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What is a CORS? 

• Continuously Operating Reference Station (CORS) 
o A permanent Global Navigation Satellite System 

(GNSS) receiver, antenna (with a surveyed reference 
position), and support equipment 



What is a CORS? 

• Continuously Operating Reference Station (CORS) 
o NC CORS Network 

 Composed of 83 CORS 

 4 new CORS have been installed 

 Salisbury (NCSA) 

 Roanoke Rapids (NCRR) 

 New Bern (NCNB) 

 Bodie Island (NCBI) 

 2 new CORS are being installed 

 Collects data 24/7 at 1 second intervals 

 Receiver type 

 77 GPS+GLONASS 

 6 GPS 

 



Former Pea Island CORS 

Carolina Country magazine source of imagery 



What is a CORS? 

• Continuously Operating Reference Station (CORS) 
o CORS in NC that are in the National CORS 

network but not included in the Real Time 
Network (RTN) 

 New Bern NDGPS (NBR5 and NBR6) 

 Greensboro NDGPS (NGR5 and NGR6) 

 Plate Boundary Observatory CORS at 
Rosman (P779) 

 Charlotte (CHME) 

 Conover (CONO) 

 Hillsborough (HILB) 

 



National CORS 

• National CORS Benefits 

• Included in OPUS 
solutions 

• Monitored by NGS (60 
day plot) 

• Will be include in any 
future national 
adjustments 

 







Operational & Proposed  
 (CORS)  



North Carolina 
 Real Time Network 

(RTN) 
Upgrade 



CORS/RTN Upgrade 

• New Servers 

– Three (3) dedicated 
servers 

– Housed in the western 
data center  

• Software upgrade 

– VRS3-Net 

• New features for users 

– Network status 

– Improvements in iono 
models 

– Access flexibility 

 

• Schedule 

– Servers purchased and 
installed 

– Software purchased 

– Installation of software 
has been completed 

– Beta testing completed 



CORS/RTN Upgrade 

• NCGS operated both systems until to Geoid12 
was available 

 

• The new CORS/RTN  system will utilize 
coordinates from the Multi-Year CORS 
Solution (MYCS) 

– NAD83/2011 
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TOPOGRAPHIC SURFACE 

h = Ellipsoidal Height (GPS) 

N = Geoid Height (model) 
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N 

  Geoid 
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  (GEOID12A) 

Ellipsoid, Geoid, and Orthometric Heights 

With 2 known heights we can calculate the 3rd 



Geoid Model History 







RTN Upgrade Notice 
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RTN Coverage Area 



RTN Upgrade 



RTN Upgrade 





RTN Upgrade 



RTN Upgrade 



RTN Upgrade 



RTN Upgrade 



RTN Upgrade 



RTN Upgrade 



RTN Upgrade 



CORS Installation Components 

•Planning 
•NGS Guidelines 

•Hardware 

•Monumentation 

•Software 

•Communication 

•Installation 
•Documentation 

•Submittal to NGS 

 

 

 

Guidelines for New and Existing Continuously 

Operating Reference Stations (CORS) 

National Geodetic Survey 

National Ocean Survey, NOAA 

Silver Spring, MD 20910 

February 2006 



CORS Hardware 

• GNSS Receiver 

• Uninterruptible Power 
Supply (UPS) 

• Receiver location 

• Surge protection 

• Internet connection 



CORS Hardware 

• GNSS Antenna 

• Antenna Type 

• Type of leveling device 

• Antenna location 

• Monumentation/mounting 

• Lighting protection 

• Grounding 

• Antenna cable 

• Length/Type 

• Routing 



Guidelines –Equipment 
Antennas 

-L1 and L2  

-Radomes NOT recommended  

WHY: distort signal and not required in design of antenna 

-Oriented to true North  

WHY: apply antenna phase center values correctly 

-Reference mark to antenna reference point (ARP) 
constant 

WHY: change antenna same coordinate 

 

 



CORS Hardware (Leveling Devices) 





Site Selection 

• Clear view of the sky 

• Unobstructed view of the horizon 
360 degrees 

• No nearby signal reflectors 

• 0.5 m to 1.5 m above horizontal 
surfaces 

• No nearby signal transmitters 

• 300 meters 

• Stability 

• Thermal expansion 

• Wind loading 

• Soil expansion/contraction 



Site Selection 

• Reconnaissance 

• Visibility diagram 

• Photographs of proposed location 

• Measurements for monumenatation 

• Cable routing and type 

• Are drilled holes required in walls 

• Length of cable 

• Type of cable (LMR400 or LMR600) 

• Internet connection 

• Collect 24 hours of data 



Site Selection 



Site Selection 

• Building Mount 

• Brick/block  or concrete 
building 

• Building must be 5 years or 
older 

• Chimney mount requires that 
chimney be filled with 
concrete 

• No Metal Roofs!!!!! 

 



Monumentation 

• Ground Monumentation 

• Concrete 

• Metal 



Monumentation 

• Drilled-Braced  

• Most stable  

• Specialized equipment 
required for installation 



Monumentation 

• Building Mount 

• Rooftop attachment 

• Wall attachment 





CORS Administration 

• Latency 

• Bandwidth 

• Transmission medium 

• Router and switch performance 

• Firewall 

• Wireless network voice/data traffic 



CORS Administration 

• Reference Station Datum 

• Benefits of using a reference datum that is 
consistent with the datum used by NGS 

• Easy to verify 

• Consistent with National CORS 

• Can use OPUS to position RTN CORS 



CORS Administration 

• Reference Station Datum 

• Ramifications of using a datum that differs from a 
datum utilized by NGS 

• OPUS and RTN solutions are based on different 
reference datums 

• OPUS can not be used to check RTN solutions 

• RTN can not be used to check OPUS solutions 

• Could create confusion with users 



CORS Administration 

• Connection to NSRS 
• Recommend local static surveys be 

performed to connect RTN CORS with 
local NSRS passive stations 

• NCGS uses NGS-58 to connect 
the CORS to the NSRS 

• Three (3) HARN 
monuments 

• Two (2) local CORS 
reference monuments 

 

 

 

Asbury 
Cayton 

Craven 

CORS CORS  

reference 

monuments 



CORS Administration 

• Connection to NAVD88 
• Connection completed before CORS antenna is installed 

or afterwards if offset leveling plate has been installed 

• Field techniques 

• Geodetic leveling 

• Trigonometric leveling 

• NGS -58 survey 



Texas’s  Approach Geodetic Leveling to CORS ARP 



Texas’s  Approach Geodetic Leveling to CORS ARP 





 NC Geodetic Survey  
on Twitter 

  
• NCGS has developed a Twitter 

web page 
(http://twitter.com/ncrtn), which 
is similar to the NCDOT  Twitter 
page (http://twitter.com/ncdot) 

• Provides information on the status 
of NC CORS, RTN, and other web 
features. 

 



Space Weather 



NOAA Space Weather Warnings 



2012 CORS  
Upgrade 

• GPS to GPS+GLONASS 

• Durham (DURH) 

• Sanford (SNFD) 

• Troy (NCTR) 

• Winston Salem (NCWS) 

• New CORS 

• University of NC at Charlotte 

• New location 

• Move HAYW at Haywood Community College to Bethel 
Elementary School 

 

 









   Better Positions and 

Improved Access to the    

National Spatial Reference System 

The National Adjustment of 2011 
and related National Geodetic Survey 

products & services 

Scott Lokken 

NGS State Advisor (NC) 
scott.lokken@noaa.gov 



• The National Spatial Reference System 
– A (very) brief history of NAD 83 

– The latest realization: NAD 83(2011) epoch 2010.00 

• Related and dependant NGS products & services 
– The Multi-Year CORS Solution (MYCS) 

– OPUS 

– A new hybrid geoid model (GEOID12) 

– New NAD 83 coordinate transformations 

– New NGS Datasheet format 

– Subsequent Development of GEOID12 (In progress, 
waiting on NAD83(2011) heights) 

 

 

Contents: 



A (very) brief history of NAD 83 
• Original realization completed in 1986 

– Consisted (almost) entirely of classical 
(optical) observations 

• “High Precision Geodetic Network” 
(HPGN) and “High Accuracy Reference 
Network” (HARN) realizations 
– Most done in 1990s, essentially state-by-

state 
– Based on GNSS but classical stations 

included in adjustments 

• National Re-Adjustment of 2007 
– NAD 83(CORS96) and (NSRS2007) 
– Simultaneous nationwide adjustment 

(GNSS only) 

• New realization: NAD 83(2011) epoch 
2010.00 



Introducing… 

NAD 83(2011) epoch 2010.00 

• Multi-Year CORS Solution (MYCS) 
– Reprocessed all CORS GPS data Jan 1994-Apr 2011 
– 2264 CORS & global stations 
– NAD 83 computed by transformation from IGS08 

• National Adjustment of 2011-- NAD83(2011) 
– New adjustment of GNSS passive control 
– GNSS vectors tied (and constrained) to CORS  

NAD 83(2011) epoch 2010.00 
– Approximately 80,000 stations and 

400,000 GNSS vectors 

• Realization SAME for CORS 
and passive marks 

• This is NOT a new datum! (still NAD 83) 
 



Why a new NAD 83 realization? 

• Previous NAD 83(CORS96) needed many improvements 

• NSRS improvements achieved with the MYCS include: 
– Consistent coordinates and velocities from combined solution 

– Aligned with most recent realization of global frame (IGS08) 

• IGS08 epoch 2005.0 (previous aligned at epoch 1997.0) 

• NAD 83 epoch 2010.0 (previous epochs of 2002.0 and 2003.0) 

– Major processing algorithm, modeling, metadata improvements 

– Absolute phase center antenna calibrations 

• Highly accurate and consistent CORS coordinates and velocities 
determined using Best Available Methods 
– Needed because CORS network is foundation of NSRS 



New Adjustment 

• Name: NAD83(2011) epoch 2010. 

• Released end of June 2012 

– Delayed due to technical difficulties and new data inclusion 

• Based on re-computation of all CORS 1994 to present 
to align with world wide effort.                                  

• NC Shifts (based on CORS shifts) 

– @ 1.8cm generally ESE 

– @-0.8cm (mainly due to computational change) 

 



Shift From CORS96 to NAD83(2011) 

Average shifts 

Horz = 1.8 cm 

EllHt = -0.8 cm 





1983-2011 (29 years) 426,977 vectors (100.0%) 



1983-1993 (11 years) 82,316 vectors (19.3%) 



• New NAD 83 coordinate transformations 
– NAD 83 “HARN”  NAD 83(NSRS2007/CORS96) 

• Algorithm for this tool already created 

– NAD 83(NSRS2007/CORS96)  NAD 83(2011) 
• Will build this tool as soon as NA2011 results available 

– Include output that indicates quality 
• Provided as (conservative) error grids and reports 

 

 
 

Related Tasks, Products & Deliverables 



• NA2011 will yield: 

– NAD 83(2011/PA11/MA11) epoch 2010.00: 

• Latitude, longitude, and ellipsoid height 

• Network and “local” accuracies 

• Orthometric heights (“elevations”) will NOT be 

determined in NA2011 

– Question:  Will GPS-derived heights based on previous 

NAD 83 realizations and geoid models be consistent with 

those based on NAD 83(2011) and GEOID12? 

• i.e., is the relative change in ellipsoid heights and/or geoid 

heights significant (too large to ignore)? 

 

What about orthometric heights? 



So…GEOID12 

• New geoid model compatible with 
NAD83(2011) ellipsoid heights and NAVD88 
bms. 

• Released concurrently with NAD83(2011) 

• No large slope changes in NC 

• GEOID03 is NOT compatible use Geoid12!!! 



Distribution of OPUSDBBM12 



An additional 6,000 points? 



Problem areas Geoid12 
Why Geoid12A developed 

 



More information… 

geodesy.noaa.gov 



Presentations 



Questions? 

 
Gary Thompson, PLS 
NC Geodetic Survey 
4105 Reedy Creek Road 
Raleigh, NC 27607 
919-733-3836 phone 
Direct line 919-948-7844 
Gary.thompson@ncdps.gov 

 


