


GNSS
“New Signals in 

Space” – Revisited

• Session Objectives

• Review of GNSS Satellite Positioning Systems

• Discuss GNSS Modernization “New Signal in Space”

• GPS, GLONASS, BeiDou and GALILEO

• Atmospheric and Ionospheric Errors

• Free Online Planning Tools

• What if OPUS Goes Down?

• Free Resources
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Bob Green, PLS
Geospatial Analyst
Frontier Precision

• Geospatial Analyst – Frontier Precision / 5.5 + Years

• Professional Land Surveyor – 33 years
• 46 years Total Land Surveying Experience

• Past 2 Term Member of The Monitor Panel to the (NKA) 
Colorado State Board of Licensure for Architects, 
Professional Engineers and Professional Land 
Surveyors

• Past 2 Term Member of the Survey Engineering 
Industrial Advisory Committee – New Mexico State 
University

• Published Author, Public Speaker and Measurement 
Technology Advocate

• Government and Private Sector Trainer and Consultant
• US Air Force Space Command Wing, US Marine Corps, 

Department of Defense, US Border Patrol, Army Corps 
of Engineers, USBR at Hoover Dam Homeland Security 
and NASA at White Sands Test Facility

• GPS/GNSS Pioneer and Innovator 

• Retired Rodeo Cowboy and Rancher 





• Global Positioning System (GPS) 

•  Global Orbiting Navigation

      Satellite System (GLONASS)

 

•  GALILEO Satellite Navigation System

  

•  BeiDou 3 (BDS)

•  Quasi-Zenith Satellite System (QZSS)

•          

•                 Indian Regional Navigation

                 Satellite System (IRNSS) 

                                                    (NavIC)

GNSS Constellations

The Quasi-Zenith Satellite System (QZSS) has a ground 
station in Hawaii at Kokee Park. QZSS is a Japanese 
satellite system that provides positioning and 
communication services to the Asia-Oceania region.



GNSS Constellations Orbits



GNSS
GPS
Global
Positioning
System



•GPS: Global Positioning System

• US Department of Defense Satellite System

• 31 Current Operational Satellites 

• First GPS Satellite Launched February 22, 
1978, IOC 3/23/1994, FOC 7/17/1995

• Codeless/Semi-Codeless Signals Support 
will discontinue 2 years after 24 L5 Sats 
are in the Constellation  
https://www.gps.gov/technical/codeless/

• GPS Block III continued

• First GPS III tracked January 13th, 
2020 (SVN 74)

• 10 GPS Block III’s Developed and 
Manufactured by Lockheed Martin, 
Waterton Canyon, Littleton, CO

• 6 Currently Operational

• Future: GPS Block IIIF (Follow On), 
will include 22 SV’s being developed 
by Lockheed Martin

https://www.gps.gov/technical/codeless/


July 20, 1969, Neil 
Armstrong Walks on 
the Moon

Lunar Laser Ranging Retro Reflector

 - Block IIIF Satellites



Current GPS Satellite Constellation – TRI-FREQ!



Receiver WebUI GPS Tracking 
Iono – 
A green, yellow, orange, 
or red icon indicates the 
level of ionosphere 
disturbance that the RTK 
base station is experiencing 
on each satellite.

GOOD 
URA’s
See Next 
Slide!
1.Alternative BOC (altBOC): This type 

combines multiple BOC signals to improve 

performance.

2.Multiplexed BOC (MBOC): This type 

combines BOC and other modulation 

techniques to enhance signal robustness.

3. L1C - BOC



GPS L2c Modernized Signal 



GNSS

•GPS
• L5 – 1176.45Mhz

• Currently satellites broadcasting L5 
= 12 IIF’s + 6 Block III’s

• 3rd Carrier Observable
• Positive impact for surveying

• Due to wide bandwidth and 
comparatively longer spreading 
codes, the L5 signal is expected 
to give a high processing gain

• Improved Ionospheric Modeling
• Will enhance RTK vector lengths



• GPS
• L1C goes live -1575.42Mhz 

(On GPS III SV’s (6) )
• Stronger signal than 

traditional L1
• More accurate signal 

than traditional L1
• For better 

intercommunication with 
other GNSS 
Constellations

GNSS



GNSS

•GPS Modernization
• GPS III Benefits

• GPS III will broadcast 4 civilian signals

• L1 C/A

• L2C

• L5

• L1C

• The new L1C signal is compatible with other GNSS constellations 

• Europe - Galileo

• China- BeiDou

• India -  IRNSS

• Japan – QZSS

• Anti-Jamming Technology

• GPS III, launched without Selective Availability (SA) feature



GNSS

• GPS Modernization

• Control Segment

• Legacy Accuracy Improvement Initiative

• Completed in 2008

• Expanded monitor stations from 6 to 16

• Now 12 Command and 16 Monitor Stations

• GPS Intrusion Protection Reinforcement – Nov ‘15

• Operational Control System (OCX)

• Improved Support, Monitor, and Control



Receiver WebUI GPS Tracking 

192.168.142.1/ User Name: admin/ Password: password



GNSS
GLONASS
Global Navigation 
Satellite System



• GLONASS
• Russian Aerospace Defense Forces

• 26 Total Satellites in Constellation
• 24 Current Operational Satellites
• October 2011 returned to full 

constellation of 24 Satellites
• Cooperation between Russia and 

India dates back to December 
2004

• 3 Orbital Planes/8 Slots per plane
• Originally Supplementary now more 

Complementary to GPS
• July 2013 – Proton Rocket Crash

• 3 GLONASS SV’s destroyed
• Ephemeris Issues throughout 2016

GNSS



GLONASS Signal Structure

Designation Frequency Description

L1 1598.0625-1609.3125 MHz Legacy GLONASS and GLONASS M FDMA broadcasted signal

L2 1242.9375-1251.6875 MHz Legacy GLONASS and GLONASS M FDMA broadcasted signal

L3OC 1202.025 MHz GLONASS K and K2 CDMA broadcasted signal

L1OC and 
L2OC

1600.995 MHz (Centered)
1248.06 MHz (Centered)

GLONASS K and K2 CDMA broadcasted signal

L5OCM 1176.45 MHz GLONASS KM Satellite broadcast CDMA signal



GLONASS Satellite Evolution



Current GLONASS Satellite Constellation

Datum            PZ 90



GLONASS Control Segment

• Operated by Russian 

Government

• 13 Stations within former 

Soviet Union Territory

• 5 Stations in Brazil – 

Working on a 6th – Contract 

Signed for a 7th 

• 1 Station in South Africa @ 

Hartebeesthoek Radio 

Astronomy Observatory



Receiver WebUI GLONASS Tracking 



GNSS
GALILEO
European 
Space Agency



GNSS

•GALILEO
• European Union and European Space Agency

• Civilian Control
• Global Coverage
• First Service offerings – 2016

• Multiple Signal Services
• Full Coverage (30 SV’s) planned – 2020
• First 2 Operational SV’s launched 2011
• 2014 – Faulty Launch

• 2 SV’s in wrong Orbit
• Year Long “Einstein Test” to correct

• currently 27 usable SV’s (28 in orbit)
• E1, E5 and E6 frequencies CDMA RHCP



Galileo Control Segment



Galileo Satellite Tracking  



GNSS
BeiDOU 
“Big Dipper”



•BeiDou (Big Dipper) – Chinese 
Satellite Navigation System
• Three Step Strategy

• Phase 1 - 2000-2003 Launch 3 Experimental 
BeiDou Satellites

• First Satellite Launch: October 30, 2000 
(BeiDou 1A) Regional Coverage of China

• Phase 2 - By 2012 – BeiDou Regional Coverage of 
China and Asia Pacific Region / (BeiDou-2 AKA 
Compass)

• Phase 3 – By 2020 – Global BeiDou Navigation 
System (BDS-3)

• Schedule to be complete in 2020

• Final Launch June 23, 2020 – 35 Satellite 
Constellation

• 1 Master Control, 2 Upload Stations and 30 Monitor 
Stations

• Global Accuracy

• 3.6m Horizontal / 6.6 Vertical



BeiDou Satellite 
Constellation

• 6 Orbital Planes

• 35 Satellites

• 5 Geostationary

• 27 in Medium Earth Orbit (MEO)

• 3 in Inclined Geosynchronous Orbit

• 55 Degree Inclination

• Altitude

• 21,500 km (MEO)

• 38,300 km (HEO)



BeiDou 3 Signal Structure 

BOC Modulation developed to allow interoperability of satellite navigation systems 
and to improve multi-path mitigation



Receiver WebUI BeiDou Tracking 



No Satellites

Trimble On-Line Planning Tools

N 39-48-18 / W 105-03-20 Arvada, Colorado



No Sat’s

Trimble On-Line Planning Tools

DOT Juneau, Alaska



Trimble On-Line Planning Tools

N 00-00-00 / W 105-03-20 Equator, Pacific Ocean



• Better than 2 cm horizontal 

accuracy (1 hour of observation 

recommended, 24hr max)

• Now with BeiDou data

• Supports a variety of 

manufactures receivers and file 

formats

• User selectable reference frames

• Use now at www.trimblertx.com

CENTERPOINT RTX POST-PROCESSING SERVICE

FREE MANUFACTURER GENERIC SERVICE

http://www.trimblertx.com/




American Surveyor Magazine GNSS/PPP Article



American Surveyor Magazine Hoover Dam “POC” Survey



THANK YOU 

•Bob Green, PLS 

•Geospatial Analyst

•Bob@FrontierPrecision.com

•303-728-4984
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