. Low-cost

10

20 30 40 50 60 70 80 90
Satellite elevation [degrees]

Symmetric model
Limited noise amplification (5.8 - o2 at 10-degrees)



. . d Oregon State University
Stochastic Model Comparison College of Engineering
> Standard vs proposed method

‘stochastic models that are unable to adapt to the
dynamic nature of GNSS signal propagation conditions
can lead to additional inaccuracies that may exacerbate
the challenges introduced by cycle slips.”

Elevation-Based Data-Driven
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Next Steps and Outlook College of Engineering

B

> Next, validate in positioning domain
e Static and kinematic PPP/PPP-AR performance

* Implement new algorithms in PPP-ARISEN

> Ongoing research
* Explore variables that affect the stochastic model: signals, data rate, receiver/antenna type

* Incorporate in real-time processing (high-rate data)

> 11580.000 (04/22/2023 03:13:00): GREC = 31, G = 8, R= 9, E= 5, ¢C= 9
Go2, 40.277, 104.501, 34.523, 3.921, o, 0.496, 0.339, 0.019, 0.314, O, 0.773, 3.093, O
G08, 44.609, 287.942, 10.691, 2.784, o, -0.082, 0.109, 0.048, 0.223, 0, 0.226, 0.975, ©
G1l0, 50.021, 183.182, 15.033, 2.527, 0, 0.000, 0.141, 0.032, 0.203, 0, 0.015, 1.353, 0
G1s, 30.492, 54.425, 35.343, 12.813, o, -0.048, 0.406, 0.136, 1.028, O, 0.155, 3.285, 0
Gle, 20.492, 219.140, 65.921, 3.474, Q, -0.955, 0.888, 0.018, 0.27%, 0, 0.943, 5.886, O
G18, 37.009, 98.255, 27.0217, €.950, o, 0.278, 0.357, 0.146, 0.557, O, 0.029, 2.462, 0
G23, §3.650, 113.938, 10.913, 3.031, 0, -0.003, 0.125, 0.021, 0.243, 0, 0.205, 0.998, O
G217, 64.605, 230.771, 9.440, 1.608, o, -0.187, 0.155, 0.015, 0.129, o0, 0.082, 0.850, O
H_I H_I
Code noise [cm] Phase noise [mm]
\ )
Y
PPP-ARISEN



Task 4: Develop and Evaluate III’IIS Utilities

* Objectives: Evaluate and develop new
capabilities in OPUS-related utilities to
enhance users’ access to GNSS processing
tools

e Team: Brian Weaver (Lead,OSU), Chase
Simpson (co-Lead, OSU), William Ohene

(OSU), Ezra Che (OSU), Nick Forfinski-Sarkozi

(NGS SME)

e Current Focus Areas:

e Evaluate multi-GNSS M-PAGES software
performance via OPUS-Static beta

e Test challenging test data with known non-ideal

conditions
* Develop optimal constraints for network
adjustments
 Combined GNSS, Total Station, Leveling data

e Collaborate with OPUS team to implement
GCAP outcomes in OPUS/OPUS-Projects
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Source: Ohene (2023) 10
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Multi-GNSS Background

Environment

B = Global Positioning System (GPS) (1995)

B GLONASS (1995)

Wl Galileo (2016)
Bl BeiDou (2003)
Benefits
» Superior DOP: Daily satellites > 100; Single-epoch > 40
» Reduced noise: ~¥3x more transmission power

» Enhanced reliability: Access to new signals/frequencies

In-Phase PSD [dBW/Hz]

Oregon State University

y College of Engineering
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Processing Combinations

/ Evaluations \
4 \

Processing
engine

Constellation

Duration

Network
stations

User stations

Day of year

=/

PAGES M-PAGES
4 N\
GPS (G) GLONASS (R) Galileo (E) [ BeiDou (C) ]
L J
4 )
Minutes Hours Days
& J
Old CORS New CORS
selection selection
ORGN NCRTN
1-day 7-day [ 21-day } [ 31-day }

Oregon State University

College of Engineering
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Selected Combinations College of Engineering

(" Evaluations ) ’ ) ( ~
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Processing \ J J
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( ™\ | I
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Oregon State University

Selected Combinations College of Engineering
Variable Selection Count
Processing engine PAGES, MPAGES 2
Constellation(s) G, GR, GE, GRE 4
Durations 2,4,8, 12,18, 24- L6
hr : :
User stations ORGN (subset) i B9 r-------- 10,974 combinations
Day of year January 2023 i 31

Total files to process: 54,870
* MPAGES + PAGES: [10,974 * 4 systems] + [10,974 * 1 systems]

GPS, GLONASS, GPS Only
Galileo, Beidou

14



Task 9: Develop a National RTN Alignment Service

* Objectives: Develop a national service for
RTN operators/ managers to utilize to
ensure their networks are consistently o [ il

alimtion & select appropriste ref

RTM-CORS Data
“~31 days of 24-hour
RINEX Fles

B OPUS Project ID validation frame (ITRF2030)

aligned with the NSRS l

Basline P rocessing
Select HU BS and Perform

* Support for non-NGS CORS alighnment sestnprocemig i

y
Data Extraction
Parse Data From emailed
solution (PPPACSWEY)

b
Data Extraction

 Team: Chase Simpson (OSU, Lead), Brian e
Weaver (OSU), Ben Hocker (Yurok), William
Ohene (OSU)

e Dan Gillins (NGS SME)

Coordinate Transfo rmation
Transform coordinates from
ITRF2020to ITRF2014
{NGS* HTDF Utility)

VerifyOPUS-S Sdutions
Antenna Type, Height, &
Quality Indicators

e Current Focus Areas: e

for 3, 5,7, 10, 15, and 21 days
[ADJUST)

* Exploration of alternative methods to monitor
Real-Time Network (RTN) health

* Develop a semi-automatic workflow for et
aligning RTNs to the NSRS

* Create an accessible web-based interface to
empower surveying practitioners and RTN

Horizon tal Constrained Ad justment
Fully Constrained Adjustment
for3,5,7, 10, 15, and 21 days

{ADIIST)

¥

Combine Daly Solutions
Average computed for
3, 5,7, 10, 15, 3nd 21 daye

o 7)
¥¢_NGS CORS ® ORGN STATIONS @® SCRTN STATIONS

«Quality Thresholds Met?
Constraint Ratio: <3.3
Ftest: Pased

CPUS-STATIC FINAL OPUS PROJECTS CSRS-PAP

managers with real-time network alignment D W)
information R Levagos P58 GLORASS

15
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Evaluate common methods for Aligning RTN’s to the NSRS.

Investigate Methods for Monitoring RTN CORS alignment to the NSRS.

Perform a comprehensive comparison of PPP and relative baseline processing approaches for aligning
and monitoring RTN CORS

Provide NOAA NGS with recommendations to assist in the development of a new Tier of CORS (aka
“Aligned CORS Network”)

16



Alignment Methods: OPUS & CSRS

Methods Evaluated:

42D .
A\ Oregon State University
College of Engineering

Service Positioning Satellites Elevation Orbit Managed
Name Technique Cutoff Source by
OPUS -Static Relative GPS only 10° IGS NGS
OPUS - Projects Relative GPS only 10° IGS NGS
CSRS - PPP PPP GPS & GLONASS 7.5° IGS & NRCan NRCan

* Numberofdays:3,5,7,10,15 & 21

17
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Nemork Geome"v nesults Oregon State University
E

&y College of Engineering
Results: '
2.0

_ ORGN SCRTN
5
% 1.5 { i } ’ ’
% 1.0
49N S N BT T |
£ 00 itk bl R Rl PR pH HH'I HH“! HH-] }H-%-l HH»} Fpiegs
E 3 5 7 10 15 21 3 5 7 10 15 21
15
6
% 0.5 [
gMIMfHH;WﬁWWMHH_HW; M+MHWHHWM+ W+%W{
" EREE
%
~-25 3 5 7 10 15 21 3 5 7 10 15 21
Time Span (Days) Time Span (Days)
}  OPUS-PROJECT A (GPS only) ¢ OPUS-PROJECT D (GPS only) $ OPUS-STATIC (GPS only)
§  OPUS-PROJECT B (GPS only) #  OPUS-PROJECT E (GPS only) $  CSRS-PPP (GPS + GLONASS)

}  OPUS-PROJECT C (GPS only) ¢  OPUS-PROJECT F (GPS only)



Time Span Results
Results:
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A58 Oregon State University
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s College of Engineering
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Evaluate common methods for Aligning RTN’s to the NSRS.

Investigate Methods for Monitoring RTN CORS alignment to the NSRS.

Perform a comprehensive comparison of PPP and relative baseline processing approaches for aligning
and monitoring RTN CORS

Provide NOAA NGS with recommendations to assist in the development of a new Tier of CORS (aka
“Aligned CORS Network”)




Oregon State University

College of Engineering

Tiered CORS & Alignment

Specifications & Purpose:

i.e., Earthscope,
RTN managers,
Leica Smartnet,
Trimble VRS, etc.

Simply process their data; align to NSRS; do
not store data or QA/QC

v

Alighed CORS

Good stations for defining reference
frames; store data; perform QA/QC

v

Highest quality stations; store
data; perform QA/QC; maintain

v

Courtesy: Dan Gillins

Proposed Timeline
June 2024 [Prop ] » December2024 22




Adopting standards to maintain

consistency of automated alignment >

workflow

Utilizing the observation RINEX header ————

to parse all necessary information for
alignment

Consistent and descriptive naming

1868

Table 1. NGS requirements for station submission o be aligned with the ACORS nenwvork

. Daily (24-hour) observation period
. 30-second observation frequency (data sampling)

. Antenna header information including:

i.  Antenna type

ii. Approximate XYZ location of antenna reference point (ARP)

iii.  ARP position offset (Height, Easting, Northing)

. Hatanaka compressed RINEX with additional .gz compression

. IGS long filename convention

. Observation file shared to NGS

COMFACT RINEX FORMAT CRINEX VERS f TYPFE
o 0B=Rpr=24 00:20 CRINEX PROZ / DATE
CBSERVATION DATA ] RIMEX VERSION / TYPE
20240408 001450 UTIC PGM / RUN BY / DATE
MARFER HAME
MARFER HUMBER
MARFER TYFE
USHOC CREFRVER / AGENCY

A58 Oregon State University
c&5p College of Engineering

SEFT POLARXSTR 5.5.0 REC ¥ F TYFE [ VERS

i TPSCR. G5 IPsH RAT 0/ TYPE
62.1360 -4842854.6620 IBA5G49T.0645 AFFROX POSITION XYI
ag g y o

convention & compression scheme

Positions relative to the Antenna
reference Point

RINEX v3 formatted observation files
(enables logging of modern frequencies
and observation codes)

AUTENNE: DELIA M/E/N

REQUIRED HEADER

INFORMATION:

Receiver # / type / version

Antenna # / type
ARP position XYZ
ARP position offset

Figure 5. Receiver and antenna information provided in RINEX v3.xx formarited ebservation file for station USN7.

1. 24-hours (01 day) of data from station CORV, January 1%, 2024, starting 00:00 (GPS
time) 30-second observation frequency (data sampling rate), mixed observations,
Hatanaka compressed RINEX (crx), Geip compressed (gz).

‘ MA Jr
Monument & Data
Flecew Source

[le)i] L
3-Digit Day 2-Diget
of First AMinute of FFU
Epochof ||| First Epoch 2-Digit
D.sr.s m the ||| of Data in Observation
| the File | Fragquancy

& Unit

» [CcoRVpoUSA_R [2024001/0000] 01D_30S_MO.crxlgz |

]
[Filer Farmmal
Indicator

omg
Compression
Mathod

23



Table 4. Compression percentages and storage efficiencies of individual or combined compression schemes.

* Compression schemes/methods
for both consistency and
efficiency

*  Small directory size in and small
file size out

* Integral for higher-scaled station
and network alignment

1868

A58 Oregon State University
s College of Engineering

Compression & Data Total GB Compression (%)
Storage Efficiencies

No Compression (.0) 13.9 N/A
Hatanaka Only (.crx) 4.6 66.9% decrease
Gzip Only (.gz) 4.5 67.6% decrease
Hatanaka & Gzip (.crx.gz) 1.8 87.1% decrease

T A PATE AL MR w"’u ™~ End of header sscﬁonl

' Mon-compact formatted
| RINEX observation data
section

Fignre 12 Nov-compoct formatied RINEX ebservation data section for station AMCS

-

o | =

o \—| End of header section

Compact formatted RINEX
observation data section

wion dafa sechion for station AMCY

24
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Accuracy & Efficiency: Task 9
EXperiment

* Proposed experiment to further explore
accuracy of PPP and relative baseline
processing within the modernized NSRS

* Expand study by looking into efficiencies of
methodologies for networks comprised of
10,000s of stations

* Efficiencies include time to solution (TTS),
computational demand, human involvement
w.r.t automation

* Purpose is to align networks to
accommodate for real-time & close to real-
time needs while simultaneously assessing
station coordinate accuracy relative to the
NSRS)



PPP & Differential
4 N

Differential

A58 Oregon State University

1868

g5y Collegeof Engineering

Courtesy: Brian Weaver

Single-baseline

Single-station
2 Note:
o
X, o2 AX,p ZAX,AB , AXpp Xa—Xp
Yy 02, of 2;‘13 Oaxy,AB OAY,AB AYpp[=(Ya—VYp
AB 2 2 2 AZ Ly—172
Zy 0%, 0%, o2 OAxz,AB  OAYZ,AB OAZ,AB 4B 4 “B
Multi-station Multi-baseline
P 1 . i - 2 2 2 -
X4 Ox AX4p OAax,AB OAYx,AB OAZX,AB 0 0 0
Y, 2 2 2 2 2
ZA Oxy Oy : 2;43 Oaxy,AB OAv,AB OAzy,AB 0 0 0
A 2 2 2 AB 2 2 2
Oxz Oyz Ozl AX Opaxz,AB OAvyzAB  OAz,AB 0 0 0
AC 0 0 0 o? o2 o?
¥ - - AY,. AX,AC AYX,AC OAzZXx,AC
Y 2 2 [AZ ¢ 0 0 0 Oaxy,ac OAv,ac OAzy,Ac
; %y Oy 0 0 0 o? o? o?
Zp 2 2 2 i AxZ,AC OAvz,AC AY,AC
|0xz Oyz 07zl
Notes: Notes:

* Stations are not correlated (independent)

* Supports parallel processing

* Errors at one station do not affect other stations
* Problem grows linearly with number of stations

» Stations are correlated (dependent); baselines are independent

* Does not support parallel processing
* Errors at one station affect other stations

* Problem grows as the square of the number of stations

26
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College of Engineering

* A potential alternative to NSRS
alignment and network solutions

* AQA/QC tool for solutions
derived from OPUS

* Existing automated workflows
(Network Processor)

e Currently automated to
process PPP solutions

* GIPSYX has proven capabilities
to process over 2,000 stations to
derive network solutions (on a
weekly basis)

Source: https://sideshow.jpl.nasa.gov/post/series.html

27



Task 6: Multi-GNSS

* Objectives: Assist in the Development and
Testing of Multi-GNSS Processing Service

 Team: Jihye Park (OSU, Lead),Brian Weaver
(OSU), Chase Simpson (OSU), Althaf Azeez
(OSU), Mike Olsen (OSU), Muge Albayrak
(OSU) Caixia Wang (UAA)

 Current Focus Areas:

* Cycle Slip detection and repair for multi-
constellation, multi-frequency GNSS
observations

* Toinvestigate a robust CS algorithm for low
sampling rate GNSS preprocessing

e Qutlier detection and support NGS’s OPUS-
Static pre-processing functionality

INPUT: RINEX (Obs, Nav)

|

Create DB

!
CS Simulator

A

Manual CS Random CS

New DB with
intentional CS

Data handling

¥

I

OUTPUT: CS-free RINEX

Optional

For

each SV span

Image: https://galileognss.eu/what-is-galileo/

Elevation Angle

Residual(m)
& (=)

Residual(m)

I ete




. . 97 ‘ Oregon State University
Proposed Timeline for Task 6 CollegeofEngineering

e Part A: CS detection and repair (FY24-25)
— Tuning ORCyder (ORegon state university Cycle slip detection and repair)
 Part B: AR (FY25-26)

— AR methods for 30 sec and multi-constellation, multi-frequency data

— Interested in PPP Post-Processing Kinematic performance
 Part C: POD (FY26-27)

— Overlap with Task 1
e Part D: Atmospheric Correction (FY27-28)

— Interested in both meteorological and ionospheric corrections for positioning
improvement




Task Overiap & Shared Results

All tasks are correlated in one way or
another

lterative results (used to enhance or enable
research within other tasks)

Findings enable collaborative structure or
sub-task re-evaluation (redundancy or
diversity of expanding research)

Several potential studies to emerge from
tasks and ultimately support the objectives
of GCAP (improve the National Spatial
Reference System (NSRS) and to enhance
workforce development and geodetic science)

Oregon State University

y College of Engineering

Image Source: Dr. Lim Wee Chai
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OSU Faculty & Task Leads

* Primary GCAP Contact: Dr. Chris Parrish
Email: Christopher.Parrish@oregonstate.edu

 Task 1 & 4 Lead: Dr. Brian Weaver
Email: brian.weaver@oregonstate.edu

* Task 5 Lead: Chase Simpson, PLS
Email: chase.simpson@oregonstate.edu

* Task 6 Lead: Dr. Jihye Park (Currently on Sabbatical)
Email: jihye.park@oregonstate.edu

A\ Oregon State University

College of Engineering
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0SU Pursuing New BSc in Geodesy, Geomatics,
and Geospatial Engineering (3XGE)

* Currently in the exploratory phase

e Goal: Expand success of OSU’s graduate program and undergrad minor
in geomatics by adding new BSc program

* Help alleviate shortfall of geospatial professionals and geodesists in the
US

Core Curriculum to include: Additional Courses in:
- Programming - Cadastral Surveying
- Reference Frames / Map Projections - Photogrammetry
. Geodesy « 3D Laser Scanning / Reality Capture
. GNSS - Geodetic Surveying Methods
. Uncertainty Analysis » Hydrographic Surveying
. Least Squares Adjustments - GIS
. Inertial Navigation and Timing - Electrical & Computer Engineering

- Computer Science
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