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ALL GPS 
SATELLITES’ 

POSITIONS ARE 
MAINTAINED IN

ECEF X,Y,Z
(WGS 84 DATUM)

It takes between 
65 and 85 
milliseconds for a 
signal to travel 
from a GPS 
satellite to a 
receiver on the 
surface of the 
Earth.



LAUNCH HISTORY

GPS SATELLITES MAINTAIN TIME 
TO 1 SECOND PRECISION IN A 
MILLION YEARS! NEW SVNS KEEP 
PRECISION TO 8 NANOSECONDS –
POSSIBLY EVEN BETTER IF 
HYDROGEN MASER CLOCKS ARE 
IMPLEMENTED.



BOEING, 2010-X, #3600, DELTA IV, SNV 62-X, L5, 12 YEAR LIFE

LOCKHEED MARTIN, 2005-2009, #4480, DELTA II, (SNV 41-61)
L2C, NEW M CODES, 10 YEAR LIFE



GPS ORBITAL PLANES & SLOTS
6 PLANES AT 55˚ DECLINATION, SPACED 
60˚ RIGHT ASCENSION



GPS TIME

ORIGIN = JANUARY 1, 1980, ATOMIC TIME

DELAYED 19 SECONDS TO TAI AT ORIGIN (CONSTANT)

UTC IS CURRENTLY DELAYED (BEHIND) 15 SECONDS TO 
GPS TIME

TIME OF WEEK IN SECONDS FROM SUNDAY MORNING 
THROUGH SATURDAY NIGHT = 604799 SECONDS

GPS PASSED THROUGH ITS 1 BILLIONTH SECOND  
SEPTEMBER 14TH (2011). PROCESSING PROBLEMS?

GPS WEEK ROLLOVER: 8/15/99 = WEEK 1023
8/22/99 = WEEK 0
9/18/11 = WEEK 630 (1654)



“JULIAN DAY 
NUMBER”
IS TERRESTRIAL 
TIME SINCE 
JAN.1, 4713 B.C. 
AT NOON

http://adn.agi.com/GNSSWeb/

http://www.rvdi.com/freebies/gpscalendar.html



“GNSS”

GLONASS

GPS

GALILEO

COMPASS (BEIDOU-2)





GLONASS 
STATUS



GALILEO- OFF THE GROUND
OCTOBER 21, 2011

2 IOV SATELLITES, EUROPEAN SPACEPORT, FRENCH 
GUIANA, RUSSIAN SOYEZ ROCKET (SPUTNIK, YURI 
GREGARIN)



GLONASS- FULL OPERATIONAL CAPABILITY 
2011
EUROPEAN  UNION  - GALILEO
CHINA – COMPASS/BEIDOU

REGIONAL:
(JAPAN- QZSS FIRST LAUNCH 2010)
(INDIA – GAGAN)

CHANGES IN GNSS

GPS:
• L2C
• L5 CARRIER
• New Code on L5
• L1C1-3 m

BETTER 
RESISTANCE TO 
INTERFERENCE
FASTER 
AMBIGUITY 
RESOLUTION
AUGMENTED 
CODE 
APPLICATIONS

= 115  SATELLITES?

10-15 cm???



KNOWING DATUMS AND PROJECTIONS CAN 
HELP WITH ANALYZING ERRORS

GPS IS MAINTAINED BY THE DoD IN WGS 84

GLONASS IS MAINTAINED IN PZ 90.02

GALILEO IS MAINTAINED IN ITRS

OUR NATIONAL GEOMETRIC DATUM IS NAD 83 – BASED 
ON CORS ANTENNAS IN THE AIR

OUR NATIONAL VERTICAL DATUM (ORTHOMETRIC 
HEIGHTS) IS NAVD 88 - BASED ON NAVD 88 BENCH 
MARKS IN THE GROUND

WE WORK IN MAP PROJECTIONS: UTM, SPC, LDP



DATUM DEFINITIONS IN THE USA

• NAD 83- USA

• ITRS- “OLD”CORS/WORLD

• WGS 84- GPS (DoD)

• IGS 08 – “NEW” CORS

• NRS 22 (?) – NEW GEOCENTRIC

• NGVD 29

• NAVD 88

• NAVD 22 (?)

HORIZONTAL/ GEOMETRIC: VERTICAL/GEOPOTENTIAL:

PROJECTIONS FROM DATUMS:
• SPC

• UTM

• LDP



SCALE FACTOR:
GRID DISTANCE<

ELLIPSOID 
DISTANCE

Normal to 
ellipsoid

SCALE FACTOR:
GRID DISTANCE >
ELLIPSOID 
DISTANCE 



GNSS POSITIONING CHOICES- SUMMARY
STATIC – BEST POSSIBLE GNSS POSITION.
Sub-centimeter horizontal and 1-2 centimeters vertical precisions. 
“Network session” style. Campaign static requires planning for 
conditions and logistics. 30+ minute set ups. L1 possible, but dual+ 
frequency recommended. Requires your post processing or NGS 
OPUS processing with certain requirements. Rapid or final orbits 
available. OPUS-PROJECTS will enable network solutions, while 
OPUS-S, OPUS-RS & OPUS-DB are point positions only.
NEAR REAL-TIME – FASTEST METHOD FOR SURVEY GRADE 
POSITIONS. Typically 1 centimeter horizontal and 2 centimeters 
vertical relative to the base OR “coupla” centimeters horizontal & 
“many” centimeters vertical to RTN. Few seconds to 3 minutes point 
positions. Dependent on many variables, e.G. - Accuracy of 
base/RTN, distance to base/RTN, relative weather, multipath, robust 
communication, broadcast orbit data, shot comparisons, knowledge 
& techniques of the user. Processing done in the rover in the field.
AUTONOMOUS - FASTEST METHOD FOR A BALLPARK POSITION.
3-5 meters. No phase differential processing is performed- uses code 
or smoothed code point positions. Few seconds per position. Good 
for raw navigation for point recovery. Note: future GNSS 
constellations & signals may yield near decimeter accuracy.



GNSS METHOD 95% PRECISION: HORIZONTAL 95% PRECISION: VERTICAL TIME ON POINT NOTES

STATIC: CORS 2 CM 3 CM HOURS
1.5 CM 2 CM  4 HOURS

STATIC: OPUS-S 2 CM 3 CM HOURS
1.5 CM 2 CM  4 HOURS

STATIC: OPUS-RS 2 CM 5 CM MINUTES SEE OPUS RS MAP
OPUS-RS AVG. OF 2 OR MORE 1.5 CM 2.5 CM

STATIC: MULTI RECEIVER ≤ 1 CM ≤ 1.5 CM 30 MINUTES USING HTMOD GUIDELINES
CONNECTED SESSIONS

RTK 1.5 CM 2.5 CM 1 SECOND-5 MINUTES TO LOCAL BASE
USING NGS GUIDELINES

RTN 2 CM 3-5 CM
GEODETIC LEVELING N/A 3 MM N/A 3RD ORDER

EXPECTED PRECISIONS FROM 
VARIOUS GNSS POSITIONING 

METHODS



Height
Modernization

-faster
-cheaper

-Nearly as good

differential leveling

GNSS

HEIGHT MODERNIZATION-
BACKGROUND

CHA – CHING  $$$$$$$
♪♪♪



HEIGHTS MATTER!
GUESS WHO PAID FOR THIS DISASTER?
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AL, AK, CA, CT, FL, GA, LA, MD, 
MS, NJ, NY, NC, OR, RI, SC, WA

Privately Owned

Uplands

State Owned

Tidelands

Territorial Seas

State Submerged Lands

Contiguous Zone

Exclusive Economic Zone

Federal Submerged Lands

High Seas

Privately
Owned

State
Owned

TX

3 n. mi.

12 n. mi.

200 n. mi.

Privately
Owned

State
Owned

DE, MA, ME, NH, PA, VA

MHHW
MHW

MLLW Chart Datum

Importance of Shoreline
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FAIRFAX COUNTY, VA:
HTMOD PROJECT & NEW NAVD 88 

ORTHOMETRIC HEIGHTS

Adobe Acrobat 
Document



USING NAD 83 ELLIPSOID HEIGHTS WITH THE 
HYBRID GEOID FOR ORTHO HEIGHTS

NAD 83 (HARN) USE GEOID 
O3

NAD 83 (CORS 96) USE 
GEOID 09

NAD 83 (2007) USE GEOID 
09

ITRF USE SCIENTIFIC GEOID 
(USGG)

NAD 83 (2011) USE GEOID 
12

H88 = h83 – N09



GEOID SEPARATIONS
GEOID COMPARISONS-VARIOUS BENCHMARKS-

BALTIMORE COUNTY AREA
WEST TO EAST
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NOAA Technical Memorandum NOS NGS-58

GUIDELINES FOR ESTABLISHING GPS-DERIVED ELLIPSOID HEIGHTS
(STANDARDS: 2 CM AND 5 CM)
VERSION 4.3

David B. Zilkoski
Joseph D. D'Onofrio
Stephen J. Frakes

Silver Spring, MD

November 1997

U.S. DEPARTMENT OF    National Oceanic and      National Ocean National Geodetic
COMMERCE    Atmospheric Administration     Service Survey

Available “On-Line” at
the NGS Web Site:

www.ngs.noaa.gov

SEARCH: “NGS 58”



BASIC CONCEPT OF GUIDELINES

• Stations in local 3-dimensional network connected to 
NSRS to at least 5 cm uncertainty

• Stations within a local 3-dimensional network 
connected to each other to at least 2 cm uncertainty

• Stations established following guidelines are published 
to centimeters by NGS

• Quality is shown by: REPEATABILITY, RMS, & LOOP 
CLOSURES



Network / Local Accuracy

NSRS



PLANNING FOR THE FIELD OBSERVATIONS



PLANNING

• LOGISTICS- MINIMIZE COST, MAXIMIZE EFFICIENCY
• REDUNDANCY
• BASELINE LENGTH
• PARTICULAR PROJECT REQUIREMENTS (E.G., FLIGHT LINE 

PROXIMITY)
• MONUMENT CONSTRUCTION
• MONUMENT RECOVERY
• NEW GEODETIC LEVELING



HARN/Control Stations
(75 km)

Primary Base
(40 km)

Secondary Base
(15 km)

Local Network Stations
(7 to 10 km)

GPS ELLIPSOID HEIGHT HIERARCHY



STATION SELECTION AND RECONNAISSANCE

• ASSURE ACCURATE CONNECTIONS TO CONTROL 
STATIONS
– NGS approved CORS
– TCORS (temporary or project CORS)
– HARN

• Federal Base Network (FBN)
• Cooperative Base Network (CBN)
• User Densified Network (UDN)

– NAVD 88 Bench Marks

• NGS DATABASE AND DATA SHEETS

• IDENTIFY GPS-USABLE STATIONS



PRIMARY OR SECONDARY
STATION SELECTION CRITERIA

1. HARN either FBN or CBN
– Level ties to A or B stability bench marks during this 

project

2. Bench marks of A or B stability quality
– Or HARN previously tied to A or B stability BMs

3. UDN stations
– Level ties to A or B stability bench marks during this 

project

4. Bench marks of C stability quality

• Special guidelines for areas of subsidence or 
uplift



Poured in 
place 

concrete 
post

Physically 
Monumented

Points
= “PASSIVE 

MONUMENTATION”

Stainless steel 
rod driven to 

refusal

Disk in 
outcrop

B Stability

C StabilityA Stability



Obstruction Visibility
Diagram



Bench Mark
G 506

ESTABLISH A STABLE 
ECCENTRIC POINT AND 
TRANSFER THE 
ORTHOMETRIC HEIGHT 
USING PROPER 
LEVELING TECHNIQUES



PRIMARY BASE STATIONS

• Basic Requirements:
– 5 Hour Sessions / 3 Days

– Spacing between PBS cannot exceed 40 km

– Each PBS must be connected to at least its 
nearest PBS neighbor and nearest control 
station

– PBS must be traceable back to 2 control 
stations along independent paths



FAIRFAX 
COUNTY

CONTROL & 
PRIMARY 
STATIONS



LOCAL NETWORK STATIONS

• Basic Requirements:

– 30 Minute Sessions / 2 Days / Different 
times of the day

– Spacing between LNS (or between base 
stations and local network stations) cannot 
exceed 10 km

– All LNS must be connected to at least its 
two nearest neighbors

– LNS must be traceable back to 2 primary 
base stations along independent paths



SAMPLE PROJECT SHOWING 
CONNECTIONS

CS1

PB2

SB2

LN4
LN3LN2

LN5

LN1

SB1

SB3

SB5SB4 PB4

PB1

PB3

CS2

CS4CS3

≤ 75 Km

≤ 40 Km



OBSERVATION 
PLANNING



FIELD OBSERVATIONS
• Observation logs

– Record complete receiver/antenna manufacturer, 
model part number, and serial numbers

– Record meteorological data and unusual conditions
– Record station and observer information
– Record height of antenna and measurement 

computations

• Obtain a clear station rubbing
– Rubbing for each occupation of station
– Make complete plan sketch of mark when rubbing not 

feasible
– OR – Take digital snapshots



METEOROLOGICAL DATA
• Weather data must be collected at control, primary, and 

secondary base stations at height of antenna PC
– Wet and dry temperatures, atmospheric pressure

• Sessions > 2 hrs; record beginning, midpoint, ending
• Sessions < 2 hrs > 30 min; record beginning and 

ending
• Sessions < 30 min; record at midpoint

• Note on obs log where recorded and unusual conditions

• Stabilize equipment to ambient conditions

• Check equipment prior to observations



Sample 
Observation Log

http://www.ngs.noaa.gov/PROJECTS/FBN/



Table 1. -- Summary of Guidelines



Table 1. -- Summary of Guidelines
(continued)



FIELD REQUIREMENTS SUMMARY

• DUAL FREQUENCY RECEIVERS
• GEODETIC ANTENNAS
• FIXED HEIGHT TRIPODS, VERIFY HEIGHT
• 5 HOUR PRIMARY CONTROL OCCUPATIONS WITH MET DATA
• REDUNDANT 30 MINUTE NETWORK CONTROL OCCUPATIONS
• OCCUPY CLOSEST NEIGHBORS
• OCCUPY BENCH MARKS ≤ 20 KM SPACING
• SET ECCENTRICS AS NEEDED
• BASELINES ≤ 10 KM, AVG. 7 KM
• PDOP ≤ 4.0
• PICTURES AND TIES TO MONUMENTS
• COMPLETE LOG FOR EACH OCCUPATION



BASELINE PROCESSING



BASELINE PROCESSING

• “MULTI-STATION” PROCESSING MODE
• DOUBLE DIFFERENCING (ELIMINATES SAT/RECEIVER CLOCK, 

HARDWARE BIASES, REDUCES NOISE PARAMETERS)
• PRECISE EPHEMERIS
• 15° CUT OFF
• FIX ALL INTEGERS FOR BASELINES LESS THAN 40 KM
• USE A TROPO MODEL RATHER THAN FIELD MET DATA UNLESS PROVEN 

BETTER
• USE RELATIVE TROPO SCALE PARAMETER FOR STATIONS OVER 15 KM 

AND FOR LARGE INTERSTATION RELIEF
• BASELINE RMS ≤ 1.5 CM
• REDUNDANT BASELINES DIFFER BY ≤ 2.0 CM



http://www.ngs.noaa.gov/orbits/orbit_data.shtml

The SP3-c format was developed to allow 
one to put GPS, GLONASS, and Galileo 
satellites all in the same file, and also to 
give standard deviations for the satellite 
XYZ coordinates and clock offset at each 
epoch



“WGS84” OR IS IT? Unless you’re doing 
autonomous point 
positioning, or you’re tied 
to ITRF, you’re probably 
not in WGS 84



Independent Baselines in GPS

# of Baselines =
N(N-1)

2

# of Independent 
Baselines =(N-1)

N = Number of receivers observing simultaneously



BASELINE PROCESSING
REDUNDANCY NEEDED: ≤ 1.5 CM, ≤ 2.0 

DIFFERENCE IN “h” 



EXPECTED HEIGHT ACCURACIES

• GPS-Derived Ellipsoid Heights
– 2 centimeters (following NOS NGS-58 

Guidelines)

• Geoid Heights (GEOID09)
– Relative differences typically less than 1 

cm in 10 km
– 2.4 cm RMS about the mean nationally

– 0.5 cm error in 10 Km

• Leveling-Derived Heights
– Less than 1 cm in 10 km for third-order 

leveling
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VECTOR PROCESSING ACCOMPLISHED
• Elevation Mask  - 15 degrees

• Ephemeris  - Precise (typ. 14 days latency)

• Tropospheric Correction Model

• Iono Corrections - All baselines longer than 5 
km.

• Fix Integers
Baselines less than 5 km:  L1 fixed solution
Baselines greater than 5 km: Iono free (L3) 
solution

• Baselines must have RMS values ≤ 1.5 cm
• Baselines must have difference in “up” 

ellipsoid height ≤ 2.0 cm



ADJUSTMENT OF PRIMARY NETWORK STATIONS 
FROM CONTROL

Horizontal Adjustment
(Latitude, Longitude, Ellipsoid Heights)

• Minimum Constrained       [One fixed station]
– Fix latitude, longitude and ellipsoid height at one station
– Resolve all blunders and large residuals
– Determine which Control and known Primary Base 

Station coordinates should be fixed

• Constrained    [All suitable stations fixed]
– Fix latitude, longitude, and ellipsoid heights at Control 

and known Primary Base Stations
– Make sure the constraints did not distort the project

NOTE  - Geoid model NOT applied at this time



FAIRFAX 
COUNTY

CONTROL & 
PRIMARY 
STATIONS



ADJUSTMENT OF LOCAL NETWORK STATIONS

Horizontal Adjustment
(Latitude, Longitude, Ellipsoid Heights)

• Minimum Constrained       [One fixed station]
– Fix latitude, longitude and ellipsoid height at one station
– Resolve all blunders and large residuals
– Evaluate coordinates at Control and Primary Base 

Station
• should not be greatly affected by Local Station 

baselines 

• Constrained  [All suitable stations fixed]
– Fix latitude, longitude, and ellipsoid heights at Control 

and Primary Base Stations
– Make sure the constraints did not distort the project

NOTE  - Geoid model NOT applied at this time



BASELINE ADJUSTMENT SUMMARY



STATIC PROCESSING VARIABLES TO TRY

• USE OTHER REDUNDANT BASELINES

•INDEPENDENT BASELINES ( N-1)- DON’T USE BAD BASELINES

•PRECISE EPHEMERIS- ESPECIALLY FOR VERTICALS

•CUT OFF ANGLE- DON’T CUT OUT TOO MUCH DATA

•EDIT SATELLITE DATA- DISABLE NOISY SATS, DATA

•REOBSERVE WITH BETTER PLANNING, HIGHER ANTENNA



Guidelines for 
Establishing
GPS-Derived 
Orthometric

Heights
(Standards: 2 cm and 5 cm)

http://www.ngs.noaa.gov/ 

SEARCH: “NGS 59”



A GUIDE FOR ESTABLISHING GPS-
DERIVED ORTHOMETRIC HEIGHTS

(STANDARDS: 2 CM AND 5 CM)

• THREE BASIC RULES

• FOUR BASIC CONTROL REQUIREMENTS

• FIVE BASIC PROCEDURES

3-4-5 System



THREE BASIC RULES

• RULE 1:
– FOLLOW NGS’ GUIDELINES FOR ESTABLISHING GPS-

DERIVED ELLIPSOID HEIGHTS (NGS 58:STANDARDS: 
2 CM AND 5 CM)

• RULE 2:
– USE LATEST NATIONAL GEOID MODEL, I.E., GEOID09

• RULE 3:
– USE LATEST NATIONAL VERTICAL DATUM, I.E., NAVD 

88



FOUR BASIC CONTROL REQUIREMENTS

• BCR-1: Occupy stations with known NAVD 88 
orthometric heights
– Stations should be evenly distributed throughout project

• BCR-2: Project areas less than 20 km on a side, 
surround project with NAVD 88 bench marks
– i.e., minimum number of stations is four; one in each 

corner of project

• BCR-3: Project areas greater than 20 km on a 
side, keep distances between GPS-occupied NAVD 
88 bench marks to less than 20 km

• BCR-4: Projects located in mountainous regions, 
occupy bench marks at base and summit of 
mountains, even if distance is less than 20 km



FAIRFAX COUNTY VERTICALS USED

40 KM



FIVE BASIC PROCEDURES

• BP-1: PERFORM 3-D MINIMUM-CONSTRAINT LEAST 
SQUARES ADJUSTMENT OF GPS SURVEY PROJECT
– CONSTRAIN 1 LATITUDE, 1 LONGITUDE, 1 

ORTHOMETRIC HEIGHT
(RECALL THAT ELLIPSOID HEIGHTS HAVE ALREADY 
BEEN ANALYZED AND ADJUSTED)

– CURRENT HYBRID GEOID MODEL IS APPLIED

• BP-2: ANALYZE ADJUSTMENT RESULTS FROM BP-1
– DETECT AND REMOVE ALL DATA OUTLIERS



FIVE BASIC PROCEDURES
(CONTINUED)

• BP-3: COMPUTE DIFFERENCES BETWEEN GPS-
DERIVED ORTHOMETRIC HEIGHTS FROM 
MINIMUM-CONSTRAINT ADJUSTMENT IN BP-2 
AND PUBLISHED NAVD88 ORTHOMETRIC HEIGHTS 
FOR ALL KNOWN BENCH MARKS  



OUTLIERS
?

•PASSIVE 
CONTROL 
QUALITY 
(OVER TIME)
•GEOID MODEL 
QUALITY

CONTROL COMPARISON



FIVE BASIC PROCEDURES
(CONTINUED)

• BP-4: Determine which BMs have valid NAVD88 height 
values from results from BP-3 and should be fixed
– Differences need to agree 2 cm for 2 cm survey
– Differences need to agree 5 cm for 5 cm survey
– May detect systematic tilt over large areas

• Solve for geoidal slope and scale

• BP-5: Perform constrained adjustment with results from 
BP-4
– Constrain 1 latitude, 1 longitude, all valid orthometric 

height values
– Ensure final heights not distorted in adjustment



Topography

A
B

C

D

E

F

GPS-DERIVED HEIGHTS 
FROM GEOID03 SEPARATION

= Published NAVD88 Orthometric Height = New Control

Ellipsoid

h
h

h
h

h
h

GEOID03

N N
N N

N
N

Hh-N

Hh-N
Hh-N

Hh-N

Hh-N

Hh-N



Constrained Vertical Adjustment

Topography

A
B

C

D

E

F

hadj

hadj
hadj

hadj
ha
dj

hadj

Adjusted
Ellipsoid

Ellipsoid Height Adjusted to Fit Constrained Orthometric Heights

GPS-Derived Orthometric Heights

= Published NAVD88 Orthometric Height = New Control

H

H
H

H

Geoid based on Ortho Heights

GEOID03

Ellipsoid

h
h

h
h

h
hHGPS

HGPS

N N
N N

N
N

GEOID03



ADJUSTMENT TO PASSIVE CONTROL



Elevation 
published

to centimeters

Orthometric 
height
determined by 
GPS

Identified as 
Height Mod 

survey station



NGS Data Sheet - GEOID03
Published NAVD88 to GPS Derived

 HT2268  DESIGNATION -  S 1320
 HT2268  PID         -  HT2268 
 HT2268  STATE/COUNTY-  CA/SAN FRANCISCO 
 HT2268  USGS QUAD   -  SAN FRANCISCO NORTH (1975) 
 HT2268 
 HT2268                         *CURRENT SURVEY CONTROL 
 HT2268  ___________________________________________________________________ 
 HT2268* NAD 83(1992)-  37 45 25.30727(N)    122 28 36.34687(W)     ADJUSTED  
 HT2268* NAVD 88     -       102.431  (meters)     336.06   (feet)  ADJUSTED  
 HT2268  ___________________________________________________________________ 
 HT2268  EPOCH DATE  -        1997.30 
 HT2268  X           -  -2,711,121.437 (meters)                     COMP 
 HT2268  Y           -  -4,259,419.310 (meters)                     COMP 
 HT2268  Z           -   3,884,200.262 (meters)                     COMP 
 HT2268  LAPLACE CORR-           5.53  (seconds)                    DEFLEC03 
 HT2268  ELLIP HEIGHT-          69.78  (meters)                     GPS OBS 
 HT2268  GEOID HEIGHT-         -32.60  (meters)                     GEOID03 
 HT2268  DYNAMIC HT  -         102.363 (meters)     335.84  (feet)  COMP 
 HT2268  MODELED GRAV-     979,964.0   (mgal)                       NAVD 88 
 HT2268 
 HT2268  HORZ ORDER  -  FIRST 
 HT2268  VERT ORDER  -  FIRST     CLASS I 
 HT2268  ELLP ORDER  -  FOURTH    CLASS I 
  HT2268 

H
102.431 =

102.431  102.38
102.429 GEOID 09

69.78 - (-32.60)
- Nh

GEOID96 = 0.17 m
GEOID99 = 0.11 m
GEOID03 = 0.05 m
GEOID 09 = 0.002 m

=



POSITIONAL ACCURACY
REPLACING DISTANCE CORRELATED ACCURACY



PROCESSING & ADJUSTMENT 
REQUIREMENTS SUMMARY

• RMS ELLIPSOID HEIGHTS ≤ 1.5 CM
• REPEAT BASELINES ≤ 2.0 CM
• USE TROPO MODEL
• EVALUATE VERTICAL CONTROL
• USE IONO-FREE (L3) SOLUTION FOR BASELINES ≥ 5 KM
• USE L1 SOLUTION FOR ALL OTHERS
• MINIMALLY CONSTRAINED ADJUSTMENT – VERIFIES FIELD 

DATA CONSISTENCY
• FULLY CONSTRAINED ADJUSTMENT – PLACES PROJECT ON 

NAVD 88/NAD 83
• GOAL IS 2 CM NAVD 88 HEIGHTS BETWEEN NETWORK 

MONUMENTS



SUMMARY
• Mistakes and systematic errors must be removed 

before the adjustment
• A least squares adjustment handles random errors 

and provides a single solution (Try to eliminate all 
systematic errors)

• The Minimally Constrained adjustment checks the 
internal consistency of the network

• The Constrained adjustment checks the existing 
control and references the network to the datum

• The vertical adjustment estimates GPS-derived 
Orthometric heights- Approaching 3rd order leveling 
accuracies



POSSIBLE ALTERNATIVE = RTN APPROACH
• EVALUATE GEOID MODEL ACROSS THE COUNTY
• REFINE AS NECESSARY (GEODETIC LEVELING)
• CONSTRUCT ACTIVE STREAMING STATIONS 

CONFORMING TO NGS GUIDELINES SPACED AT A 
MAXIMUM OF 50 KM

• SEED COORDINATES ON THE STATIONS WITH 10 DAYS 
OF OPUS-DB OR OPUS-PROJECTS SOLUTIONS

• PERFORM A LEAST SQUARES ADJUSTMENT WEIGHTING 
(NGS) CORS TO 1 CM IN EACH HORIZONTAL 
COMPONENT AND 2 CM IN THE ELLIPSOID HEIGHT

• EVALUATE RESULTS – THEY SHOULD ALL BE VERY 
CLOSE TO THE OPUS POSITIONS. IF THE RTN HAS A 
MAXIMUM DELTA BELOW 2 CM HORIZONTALLY AND 4 
CM ELLIPSOID HEIGHT, THE RTN IS SUCESSFULLY 
ALIGNED TO THE NSRS.

• BEGIN WORK!



POSSIBLE FAIRFAX COUNTY RTN



REAL TIME GNSS GUIDELINES

http://www.ngs.noaa.gov/PUBS_LIB/NGS.RTN.Public.v2.0.pd
f

http://www.ngs.noaa.gov/PUBS_LIB/NGSRealTimeUserGuidelines.v2.
1.pdf



RT FOR ORTHO HEIGHTS
ADVANTAGES:
• LESS TIME- SECONDS ON POINT
• LESS LABOR- NO POST PROCESSING, MINIMAL PERSONNEL
• LESS EQUIPMENT – ONLY ONE RT UNIT NECESSARY WITH RTN
• = LESS $$$ 

• USER KNOWS POSITION HAS BEEN CAPTURED AT REQUIRED 
PRECISION

• “GOOD” RELATIVE PRECISION IN HOMOGENEOUS TERRAIN 
AND USING THE SAME INITIALIZATION 

• NEW GEOPOTENTIAL DATUM WILL BE ACCESSED THROUGH 
ACTIVE STATIONS

DISADVANTAGES:
• LESS ACCURACY THAN LEVELING OR STATIC GNSS
• REQUIRES ADEQUATE USER KNOWLEDGE OF ALL EFFECTS ON 
RT GNSS POSITIONING



ACCOMPLISHING ACCURATE DATA COLLECTION
95% CONFIDENCE

• SBAS- 3 M H, 6 M V
• COMMERCIAL DGPS – FEW DM, $$
• USCG BEACON – METER+
• CLASSICAL SURVEYING – 2-4 CM, LABOR/TIME 

INTENSIVE, $$$
• USER BASE RTK – 2-4 CM H, 3-5 CM V
• RTN – 3-4 CM H, 5-7 CM V
• AERIAL MAPPING - .15 M H, .25 M V, $$$
• SATELLITE IMAGERY – 0.5 METER H RESOLUTION, 

3 M LOCATION, $$$
• LOW ALTITUDE AERIAL IMAGERY – 2-4 CM h, 3-5 

CM V, $$
• TERRESTRIAL LASER SCANNING – PROJECT SITES 

ONLY, 0.015 H, 0.02 V



RTK VS. RTN

RTK

RTN
Plus:

Easy alignment to the NSRS
No ppm (1ST ORDER) ERROR

Extended range
Homogeneous Data
Easy datum updates

Cell technology

-Half the equipment 
or double the 
production
-No monument  
reconnaissance/
recovery
- No set/break down 
time
-No base baby 
sitting



SO – WHAT CAN I EXPECT FROM An RTN?

MOST RTN PRODUCE “GOOD” HORIZONTAL VALUES –
TO A FEW CM. OUR HORIZONTAL SYSTEM IS BASED ON 
ACTIVE REFERENCE STATIONS (NGS CORS), AS ARE 
THE RTN STATIONS. 

BECAUSE ORTHOMETRIC HEIGHTS (‘ELEVATIONS’) 
ARE BASED ON PASSIVE MONUMENTS WITH NAVD 88, 
THE RTN USER SHOULD, FOR THE MOST PART, 
CONSTRAIN THE PASSIVE MARK VALUES IN A 
LOCALIZATION.

CHOOSE THE RTN WITH A BUSINESS MODEL THAT 
BEST FITS YOUR NEEDS.



•What Datum is the RTN using? 

•What adjustment of the Datum is the RTN using?

•What epoch of the Datum adjustment is the RTN using?

•How Does The RTN Align To The NSRS? 

•Can Users Use Any Manufacturers’ Equipment In The 
RTN? 

•Do Overlapping Networks Give The Same Coordinates? 

•What Are The Field Accuracies?

USERS CONCERNS WITH RTN



WHAT CAN AFFECT THE GPS SIGNAL?
WHAT SHOULD I BE CONCERNED ABOUT WHEN 

COLLECTING DATA?





MULTIPATH = NOISE
SPECULAR(DISCRETE) & DIFFUSE

INSIDE GNSS

NOVEMBER-
DECEMBER 2008

“MULTIATH-
MITIGATION 
TECHNIQUES 
USING 
MAXIMUM-
LIKELIHOOD 
PRINCIPLE”

MOHAMED 
SAHMOUDI AND

RENE JR. LANDRY

WWW.INSIDEGN
SS.COM   Ncc relmultiiontropr

s

NEWER GNSS GEAR & 
FIRMWARE IS BETTER!



PLAN YOUR GNSS 
CAMPAIGNS TO AVOID 

DOWN TIME

• SPACE WEATHER
• DOP
• SATS
• GNSS?



SATELLITES/ DOP WITH OBSTRUCTIONS



SATELLITES/ DOP WITH OBSTRUCTIONS



DUAL CONSTELLATION RT POSSIBILITIES:
GPS ≥ 5, GLN = 0 
GPS = 4, GLN = 2 
GPS = 3, GLN = 3 
GPS = 2, GLN = 4 
(Can't initialize with only GLN Sats.) 

GPS AND GLN

BEST SCENARIO = 7 OR MORE GPS
GLN “K” SATS WILL HAVE A CDMA 
(L3) FORMAT SIGNAL

WHAT ABOUT GLONASS?



WWW.SWPC.NOAA.GOV



SWPC WARNING


