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Stabilization Model
Figure 8-10

Geodetic principles require a hierarchy layer approach to survey control similar to 
familiar historical classifications of 1st, 2nd, 3rd Orders of Accuracy. Accuracy begins at 
the highest level (HARN/CORS) and works through a well-adjusted, widespread network 
to a dense project-specific framework.

While the scope of a Primary Reference Network is based on the number and location 
of prioritized WSDOT project corridors, as well as the coordinated needs of WSDOT 
partners, the scope of the Project Geometric Framework is based on specific needs of the 
infrastructure improvement. 

Primary Reference Network
Figure 8-11
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The Project Geometric Framework is delivered in the form of a “template” and used in 
the following manner:

 

Geometric Frame Work
Figure 8-12

Definition: A Project Geometric Framework control station is a station used to control 
a survey that uses RTK methods. The station has either horizontal coordinates, a height, 
or both. The order of accuracy of the horizontal coordinates and the height is at least 
tertiary.

Definition: A GPS site calibration establishes a relationship between the observed 
WGS84 coordinates and the known grid coordinates. This relationship is characterized by 
a translation, rotation, and scale factor for the horizontal coordinates and by an inclined 
plane for the heights. By applying a GPS site calibration to newly observed stations, 
local variations in a mapping projection are reduced and more accurate coordinates are 
produced from the RTK survey.

Note: 
A GPS site calibration can be produced from RTK observations, an “office calibration,” 
or from a combination of both. If the RTK control stations were established by static or 
fast static GPS techniques, then an office calibration may be used.

The procedures for an office calibration are:

• Do a minimally constrained adjustment before normalization holding only one 
WGS84 latitude, longitude, and ellipsoid height fixed.

• Associate the results of this minimally constrained adjustment with the final grid 
coordinates in a site calibration.
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8-03.3(b)  Satellite Geometry
Satellite geometry affects both the horizontal coordinates and the heights in GPS/RTK 
surveys. The satellite geometry factors to be considered for RTK surveys are:

• Number of common satellites available at the base station and at the rover unit.

• Minimum elevation angle for the satellites (elevation mask).

• Positional Dilution of Precision (PDOP) or Geometric Dilution of Precision (GDOP).

• Vertical Dilution of Precision (VDOP).

Refer to Figures 8-8a, 8-8b, and 8-9 for specific requirements.

8-03.3(c)  Field Procedures
Proper field procedures must be followed in order to produce an effective RTK survey.

For tertiary RTK Surveys:

• It is recommended that the base station occupy an RTK control station with known 
coordinates for horizontal RTK surveys and known heights for vertical RTK surveys.

• Use a fixed height survey rod or a survey rod with locking pins for the rover pole. A 
tripod and a tribrach may also be used. If a fixed height survey rod or a survey rod 
with locking pins is not used, independent antenna height measurements are required 
at the beginning and ending of each setup and must be made in both feet and meters. 
The antenna height measurements must check to within +?3mm and +?0.01 feet.

• Use a bipod/tripod with the rover unit’s survey rod.

• Establish the data transfer link.

• Observe a minimum of five common satellites at the base station and the rover unit(s).

• Initialize the rover unit(s) before collecting survey data.

• The initialization must be a valid checked initialization.

• PDOP must not exceed 5.

• Collect data only when the root mean square (RMS) is less than 70 millicycles.

• Observe a check shot by the rover unit(s) immediately after the base station is set up 
and before the base station is taken down.

• The GPS site calibration must have a maximum horizontal residual of 0.07 ft (20 mm) 
for each horizontal RTK control station.

• The GPS site calibration must have a maximum vertical residual of 0.10 ft (30 mm) 
for each vertical RTK control station.

• Occupy the new stations for a minimum of 30 epochs of collected data.

• The precision of the measurement data must have a value less than or equal to 0.03 ft 
(10 mm) horizontal and 0.05 ft (15 mm) vertical for each observed station.

• Locate the rover unit(s) not more than 6 miles (10 km) from the base station.

• The 2nd occupation of a new station must have a maximum difference in coordinates 
from the 1st occupation of 0.07 ft (20 mm).
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• The 2nd occupation of a new station must reinitialize by forcing loss of lock to 
satellites and radio link by inverting antenna (antenna dump)

• The 2nd occupation of a new station must have a maximum difference in height from 
the 1st occupation of 0.13 ft (40 mm).

• When setting supplemental control by RTK methods for conventional surveys 
methods, it is recommended that the new control points be a minimum of 1000 ft (300 
meters) from each other. See Chapter 7, “Accuracy Classifications and Standards,” for 
minimum accuracy standards that must be achieved for specific surveys.

• When establishing set-up points for conventional survey methods, set three 
intervisible points instead of just an “azimuth pair.” This allows the conventional 
surveyor a check shot.)

For general-order RTK surveys:

• It is recommended that the base station occupy an RTK control station with known 
coordinates for horizontal RTK surveys and known heights for vertical RTK surveys.

• Independent antenna height measurements are required at the beginning and 
ending of each setup and must be made in both feet and meters. The antenna height 
measurements must check to within + 0.01 feet and +3 mm.

• Use a fixed height survey rod or a survey rod with locking pins for the rover poles. A 
tripod and tribrach may also be used. If a fixed height survey rod or a survey rod with 
locking pins is not used, independent antenna height measurements are required at the 
beginning and ending of each setup and must be made in both feet and meters. The 
antenna height measurements must check to within + 0.01 feet and +3 mm.

• Use a bipod/tripod with the rover unit’s survey rod.

• Establish the data transfer link.

• Observe a minimum of five common satellites by the base station and the rover 
unit(s).

• Initialize the rover unit(s) before collecting survey data.

• The initialization must be a valid checked initialization.

• PDOP must not exceed six.

• Collect data only when the root mean square (RMS) is less than 70 millicycles.

• Observe a check shot by the rover unit(s) immediately after the base station is set up 
and before the base station is taken down.

• The GPS site calibration must have a maximum horizontal residual of 0.07 ft (20 mm) 
for each horizontal RTK control station.

• The GPS site calibration must have a maximum vertical residual of 0.10 ft (30 mm) 
for each vertical RTK control station.

• The precision of the measurement data must have a value less than or equal to 0.05 ft 
(15 mm) horizontal and 0.07 ft (20 mm) vertical for each observed station.

• Locate the rover unit(s) not more than 6 miles (10 km) from the base station.

8-03.3(d)  Office Procedures
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Effective office procedures must be followed in order to produce valid results. These 
procedures include:

• Review the downloaded field file for correctness and completeness.

• Check the antenna heights for correctness.

• Check the base station coordinates for correctness.

• Analyze all reports.

• Compare the different observations of the same stations to check for discrepancies.

• After all discrepancies are addressed, merge the observations.

• Analyze the final coordinates and the residuals for acceptance.

8-03.3(e)  General Notes
• At present, do not use RTK surveys for pavement elevation surveys or for staking 

major structures.

• If the data transfer link is unable to be established, the RTK survey may be performed 
with the intent of post processing the survey data.

• The data transfer link must not “step on” any voice transmissions.

• If a UHF/VHF frequency is used for the data transfer link, check it for voice 
transmissions before use.

• The data transfer link is to employ a method for ensuring that the signal does not 
interfere with voice transmissions.

8-03.4  Tertiary RTK Surveys

8-03.4(a)  Applications
Tertiary horizontal accuracy is acceptable for the following typical WSDOT RTK 
operations:

• Supplemental control for engineering surveys and construction surveys

• Photo control

• Controlling land net points

• Construction survey set-up points

• Topographic survey set-up points

• Monument surveys

• Monument surveys (set)

Tertiary vertical accuracy is acceptable for the following typical WSDOT RTK 
operations:

• Supplemental control

• Photo control

• Construction survey set-up points

• Topographic survey set-up points

Figures 8-8a and 8-8b list the specifications for tertiary accuracy using RTK procedures.
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8-03.5 General-Order RTK Surveys

8-03.5(a)  Applications
General-order accuracy is acceptable for the following typical WSDOT RTK operations:

• Topographic surveys (data points)

• Supplemental design data surveys

• Construction surveys (staked points) excluding major structure points and finish grade 
stakes

• Environmental surveys

• Geographic Information System (GIS) surveys

Figure 8-9 lists the specifications for general-order accuracy using RTK procedures.
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Specification RTK Survey

Field

Geometry of RTK control stations 
Surround and enclose the RTK project

Minimum accuracy of RTK control stations Tertiary

Minimum number of horizontal RTK control stations for 
horizontal RTK surveys 4

Minimum number of vertical RTK control stations for vertical 
RTK surveys 5

Base station occupies an RTK control station Recommended

Percent of data collected with a valid checked initialization 
100 %

Maximum PDOP during station observation 5

Minimum number of satellites observed simultaneously 
5

Maximum epoch interval for data sampling 5 seconds

Minimum satellite mask above the horizon 15 degrees

Maximum RMS during a station observation 70 millicycles

Minimum number of epochs of collected data for each 
observation 30

Horizontal precision of the measurement data 
for each observation Less than or equal to 0.03 ft (10 mm)

Vertical precision of the measurement data 
for each observation Less than or equal to 0.05 ft (15 mm)

Tertiary-Order RTK Survey Specifications
Figure 8-8a
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Specification RTK Survey

Maximum residual of the horizontal coordinates for the horizontal 
RTK control stations in the GPS calibration 0.07 ft (20 mm)

Maximum residual of the height for the vertical RTK control stations 
included in the GPS calibration 0.10 ft (30 mm)

Maximum distance from the base station to the rover unit(s) 
6 miles (10 km)

Percent of new stations occupied 2 or more times 100%

Percent of second occupations having a different base station 
100%

Maximum difference in horizontal coordinates of the second 
occupation from the first occupation 0.07 ft (20 mm)

Maximum difference in height of the second occupation from the 
first occupation 0.13 ft (40 mm)

Establish stations to be used as conventional survey control in 
groups of 3 Yes

Office

Check the data collector file for correctness and completeness 
Yes

Check the base station WGS84 coordinates and ellipsoid height for 
correctness Yes

Analyze the GPS site calibration for a high scale factor and high 
residuals Yes

Compare check shots with the known values Yes

Check all reports for high residuals Yes

Tertiary-Order RTK Survey Specifications
Figure 8-8b
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Specification RTK Survey

Field

Geometry of RTK control stations Surround & enclose
the RTK project

Minimum accuracy of RTK control stations Tertiary

Minimum number of horizontal RTK control stations for horizontal 
RTK surveys 

3

Minimum number of vertical RTK control stations for vertical RTK 
surveys 

4

Base station occupies an RTK control station Recommended

Percent of data collected with a valid checked initialization 
100 %

Maximum PDOP during station observation 6

Minimum number of satellites observed simultaneously 
5

Maximum epoch interval for data sampling 5 seconds

Minimum satellite mask above the horizon 13 degrees

Maximum RMS during station observation 70 millicycles

Horizontal precision of the measurement data for each 
observation

Less than or equal to 0.05 ft (15 
mm)

Vertical precision of the measurement data for 
each observation

Less than or equal to 0.07 ft (20 
mm)

Office

Check the data collector file for correctness and completeness 
Yes

Check the base station WGS84 coordinates and ellipsoid height 
for correctness Yes

Analyze the RTK site calibration for a high scale factor and high 
residuals Yes

Compare check shots with the known values Yes

Check all reports for high residuals Yes

General-Order RTK Survey Specifications
Figure 8-9




