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Solar Effects and CME’s
Impact the Ionosphere



EARTHS ATMOSPHERE





TOTAL ELECTRON CONTENT and SCINTILLATION

Severe scintillation conditions 

can prevent a GPS receiver from 

locking on to the signal and can 

make it impossible to calculate a 

position. Less severe scintillation 

conditions can reduce the 

accuracy and the confidence of 

positioning results.

The change in the path and velocity of radio waves 
in the ionosphere has a big impact on the accuracy 
of satellite navigation systems such as GPS/GNSS. 
Neglecting changes in the ionosphere TEC can 
introduce tens of meters of error in the position 
calculations.





Honolulu, Hawaii Ionosphere Information
June 21, 2024



HISTORIC SOLAR CYCLES

252423222120



SPACE WEATHER LIVE APP



ANCHORAGE IONOSPHERIC TEC/INDEX/SCINTILLATION

JUNE 6, 2024

MAY 11, 2024



SALEM, OR IONOSPHERIC TEC/INDEX/SCINTILLATION

MAY 11, 2024



Receiver WebUI GPS Tracking 



Current GPS Satellite Constellation



Receiver WebUI GLONASS Tracking 



Receiver WebUI GALILEO Tracking 



Currently, 23 satellites are operational, 2 are under 
commissioning, 4 are not usable and 1 was retired. The 
remaining 8 FOC satellites have completed manufacturing and 
testing. They are currently in storage awaiting launch by Falcon 
9 and Ariane 6.

Galileo Satellite Constellation Update 



Receiver WebUI BeiDOU Tracking 



BeiDOU Satellite Constellation Update 

Recent launch and surveillance fears
On May 16, 2023, China launched its most recent BeiDou satellite to 
replenish the constellation, bringing its total to 56 satellites, nearly 
twice as many as the 31 GPS satellites.
The latest BeiDou satellites also feature two-way messaging, a 
feature that GPS does not have. It is mainly available in China and 
requires special chips that are not widely available in the consumer 
market. It enables users to send short messages in areas without 
ground network cell coverage and can be used for search and rescue 
operations.
The CNBC report noted the fear that, with its most recent 
enhancements, the BeiDou system could be used as a surveillance 
device — as the two-way messaging feature reveals a user’s 
locations as well as other types of data.

https://www.gpsworld.com/china-completes-multiple-satellite-launches-that-include-replenishing-the-beidou-constellation/


Minimum Receiver Firmware 
Version 6.23/ProPoint



IONOSPHERIC MITIGATION PLATFORMS

TRIMBLE NAVIGATION
NOVATEL



No IONOGUARD at Base and Rover

Trimble IonoGuard Testing in Anchorage 2-3-24

Derivations 
from Control

Horizontal and Vertical Precisions



IONOGUARD Base and Rover

Trimble IonoGuard Testing in Anchorage 2-3-24

Derivations 
from Control

Horizontal and Vertical Precisions



No IONOGUARD at Base and Rover

Trimble IonoGuard Testing in Anchorage 6-1-24

Derivations 
from Control

Horizontal and 
Vertical Precisions



IONOGUARD at Base and Rover

Trimble IonoGuard Testing in Anchorage 6-1-24

Derivations 
from Control

Horizontal and 
Vertical Precisions



Trimble IonoGuard Testing in Anchorage 6-1-24
Precision Histogram Details

NON -
IONOGUARD

IONOGUARD



WHAT IS PRECISE POINT POSITIONING (PPP)RTX  

OmniSTAR is a satellite-based augmentation system (SBAS) 

service provider. OmniSTAR correction signals are proprietary, 

and a subscription must be bought from the OmniSTAR

corporation to receive a subscription authorization. OmniSTAR

uses geostationary satellites in eight regions covering most of the 
landmass of each inhabited continent on Earth:

Wide Area Augmentation System WAAS was Certified 

By the FAA in 2003. Currently 3 Satellites in orbit. Prior to President 

Bill Clinton discontinuing Selective Availability autonomous GPS 

was +/- 100meters.

HEXAGON TERRASTAR “RTK From The Sky” PPP Technology

Sub-Inch Accuracy: TerraStar offers centimeter-level positioning 

accuracy for applications like precision agriculture. This high 

precision is available worldwide.

Multi-Constellation Corrections: TerraStar provides corrections 

for multiple satellite constellations.These corrections are 

accessible through compatible NovAtel GNSS/GPS receivers

https://en.wikipedia.org/wiki/SBAS
https://en.wikipedia.org/wiki/Geostationary_satellites


TRIMBLE RTX – HOW IT WORKS

RTN/ORGN INFILL SOLUTIONS



<1 meter

<50 cm

<10 cm
<2 cm

RMS performance based on repeatable in field measurements. 

Achievable accuracy and initialization time may vary based on 

type and capability of receiver and antenna, user’s geographic 

location and atmospheric activity, scintillation levels, GNSS 

constellation health and availability and level of multipath 

including obstructions such as large trees and buildings.

     RMS



RTX FAST SERVICE COMPLETED FOR CONUS!!

May 5, 2020 !!!



NO  BASE STATION, VRS OR CELL REQUIRED

RTX Requirements
• GNSS Satellite visibility
• Good view of the southern 
       sky (Location of the L-band satellite)
• RTX Compliant GNSS Receiver
• Mission Planning
• Be Careful working around Obstrucations

• Tall Buildings, Canyons                                                                      
and Heavy Canopy

Topography, boundary work, stakeout or as-built

Large Boundaries & Asset Mapping, Cadastral Mapping



INCORPORATION OF HTDP 3.2.9 TA 2020.20



QUALITY CONTROL QC1, QC2 AND QC3

QC3 = Sigma North, East and Elevation with Corresponding 

Error Ellipse Components 

QC2 = Variance Co Variance unbiased statistical 

values used in a Network Adjustment



OREGON PPP/RTX  ACCESS FIELD TEST 
ROCK QUARRY



OREGON PPP/RTX  ACCESS FIELD TEST 
FOREST ROAD

H=0.03’ V=0.14’



OREGON PPP/RTX/ORGN ACCESS FIELD TEST 
NGS “PILOT BUTTE”

H=0.03’ V=0.14’



OREGON PPP/RTX/ORGN ACCESS FIELD TEST 
NGS “H 113”

H=0.03’ V=0.14’



• Better than 2 cm horizontal 

accuracy (1 hour of observation 

recommended, 24hr max)

• Now with BeiDou data

• Supports a variety of receivers and 

file formats

• User selectable reference frames

• Use now at www.trimblertx.com

CENTERPOINT RTX POST-PROCESSING SERVICE

http://www.trimblertx.com/




TRIMBLE RTX PP REPORT



Game Changer 1: RTX “Fast” CONUS COVERAGE
PRIOR TO TA 2020.00

PRIOR TO TA 2020.20



FYI: Data Collection/Coordinate System Settings

3P           7P

14P



ITRF2014 – constant frame, rotating plate

51



NAD83 – rotating frame, constant with plate

52



ITRF2014 to/from NAD83
ITRFtoNAD83_USA_Video.mp4

http://drive.google.com/file/d/1xGWHYa24__eAJUd-vecw_kLtH24bX-o4/view


North 
American 
and Pacific 
Plate 
Velocities



DISPLACEMENT MODELS: HTDP 3.2.9            3.50 

at  https://frontierprecision.com/wp-content/uploads/Trimble-Def-Models.pdf 



DISPLACEMENT MODELS: HTDP 3.2.9            3.50 



Local displacement models



Minimum Receiver Firmware 
Version 6.23/ProPoint

Precise Point 
Positioning RTX Test
Arvada, CO 6/7/2024 



PPP/RTX TESTING – SOLAR AND IONOSPHERIC 
ACTIVITY 6/7/2024

5 HOURS 7 MIN10:38 AM 3:45 PM



PPP/RTX TESTING – DELTAS FROM CONTROL 
WITHOUT IONOGUARD TECHNOLOGY



PPP/RTX TESTING – PRECISIONS 
WITHOUT IONOGUARD TECHNOLOGY



PPP/RTX TESTING – DELTAS FROM CONTROL 
WITH IONOGUARD TECHNOLOGY



PPP/RTX TESTING - PRECISIONS 
WITH IONOGUARD TECHNOLOGY



•Bob Green, PLS Geospatial Analyst

•Bob@FrontierPrecision.com

•303-728-4984

THANK YOU 
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