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OutlineOutline

• GPS Equipment
• GPS fundamentals
• GPS applications
• How close is “Close enough for Govt. work”?
• A new digital level and total station



GPS EquipmentGPS Equipment
• Last Year—Purchase a pair of Trimble R8 dual 

frequency receivers with a pair of TSC2 
controllers– about $50K

• This Year—Purchased a radio, blackberry and 
laser range finder/ angle inclinometer

Presenter
Presentation Notes
  Point out the handout in the grey folder.

  Point out that all the about GPS Information Providers are accessable by voice, modem (BBS) or internet.

  The Coast Guard provides information on the status of the GPS constelation.  (Show the students a sample copy of a NANU)

  The NGS provides you with the Precise Ephemeris, which can be used for very precise position over long baselines.



Trimble R8 receiversTrimble R8 receivers

• Dual frequency L1/L2 also L2c and L5
• GNSS (Global Navigation Satellite System, US) and 

GLONASS (Russian) satellites—capable of 
monitoring 44 satellites 

• Integrated 5W radio
• RTK capabilities



• 25 satellites in final constellation
– 6 planes with 55° rotation
– each plane has 4/5 satellites

• Very high orbit
– 20,183 KM, 12,545 miles
– approximately 1 revolution 

in 12 hours
– for accuracy 
– survivability
– coverage

GNSS SatellitesGNSS Satellites

Copied  from “GPS Navstar User’s Overview” prepare by 
GPS Joint Program Office, 1984



GPS Positioning GPS Positioning 

• Establish positions through the trilateration of 
distances from at least 4 satellites

• Survey-grade receivers observe the “carrier 
phase”—count the number of wavelengths (1 
wavelength = 19 cm); sub-centimeter accuracy

• Mapping-grade receivers time the signal to 
compute distance-- “code phase”; 0.5 to 5 
meter accuracy with differential correction



How do we know when the How do we know when the 
signal left the satellite?signal left the satellite?

• Use same code at receiver and satellite
• Synchronize satellites and receivers so they're 

generating same code at same time
• Then we look at the incoming code from the satellite 

and see how long ago our receiver generated the same 
code

from satellite

from ground receiver

measure time
difference between
same part of code



Error BudgetError Budget
• Typical observed errors

– satellite clocks          2 feet
– ephemeris error        2 feet
– receiver errors          4 feet
– tropospheric/iono 12 feet
– S/A Range error 100 feet

• No S/A Total (rt sq sum)     13 feet
• with S/A  Total (rt sq sum)   100 feet Feet

S/A

Tropo/Iono

Receivers

Ephemeris

Satellite Clocks
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Ellipse in 3Ellipse in 3--D: an EllipsoidD: an Ellipsoid

SEMI-MAJOR AXIS

SEMI-MINOR AXIS

• Rotate ellipse about semi-minor (polar) axis to obtain 3-d ellipsoid
• Semi-major axis is equatorial axis



A Datum is described by a specifically oriented 
reference ellipsoid defined by 8 elements

• Position of the network (3 elements)
• Orientation of the network (3 elements)
• Parameters of the reference ellipsoid (2 elements)

Working surfacesWorking surfaces

North  

AmericaEllipsoid 
fitting 
Europe

Europe
Ellipsoid fitting 
North America

Geoid

Regional Datums are 
designed so that the 
ellipsoid conforms to
the geoid over the 
desired region rather 
than the whole Earth

Presenter
Presentation Notes
Font change??  more Datum slides ?? 
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Coordinate SystemsCoordinate Systems

H

Cartesian coordinates (X, Y, Z) 

Ellipsoidal coordinates (, H)

DATA FORMATS
WGS84--GPS positions in latitude, 
longitude, and ellipsoid height 
relative to the WGS84 ellipsoid

Grid—local Northing, Easting, and 
elevation in terms of specific datum 
and projection



Altitude ReferenceAltitude Reference
• Ellipsoid

– A smooth, mathematically defined model of the earths surface

• Geiod
– A surface of equal gravitational pull (equipotential) best fitting the 

average sea surface over the whole globe

Geoid

Ellipsoid

HAEMSL Earths Surface

Presenter
Presentation Notes
Notes on Heights:



GPS gives heights, or changes in heights, above the WGS-84 ellipsoid

Conventional elevations and levels are referenced to mean sea level, or the geoid

Conventional elevations generally considered to be orthometric heights

Ellipsoid and geoid are not necessarily coincident or parallel

Difference between the two surfaces is Geoid Separation, or N

Estimates of N can be obtained from geoid models

Geoid 90 and Geoid 93 based on 5-km grid



Basic equation:     Ortho hgt = Ellipsoidal hgt - Geoid separation

                   or                      h   = H   -    N



BEWARE: use of h and H is not consistent throughout geodetic and GPS literature. KNOW WHAT YOU’RE LOOKING AT!

BEWARE also the use of term “Geoid Hgt”: it is height of geoid above or below the ellipsoid



GPS Survey StylesGPS Survey Styles

• Static 
• RTK (Real-time Kinematic)

– With local base station and radio
– VRS (Virtual Reference Station) or RTN 

(Real-time Network)



Real Time GPS Surveying Real Time GPS Surveying 
ApplicationsApplications

• Control
• Bathymetry
• High Water Marks
• Cross-section surveying



StaticStatic
•Collect data for 2 or 
more hours

•Convert data to RINEX 
format

•Send to OPUS (National 
Geodetic Survey)





GPS with local base stationGPS with local base station



River BathymetryRiver Bathymetry



BathymetryBathymetry
• Hypak software needed to integrate GPS 

with echo soundings
• GPS reading every 1 second
• Echo sounding every 200 milliseconds
• 95,654 bathymetric points, 
• 1,069 walking-survey points 
• 4.7 kilometers of river





Bathymetry AccuracyBathymetry Accuracy
• Vertical GPS accuracy is +/- 2 cm plus 1ppm x baseline 

5600 m x 2 =  11,200 m or 0.0312 m RMS or 2 sigma of 
0.0624m

• Horizontal GPS accuracy is +/- 1 cm plus 1ppm x 
baseline or 2-sigma error of 0.0212 m

• GPS checks with control pts. from 0.014 to 0.047 m in 
the horizontal and -0.036 to 0.078 m in the vertical.

• Add errors: echo sounder error, soft bed material, geoid 
error, pitch and roll, macrophytes, and unsurveyed 
areas. 



RTK GPS using VRS (Virtual Reference Station) RTK GPS using VRS (Virtual Reference Station) 



GPS Errors (feet)GPS Errors (feet)



FEMA FEMA HWMsHWMs



GPS GPS 
accessoriesaccessories

•Laser/angle inclinometer 
0.1 angular resolution 
(0.175 ft error in 100 ft)

•TSC2 controller

•Cell phone (data modem)

•Reflector

•Tractor/backhoe



VD 

Laser tape down 
(TD) 

Ant. Ht. = TD + VD 



New Total StationNew Total Station

FC2500 w/TopSurv, $2,000 GPT 3103, 3” machine, 
reflectorless, $7,800

•3” angle error equates 
to a 0.0015 ft error in 
100 ft

•Old total station is a 5” 
machine, 0.0024 ft error 
in 100 ft.

•Levels w/ horizontal 
ring, 10-minute 
machines, 0.29 ft error 
in 100 ft.

EDM error (w/prism) = 2 mm + 2ppm * dist. Or 0.006 ft in 100 ft.



New Digital LevelsNew Digital Levels

DC 101

•Electronic accuracy 0.4 mm 
(0.0013 ft)

•Optical accuracy 1mm 
(.0032 ft)
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