Workshop June 14th, 2019



8:30-9:00

9:00-9:45

9:45-10:45

10:45-11:00

11:00-12:00

12:00-1:00

1:00-1:30

1:30-2:15

2:15-2:30

2:30-3:00

AGENDA

Coffee & pastries; networking.

Welcome & business meeting. Whats new from NGS and
GNSS Market watch by Casey Varnum.

Remote Sensing Power Hour. GNSS theory in remote sensing
and applied uses. Presented by Chris Glantz and Jon
Rawlings of Oregon Department of Transportation.

Break

“Surveying For Gold” Presented by Mark Armstrong and Jim
Colton.

Lunch

PPP processing with Drones, presented by Brian Weaver,
PhD Candidate at University of Nottingham.

OSU Geomatics updates and new projects, presented by
Jihye Park, PhD. OSU College of Engineering.

Break

ORGN Update, presented by Randy Oberg of Oregon
Department Of Transportation.



News in the GNSS
Community

Updates from NOAA NGS

2018 GNSS User Technology Report highlights
New products on the market

Stating accuracy



NOAA NGS Updates

New Geoid model GEOID18 to be released this year.
Multi Year CORS Solution 2 has been completed.

- New Coordinate and Velocities computed for CORS.
- ITRF2014 used for horizontal values.



New Geoid18

Majority of the update comes from GPS on Benchmarks!
Also includes data from:

- Better topography data and DEM techniques

- New gravity data from satellite measured gravity missions
- New airborne gravity data from NGS GRAV-D missions

- Improved Geoid modeling techniques.
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Geoid 18 Continued

- Last hybrid model to be released before NAPDG(2022)

- Intended to be used with NAD83 2011 Reference Frame.

- Betaversionreleased in March 2019, currently under public review.
- Will likely be released as “official” soon.

- Alaska opted out of new Geoid Model.



ITRF2014 for CORS Positions and Velocity

Multi Year CORS Solution (MYCS2)

- Need for update coordinates and velocities based on:
- Earthquakes in SE Alaska (2013.005), Napa Valley Earthquake (2014:236), Other
Earthquakes in Alaska, British Columbia, Chile, NZ, South Pacific.
- Hundreds of new CORS
- MYCS2 positions are ITRF2014 Epoch 2010.00
- Average difference new reference frames is 5mm for NAD83(2011) epoch 2010.00



Vertical Position Difference: MYCS1 - MYCS2

revees

NOAA-NGS




MY CS2 Vertical Velocity

mm/year
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Impressive Stats!

Data included from 1996 to 2016 (1100 weeks)
3050 CORS

25TB of Data processed!



Horizontal Position Difference: MYCS1 - MYCS2
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Horizontal Velocity Field - ITRF 2014

NOAA-NGS




Path to NATRAF 2022

Ideal frames such as ITRF will be converted to NATRAF 2022 through plate motion rotation

constants associated with Euler Poles.
Since the mathematical relationship between ITRF2008 and ITRF2014 is unknown, a

transformation kit for both will be available for converting to 2022.

National Geodetic Survey

Strategic Plan
2019-2023

Positioning America for the Future
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Figure 1: Vectors of horizontal velocity at 114 Continuously Operating Reference Stations (CORS) NOAA - NGS

used in the “reprol” solution at NGS, as well as its associated Euler Pole solution, for the North
American Plate. Also shown, for comparison, is the ITRF0O8 Euler Pole solution. Error ellipses are also
shown to represent the uncertainty in both the magnitude and azimuth of the velocity vector.



Transformation for Rigid Plates

for North America.

-\. L o, Four TRFs will be created
6 e it

Figure 6: A rotating tectonic plate (green) and its Euler Pole (dashed green arrow and red dot).
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User Considerations

- Feedback on Geoid 18 and testing.
- Uploading data to NGS will be valuable for the foreseeable future.
- RTK baselines will be accepted.
- Check coordinates of control points through OPUS. MYCS1 and MYCS2 values.
- Pay attention for various transformation tools.



Q0O S—-

GNSS USER TECHNOLOGY REPORT k\\\“’%
ISSUE 2




“All components of GNSS
receivers are subject to
intensive development.”

- GNSS User Technology Report,
2018
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- Antenna capabilities
drive receiver
performance.



Broadcom L1/E1 + L5/E5

Released in May 2018.
30 cm accuracy stated.
Galileo signals are critical to success.

Possibly will be a consumer differentiating factor in cell phone selection (Maybe).
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GNSS FREQUENCIES INTHE L BAND

Check what frequencies
your equipment is
compatible with.
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GNSS User Technology Report | Issue 2, 2018



GNSS Augmentation in Different Environments
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Geofencing Robots

GEOFENCING AND DYNAMIC GEOFENCING SCHEME
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Improve GNSS
accuracy is a
fundamental building
block of autonomous
navigation.



Timescale - Automated Navigation

THE EVOLUTION OF AUTOMATION

Maritime
Production line Advanced driver Autonomous Level 4 self-driving Level 5 self-driving
automation aids Surface Ships vehides’ vehides?
Mechanisation Control theory Autopilots Basic automated Fully automated
drone traffic drone traffic
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Timeline for Shipping Automation

Autonomy levels (AL) adapted from Lloyds Register
As shipping develops more autonomous vessel technology Lloyd's Register produced a method
to classify the level at which machines and humans interact in controlling ships.

i

ALO AL 1 AL?2 AL3 AL4 ALS ALB

& @ & & @ @ > @
Manual Steering Decision support Onboard or Execution with Execution with Monitored autonomy — Full Autonomy
Operator on board on board shore-based human being human being decisions by system
decision support who monitors and who monitors and
approves can intervene
Next steps...

Unmanned ships will most likely start with local applications.

Remotely operated local vessel: Remote controlled Remote controlled Autonomous unmanned
reduced crew with remote support unmanned coastal vessel unmanned oceangoing ship oceangoing ship
and operation of certain functions

Source: Marine Electronics & Communications ~ 1* Quarter 2018. www.marinemec.com



New Products on the Market

Self Driving Cars is likely the largest factor for cheap GNSS.
Survey and mapping industry will benefit from these cost reductions.

Tiers of accuracy options widely available.



GPS on Chickens!

Your chicken was healthy, but was it
happy?

ZhongAn Technology partnered with
Opentrust Technology to create “GoGo
Chicken”

100,000 trackers in place. Planned to be
in 2,500 farms in China by 2020.

Photo: ZhongAn Technology
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BeiDou B1, Galileo E1, SBAS
ORDER NOW
Tracking channels: 72
IMU: 9DOF

Update rate: 14Hz/5Hz
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IMU, GNSS and INS Systems

GNSS improvements complement INS precisions.

- ITAR Free IMUs are becoming more popular and produced in large scale.
- Can be sold Internationally without rigorous oversight.

MEMS (Micro Electric Mechanical Systems) are gaining popularity mostly associated with cost.



SWIFTNAYV Duro Inertial

Performance During
GNSS-RTK Outages

Position Accuracy
2-Sigma (m) RMS

Velocity Accuracy
(m/s) RMS

Outages :I'::: Position | . zontal Vertical Horizontal Vertical
1second RTK 0.02 0.06 0.035 0.020
5 seconds RTK 0.05 0.09 0.040 0.030
10 seconds RTK 0.17 0.16 0.055 0.045

The accuracy of position and velocity solutions provided during GNSS outages is dependent
on the accuracy of solutions prior to the GNSS outage. The table above represents solution
performance during GNSS outages directly preceded by RTK fix GNSS solutions.

www.swiftnav.com



Consider when Buying

Constellations supported?
What frequencies are supported?
Software/Firmware capabilities and frequency of updates.

Accuracy statements of products.



Expressions of Accuracy

“Accuracy”

- TheFederal Geographic Data Committee (FGDC) defines accuracy as 2 sigma (95%) confidence
interval.
- Same as the American Society for Photogrammetry and Remote Sensing (ASPRS).

RMSE

- Uses 68% confidence interval.
- Oftenused as an accuracy statement



ASPRS - Vertical Accuracy Reporting for Lidar Data

NMAS NSSDA NSSDA Required Accuracy
Equivalent Contour RMSE, Accuracy, for Reference Data
Interval for
“Tested to Meet”

0.5 0.15 ft or 4.60 cm 0.30 ft or 9.10 cm 0.10 ft

1 0.30 ft or 9.25 cm 0.60 ftor 18.2 cm 0.20 ft

2 0.61 ft or 18.5 cm 1.19 ftor 36.3 cm 0.40 ft

4 1.22 ft or 37.0 cm 2.38 ftor 72.6 cm 0.79 ft

5 1.52 ft or 46.3 cm 2.98 ft or 90.8 cm 0.99 ft

10 3.04 ft or 92.7 cm 5.96 ftor 181.6 cm 1.98 ft

Table 1 Comparison of NMAS/NSSDA Vertical Accuracy




USGS - Base Lidar Specification V1.3

Table 4. Absolute vertical accuracy for light detection and ranging data and digital elevation
models.

[QL, quality level, RMSEZ, root mean square error in the z direction; NVA, nonvegetated vertical accuracy;
VVA, vegetated vertical accuracy; m, meter; <, less than or equal to]

Quality level (nnn:::feiEéted) NV;::i::l:“ii-lll:;:leni ST ﬁ:‘ LT
(m) (m)
QLO <0.050 <0.098 <0.15
QLI <0.100 <0.196 <0.30
QL2 <0.100 <0.196 <0.30

QL3 <0.200 <0.392 <0.60




NSPS Recommendations

National Society of Professional Surveyors recommends to use 95% confidence interval with point
clouds.

- Widespread usage.

- Higher point density - Especially airborne.

- Consistency with reporting.

- Acceptance of point clouds as survey grade data.



Thank you!

Contact info:
Casey Varnum
Varnum.Casey@gmail.com

503-784-2964



