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COMMISSIONER OF PUBLIC LANDS

8%

WASHINGTON STATE DEPARTMENT OF D S th 1 d
BNP4 Natural Resources ONER OF PUBLIC LAV
——

October 2004

Dear Reader:

This “Land Surveyor's GPS Guidebook” has been made pedsitan incredible

effort of the GPS Guidebook Committee, a diverse groypublic and private land
surveyors and GPS practitioners. The Committee dsriishe Survey Advisory
Board, representatives from the Land Surveyor’s Assoniaf Washington, the
Board of Registration for Professional Engineers amdil%urveyors, as well as many
other Federal, State, County, and City government aggnci

This guidebook was prepared pursuant to the authority of G4 RCW, which
requires the Department of Natural Resources to coopamdteonsult with state,
county, and municipal governments and registered land susv/Eyahe establishment
of survey standards, methods of procedure, and the mondimermtBboundaries.

The GPS Guidebook Committee and DNR staff have put naumgtof hard work
and dedication into this project. Please give serionsideration to the information
presented in this guidebook as the DNR and the surveyinganoity work
cooperatively for the benefit of the people and the imglud our state.

Sincerely,

Doug Sutherland
Commissioner of Public Lands
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Foreword

The GPS Guidebook Committee is pleased to prelsngtidebook and present the surveying
community with GPS guidelines and procedureségnd surveying

We do not intend this guidebook as a complete dision of the subject of GPS surveying or to be
used as a stand-alone training tool. This intridnencourages the reader to pursue additional
study. The committee members strongly believeithatin the best interest of the surveying
profession, and the public served by this profesgimincorporate this guidance into everyday
practice.

The initial impetus for this guidebook came fromatissions occurring during training sessions
where many surveyors described how they perfornfe8 @easurements and how they compared the
accuracyof those measurements. In addition, changesrireging equipment and procedures have
shown the need for a reevaluation of current prestior performing GPS measurements. The
“Surveyor’'s Guidebook on Relative Accuracy” waseaed in June 1995 and introduced the relative
accuracy subject. An initial attempt was madeda @ chapter to that publication, which would
address theelative accuracyof GPS measurements as a practical applicatitimegbrinciples.

That attempt was thwarted by the complexity ofgtieject matter. Communications with
representatives from other states and from the Samdeyor’s Association of Washington
emphasized the need for a cooperative learningepsato make the continual transition successful.

Therefore, the committee views this guidebook sscand step in this interactive, educational effort
This guidebook has intentionally not addressedesohthe newest GPS measurement technology
and the committee will make future revisions aslade We encourage your active involvement in
this process. Please address any comments yohawayabout this guidebook or the subject of
relative accuracy to staff in the DNR, Public L&8utvey Office (PLSO). An address can be found
at the PLSO websitéttp://www.dnr.wa.gov/htdocs/plso/

The guidelinesin this document focus on:

e  Standards for Positional Accuracy

*  Types of surveying that may use GPS
»  Field operations and procedures

»  Data processing and data analysis

*  Project documentation

The use of these guidelines and menufacturer’s specificationgprovide a means for the surveyor
to evaluate a survey and to verify that the spegtificcuracy standard can be achieved.

These guidelines are designed to ensure that aysperformed with GPS technology is repeatable,
legally defensible and can be referenced to\onal Spatial Reference System (NSRS)
addressing the following set of criteria:

1 This document will not cover geodetic controM@&ys and it does not cover the requirements negdssmeet the
National Spatial Data Infrastructure (NSDI).

Note: lItalicized words in bold font, e.gndependent occupatiarindicate that a definition for that word appears
Appendix A: Glossary and Definitions. (Definitiovords are showhold, italicized the first instance only.)
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1. Model and eliminate or reduce known and poterdiadom components sfystematic error
sources.

2. ldentify and minimizeandom errors.

3. Occupational (station) and observational (basgliedundancy to quantitatively demonstrate
the required or stated accuracy.

4. Documentation dbaseline processinglata adjustment, and data analysis, which demaiast
the recommended procedures and required accuracy.

5. Compliance with the current Bureau of Land Mamagnt ‘Manual of Instructions for the
Survey of the Public Lands of the United States

6. Compliance withiRevised Code of Washington (RC\&idWashington Administrative Code
(WACQC).

This document is intended to provide the user gitidelines for planning, execution, and
classification of surveys performed using Gia&ier phasemethodology. GPS survey guidelines
continually evolve with the advancements in equiphamd techniques. Changes to these guidelines
are expected as these advancements occur. The®pe, and site conditions of a project may also
require variations from these guidelines.

Any variations from these guidelines should begtesi to meet the above criteria and to achieve the
accuracy standard of the survey as suggesteddgabument. All variations should be documented
in a project report (See Section E).

Many sources were consulted during the preparafitinis document. These sources included other
GPS survey standards and guidelines, technicatteepod manuals (see Appendix D for
References). Opinions and reviews were also sdughtpublic and private Professional Land
Surveyors who use GPS for land surveying.

All tables and references are shown in metric diimrs. Accuracy may be expressetis.
Survey feeunits where the point coordinates or elevatioeseapressed in that system.

Copyright

Copyright of this document resides with the Stdité/ashington, Department of Natural Resources,
Public Land Survey Office (PLSO). This documenyrna copied for the purposes of private study,
education, research, or review. No part may beodemed or reused for any commercial purposes
whatsoever without the prior written permissiorited PLSO and credit being given for the
information source.

All requests and inquiries should be directed \o@DNR Survey Manager, An address can be found
at the PLSO websitéttp://www.dnr.wa.gov/htdocs/plso/
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SECTION A: STANDARDS FOR POSITIONAL ACCURACY

There are a number efrors that affect the position estimates derived fron8GP
measurements. The errors can generally be diundedhree distinct groups;

Satellite dependent errors
» Clock Errors
» Satellite Orbits
» Selective Availability

Propagation dependent errors
» Atmospheric Errors
» Troposphere
* lonosphere

Receiver dependent errors
* Antenna Phase Center
* Measurement Uncertainty

The majority of the errors listed are "spatialllated”. In other words, two receivers at
adjacent locations will experience similar errofis characteristic is used to
mathematically eliminate many of these errors byeying with two receivers
simultaneously. Because position error at bo#ssg assumed the same, the difference in
coordinates between the two receivers should lfisantly more accurate than the
absolute position of each antenna phase centeas. tddhnique is termedifferential
positioning and is used in all surveying applicasiof GPS technology. Two additional
sources of error that are site specific with GRS gcle slipsandmultipath. Cycle slips

are generally caused by physical objects, whichkdlbe signal or may include seemingly
insignificant things such as mesh fences or otlmadlsobjects, which can momentarily block
the satellite signal. Multipath is caused whengiellite signal takes two routes to the
antenna phase center. One route is direct froellisato antenna and the second generally
occurs when nearby reflective surfaces deflectidpeal path from the satellite to the
antenna. In addition, unseen obstructions sueheatromagnetic transmissions or naturally
occurring atmospheric disturbances may also ineexféth this signal. lonospheric
corrections should always be made on long basdinesmpensate for any uncorrected
lonospheric effects on the satellite signals..

The static andiast staticsurvey procedures in these guidelines follow lesi@blished and
well-documented industry and government surveytipes: Guidelines for real-time
kinematicsurveys are in the early stages of developmeatl-&tne kinematic GPS is
suitable for land surveying of small areas. Maiatee opositional confidenceequires
certain observational and occupational redundarmeidschecks.
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Accuracy Standard

The accuracy of classical triangulation networkraverse surveys is described by a
proportional standard, e.g. 1:10,000, which refl¢he distance-dependent nature of
terrestrial surveyingerror. The accuracy of GPS surveys, beingdegance dependent,

use different accuracy standards (linear and positcovariancestandards). This use of
multiple standards creates difficulty in comparihg accuracy of coordinate values obtained
by different survey methods.

In recognition of these difficulties, titederal Geographic Data Committee (FGDGas
changed its methodology for reporting the accutddyorizontal and vertical coordinate
values. The new reporting standard is defined3®g @onfidence intervals, amror circle
for horizontal uncertainty, and a linear valuevertical uncertainty.

Table 1: FGDC Accuracy Standards Horizongdlipsoid Height, and
Orthometric Height

Clggcs:ilii?act)i/on 95% Confidence Clggcs:ilii?act)i/on 95% Confidence
1-Millimeter <0.001 meters 1-Decimeter <0.100 meters
2-Millimeter <0.002 meters 2-Decimeter <0.200 meters
5-Millimeter < 0.005 meters 5-Decimeter < 0.500 meters
1-Centimeter <0.010 meters 1-Meter <1.000 meters
2-Centimeter <0.020 meters 2-Meter < 2.000 meters
5-Centimeter <0.050 meters 5-Meter <5.000 meters

10-Meter <10.000 meters

All spatial data activities should use one or haftthese classification schemes depending
on the characteristics of the data set(s). Desdifiilow in more detail are the standards for

reporting the positional accuracy for horizontad/an vertical coordinates:
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Figure 1

Horizontal Standard

The reporting standard in the horizontal comporeettie radius of a
circle of uncertainty, such that the true locatiéthe point falls within
that error circle 95-percent of the time. Seerfigli

The reporting standard in the vertical componeatlinear uncertainty
value, such that the true location of the poinsfafithin +/- of that
linear uncertainty value 95-percent of the time.
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See figure 1 |
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Accuracy R
WAC 332-130-080 describes the use of relative amyuin Washington State: Relative
accuracy should be described in termbo#l accuracywhen developing aurvey quality
statement A quality statement appearing on a Record of&fmight say, “...95% of
corners shown are no greater than 0.046 m. (x0.pt@l accuracy, based upofeast
squaresadjustmentof all traverses in the survey...”. See Table 4efqected local
accuracy positional standards using various GP8&adst

Local Accuracy

Local accuracy is derived from a least squaressagent of the survey network, which
might include GPS and terrestrial data. Such worétis relative to the positions of
existingprimary control points These primary positions are weighted using thed-
sigmanetwork accuraciesRkRelative error ellipsesre computed during the adjustment for
all directly connected, secondary points. Eaditingderror ellipseis then converted to a
corresponding circular measure. The average oflallive circular measures constitutes the
survey's relative accuracy. Since this measurewieatcuracy is based upon an average,
then some measurements will be of lower qualitiathioutside of the average relative error
circle. Typically, most surveyors and their clemtant to be assured that all their
measurements meet some standard. In order tiefBecthis comparison, consider the
radius of a relative error circle as equal to #mismajor axis of its associated relative error
ellipse. Therefore, the value of the largest inadagrror circle radius in the project will be
the local project accuracy. See Section D: Ermualgsis, for details.

Network Accuracy

Thenetwork accuracyof a control point is a value that representsutieertainty in the
coordinates of the control point with respect teghodetic datunat the 95-percent
confidence level. This is also called #tation error ellipse For NSRS network accuracy
classification, the datum is best expressed bgedoeetic values at tHgontinuously
Operating Reference Stations (CORS)pported by the National Geodetic Survey (NGS).
By this definition, the local and network accuraajues at CORS sites are considered to be
infinitesimal, i.e., to approach zero error.

Since most least squares adjustment and basehihsassoftware packages express point
uncertainties in the form gfoint standard deviation# Northing and Easting, a point’s
local or network accuracy can be computed by usiadarger of the two uncertainties as a

2 That map to be filed with the County Auditorddaling direction found in Chapter 58.09 RCW, Susvey
Recording.
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confidence circleradius. Next, these techniques can be used tputenocal or network
accuracies between points as desired.

Local accuracy is best utilized to check relatibasveen nearby control points. For
example, a surveyor checking closure between twR$\Soints is most interested in a local
accuracy measure. On the other hand, someonewuciivgg aGIS will often need some

type ofpositional toleranceassociated with a set of coordinates. Networkiaoy
measures how well coordinates approach an ideal-feee datum. For more information
on local and network accuracies, consult the FGD@igation “Geospatial Positioning
Accuracy Standards” (see Appendix D for references)

Network and local accuracies are fundamentallylaimsoncepts; with local accuracy
describing the positional accuracy between twotgpsnd network accuracy describing the
positional accuracy between a point and the NSB&ed together, network and local
accuracy classifications are helpful in estimatioguracies between points not directly
measured, or in comparing positions determined treseparate surveys. Consider the
following examples:

Example 1

Local Accuracy: If adjacent stations are positioned independetitlylocal accuracy
between the stations can be estimated from eaaipaetwork accuracy (error circle)
relative to the controlling CORS or High Accuracgf&ence Network (HARN) station.
To estimate local accuracyu (see Figure 2):

Let Ny = the error circle at the NW corner of Section d16d

Let Ny = the error circle at the SW corner of Sectionthén

Measured vectors

Section 16
CORS or
HARN
. Not measured
Figure 2 Ny=0.04m

Lim = /(N0)2 +(Nu)? =4/(0.03m)? + (0.04m§ = 0.050
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Example 2

Network Accuracy: If a station has been positioned without a dirseaisurement from a
CORS or HARN station, the network accuracy candierchined from the errors of the
stations in the network.
To compute network accuracy; Nsee Figure 3)

Let Nk = the error circle at the NW corner of Sectiomaq

Let Lgy = the relative error between the NW and SW coro&Bection 8, then

No = /(Ne)? +(Le)? = /(0.03m)2 + (0.05m§ = 0.058r

Measured vectors
\ Nr=0.03m
—4-

CORS’*\
or Y
HARN \ Lry=0.05m _
Figure 3 \ R Section 8
/V\\
\\
Notmeasured T~ = -
N

Linear Closure Relationship

To assist in relating classical proportional stadsfto confidence intervals, Tables 2 and 3
have been created.

In Table 2, a desired linear closure is shown actios top of the table and a distance
between local survey points on the left of thedalsitersecting the column and row will
show the expected local or network accuracy betweepoints.

Thus, two points that are 500 meters distant haailogal or network accuracy of 0.05
meters has a proportional accuracy that is notdbtae 1 part in 10,000. Put another way,
points that are to be set 500 meters apart canlbeaieor network horizontal uncertainties
of no more than +/- 0.05 meters in order to ach&peoportional accuracy of 1 part in
10,000.

3 Refer to WAC 332-130-090 Field traverse starsléodland boundary surveys, which describes minimu
standards for linear closures after azimuth adjastm
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TABLE 2: Linear Closure ~ Accuracy Relationship (in ers)

Linear Closure Ratio

}L) 1:5,000 1:7,500 1:10,000 1:15,000
= 25 m. 0.005 0.003 0.002 0.002
&._ 50 m. 0.010 0.007 0.005 0.003
CIC.) 75 m. 0.015 0.010 0.008 0.005
Qo 100 m. 0.020 0.013 0.010 0.007
% 200 m. 0.040 0.027 0.020 0.013
a8 300 m. 0.060 0.040 0.030 0.020
8 400 m. 0.080 0.053 0.040 0.027
=] 500 m. 0.100 0.067 0.050 0.033
4‘Z’ 750 m. 0.150 0.100 0.075 0.050
a 1,000 m. 0.200 0.133 0.100 0.067

1,500 m. 0.300 0.200 0.150 0.100

2,000 m. 0.400 0.267 0.200 0.133

2,500 m. 0.500 0.333 0.250 0.167

Table 3 can be used to estimate the local relatiearacy between two directly connected
points. The table shows various error circlesviar points, A and B. Values for point A
appear in the leftmost column and values for pBiappear in the topmost row. To find the
relative accuracy between the points, find therarirgle value for point A in the leftmost
column and the error circle value for point B ie tbpmost row. The estimated local
relative accuracy is found at the intersectiorhefdolumn-row.

For example: If the expected local relative acoptatween two points is 0.050 m (3 cm &

4 cm error circles) and the desired proportionalieacy is 1: 10,000, then from Table 2, the
minimum distance between the points should noesg than 500 m.

TABLE 3: Relative Accuracy between Points (in meters)

Error Circle for Point A

Error Circle for Point B

0.010 0.020 0.030 0.040 0.050 0.06 0.07 0.0§0  0900. 0.100
0.010 0.014 0.022 0.032 0.041 0.051 0.061 0.071 810.0 0.091 0.100
0.020 0.022 0.028 0.036 0.045 0.054 0.063 0.073 82.0 0.092 0.102
0.030 0.032 0.036 0.042 0.050 0.058 0.067 0.076 850.0 0.095 0.104
0.040 0.041 0.045 0.050 0.057 0.064 0.072 0.081 890.0 0.098 0.108
0.050 0.051 0.054 0.058 0.064 0.071 0.078 0.086 940.0 0.103 0.112
0.060 0.061 0.063 0.067 0.072 0.078 0.08% 0.092 000.1 0.108 0.117
0.070 0.071 0.073 0.076 0.081 0.086 0.092 0.099 060.1 0.114 0.122
0.080 0.081 0.082 0.085 0.089 0.094 0.100 0.106 130.1 0.120 0.128
0.090 0.091 0.092 0.095 0.098 0.103 0.108 0.114 200.1 0.127 0.135
0.100 0.100 0.102 0.104 0.108 0.112 0.117y 0.122 280.1 0.135 0.141
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Example 3

Two local survey points A and B are each locate@GBys with 95% certainty confidence
circles. The expected relative error between thetg will be as follows:

Given confidence circles for points A and B, whoesdii are 0.01 m (0.0328’). The
expected random error will be:

E =+/0.0107 + 0.0107 = 0.014m, or E =+/0.0328 + 0.032& = 0.047

By substituting relative local accuracies compwtétl Table 3 into Table 2, the minimum
distance between connected points necessary taaimaéngiven proportional accuracy can
be determined.
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Expected Local Accuracy Positional Standards for GPS Lanck§&u

The following, Table 4 is provided to aid the siyvein planning GPS surveys. It gives the
smallest (minimum) and the largest (maximum) echarle expected under normal
conditions. This chart can be used to pre-planispam survey points when used in
conjunction with Table 2: Linear Closure ~ Accur&siationship, in order to meet
minimum standards. Care must be taken upon faljasament of the project to assure
actual results meet or exceed pre-planned expauasatiNote that points measured without
redundancy have “unknown” maximum error. Withadundancy, we have no assurance
that points are within any specified error circle.

A least squares adjustment or other multiple baselata analysis must be performed to

produceweighted mean averageoint coordinates and point uncertainties in otdererify
that the required level of positional accuracy Ihesn achieved.

TABLE 4: Expected Local Accuracy Positional Stand4rds

Method Horizontal Horizontal Vertical Vertical Application
Max Min Max Min
—_— |
. Survey Project ContrglSurvey
Static 1.5cm lcm 6cm 4cm Measurements
. Survey Project Control, Survey
Fast Static 3cm 2cm 9cm 6.cm Measurements
gogt Pdrociessebtlnematlc 6cm 4 cm 9cm 6 cm Survey Measurements
eaunaan
ggzL:}'ggﬁtKlnematlc 6cm 4 cm 9cm 6 cm Survey Measurements
. . Data acquisition for topographic /
Post Processed Kinematic Unknown 4cm Unknown 6cm | contour maps
Post Processed Kinematic Unknown 4cm Unknown 6 em Data acquisition for topographic /
Continuous contour maps
. . . Data acquisition for topographic /
Real Time Kinematic Unknown 4cm Unknown 6em | contour maps
Real Time Kinematic Unknown 4cm Unknown 6 em Data acquisition for topographic /
Continuous contour maps
Differential GPS
Resource Grade Unknown See m_apufgcturer Unknown See m_apufacture ‘Resource grade mapping only
Specifications Specifications

4 Surveyors are typically concerned with positi@t@uracy at the 95% certainty levelar as shown in the
table above, yet manufacturer’s specificationauatelly at the 68.3% certainty levellar and may be obtained
by dividing the minimum specification figures byé.

Table 4 was created by the GPS Guidebook Comnfiitieea variety of sources.
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SECTION B: TYPES OF GPS SURVEYING

Horizontal Control

Horizontal controls a network of GPS stations tied to the NSRSlocal control scheme,
which is surveyed to control all subsequent GP&awentional survey measurements.
Project control may also be used to bracket olosuad a kinematic dRTK project with
static points.

Using survey project control tied to the NSRS muieed when a land surveyor intends to
place coordinates on the final survey map follovgoglance in RCW 58.20.180.

The survey project control network must be esthblisby either static or fast-static survey
methods. Theetwork measurements may be observed at the sauad¢hie survey
measurements are observed and are designed tthmdéeflowing purposes:

» Provides a framework to reference the survey tatard, anapping projection
and the NSRS.

e Supports registration of the survey measuremetagshieepublic recordunder
RCW 58.20.180 and into a GIS.

» Serves as the basis for all subsequent, projecifisp®PS and conventional survey
measurements.

» Ties to the NSRS will allow reporting of the netWwarccuracy of survey
measurements per “FGDC Geospatial Positioning AaguBtandards”.

» A well-designed survey project control network weiffer the surveyor more
flexibility when using fast static, kinematic, aR@'K survey methods for the survey
measurement portion of a survey. It provides agadte amount of reference
(base) station locations, ties the survey measumepwnts together, allows for
expanding the survey area and provides accuratkstigroughout the survey
project.

The number of stations in the survey project comtetwork depends upon factors such as
project size, topography, positioning method used, access. A minimum of two or more
survey project control stations should be estabtisds a reference for the survey
measurements. All survey project control netwadfsrenced to the NSRS should be tied to
at least twdHigh Accuracy Reference Network (HARNStations (also called High
Precision Geodetic Network (HPGM}ations) or twd&Continuous Operating Reference
Stations (CORSYHf the NSRS. Currently, the Washington HARN valaee ilNAD
83(1991)andNAD 83(1998) whereas CORS values ardNAD 83(CORS)with an epoch
value like 2002.00. These adjustments should eabized. For further study, refer to
http://www.ngs.noaa.qov/CORS/metadatal/

In the absence of HARN or CORS stations, other &#fBol stations, which are referenced
to the NSRS and published by or available throuperdederal, state, or local agencies,
may be used. The use of such stations shoulddleaded by the surveyor regarding the
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relationship to the NSRS before inclusion intogbevey project control network and before
any survey measurements occur. In some instancgBS survey may be performed
without connection of the NSRS and a local or agslidatum may be utilized. Coordinate
values derived from a local datum should not bdiglied on the survey record, and the
specific datum or basis of meridian should be dedigd. The current Washington State
reference datum is the North American Datum of 1988e RCW 58.20.180). All control
and project information should be referenced tadjostment of NAD 83, for example,
NAD 1983 (1998). Orthometric heights require refae to a datum as well. The currently
preferred datum is the North American Vertical Datof 1988 (NAVD 88) for work on

land and didal datumwith tide stationreference for surveys in tidal waters. The dati@m
or date of the datum represents the date of themageast squares adjustment associated
with the horizontal control point. Thlepochdate is used for stations in regions of episodic
and/or crustal motion where the coordinates chaviipetime. The epoch date indicates the
date the published horizontal coordinates and keigte valid. All points with adjusted
horizontal coordinates and/or heights that falhimita designated crustal motion region will
have an epoch date based on the date of the atesty from which the coordinates were
determined.

All horizontal control networks should conform teetfollowing:

» Bereferenced to two or more NSRS or other pubtigitdocal datum horizontal
control stations, located in two or more quadrasuisrounding the survey project
area.

» Points are connected by two or mordependent baselines

» Contain valid loops with a minimum of three basedimnd a maximum of 10
baselines. A loop must contain baselines froreadtitwo different observing
sessions to be valid.

» Baselines have a fixadtegerdouble differencesolution or adhere to the
manufacturer’s specifications for baseline lengkiag exceed thfixed solution
criteria.

» All stations in the survey project control netwstould have two or more
independent occupations

» The survey project control network must be a gedoadlty closed figure.
Therefore, single radial (spur) lines or side shota point are not acceptable.

Vertical Control

Based on the Federal Geographic Data Committedgatibh, "Geospatial Positioning
Accuracy Standards" [http://www.fgdc.gov/ stand&ldsument/standards/accuracyy,
guidelines were developed by the NGS for perforn@®fS surveys intended to achieve
ellipsoid height network accuracies of 5 cm at9Bgercent confidence level, as well as
ellipsoid height local accuracies of 2 cm and 5 alsp at the 95 percent confidence level.
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GPS carrier phase measurements are used to det@autor baselinen space, where the
components of the baseline are expressed in tdr@artesian coordinatalifferences.
These vector baselines can be converted to distaniceuth, and ellipsoidal height
differences (dh) relative to a defined referentipsid.

H = Orthometric Height
h = Ellipsoidal Height
N = Geoid Height H=h-N

Figure 4

Orthometric heights (H) are referenced tegnipotential reference surfaca.k.a. the
geoid The orthometric height of a point on the Eartfusface is the distance from the
geoidal reference surface to the point, measumajahe plumb line normal to the geoid.
These are the heights most surveyors have workbdmihe past and are often called
“mean sea-level” heights. Ellipsoid heights (h) mferenced to a reference ellipsoid. The
ellipsoid heightof a point is the distance from the reference®tiid to the point, measured
along the line that is normal to the ellipsoid.eThrm ellipsoid height may be a new concept
to many traditional surveyors, but has become peavdecause ellipsoid heights are
derived from GPS measurements. At the same poithesurface of the Earth, the
difference between an ellipsoid height and an onétac height is defined as theoid

height (N).

Several error sources, includidgflection of the verticalthat affect the accuracy of
orthometric, ellipsoid and geoid height valuesgaeerally common to nearby points.
Because these error sources are in common, theaintg of height differences between
nearby points is significantly smaller than theantainty of the absolute heights of each
point. This is the key to establishing accurateametric heights using GPS. Orthometric
height differences (dH) can then be obtained friipseid height differences (dh) by
subtracting the geoid height differences (dN):

dH = dh-dN

Adhering to NGS’ guidelines, ellipsoid height difeces (dh) over short baselines, i.e., less
than 10 km, can now be determined from GPS caphiase measurements witksigma
uncertainties that are typically better than £2 ¢rhe requirement that each baseline must
be repeated and agree to within 2 cm of each adhdrmust be repeated on two separate
days during different times of the day, should jme\a final GPS-derived ellipsoid height
better than 2 cm at the 2-sigma level. It sholdd he noted that the GPS-derived ellipsoid
height guidelines documented by NGS were intentipdasigned to produce ellipsoid
heights slightly better than 2 cm, i.e., aboutdm} so they could also be used when
generating 2 cm GPS-derived orthometric heightse requirement that spacing between
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local network stations cannot exceed 10 km help®ép the relative error in geoid height
small, i.e., typically less than 0.5 cm. Therefdrés possible to establish GPS-derived
orthometric heights that meet accuracy standartted-cm (95 percent) level routinely
using GPS.

There are three basic rules, four control requirgmend five procedures that need to be
adhered to for computing accurate NAVD 88 GPS-aeriorthometric heights.

Basic Rules

Rule 1: Follow NGS guidelines for establishing GPS-dattiedlipsoid heights when
performing GPS surveys,

Rule 2 Use NGS'’ lateshational geoid modegle.g. GEOID03, when computing GPS-
derived orthometric heights, and

Rule 3 Use the latest National Vertical Datum, NAVD 8@jght values to control the
project’s adjusted heights.

Control Requirements

Requirement 1 GPS-occupy stations with valid NAVD 88 orthometniights; stations
should be distributed proportionally throughoutject

Requirement 2 For project areas less than 20 km on a sidepgnidrproject with valid
NAVD 88 bench marks, i.e., minimum number of stagigs four; one in each corner of
project. [NOTE: The user may have to enlarge tiogept area to occupy enough bench
marks, even if the project area extends beyondriyaal area of interest.]

Requirement 3 For project areas greater than 20 km on a sy Kistances between
valid GPS-occupied NAVD 88 benchmarks to less @@am.

Requirement 4 For projects located in mountainous regions, pgaalid benchmarks at
the base and summit of mountains, even if themiistés less than 20 km.

Procedures

Procedure 1 Perform &-D minimum-constrained least squares adjustmafthe GPS
survey project, i.e., constrain one latitude, amgitude, and one orthometric height value.

Procedure 2 Using the results from the adjustment in procedyrdetect and remove all
dataoutliers. [NOTE: If the user follows NGS’ guidelines fastablishing GPS-derived
ellipsoid heights, the user will already know whiattors may need to be rejected, and
following the GPS-derived ellipsoid height guidelnshould have already re-observed those
base lines.] The user should repeat procedurad 2 antil all data outliers are removed.
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Procedure 3 Compute the differences between the set of GRi8edeorthometric heights
from the minimum-constrained adjustment (usingdimeent Geoid model) from procedure
2 and the corresponding published NAVD 88 benchmark

Procedure 4 Using the results from procedure 3, determineciwvbiench marks have valid
NAVD 88 height values. This is the most importsigp of the process. Determining which
benchmarks have valid heights is critical to cormguaccurate GPS-derived orthometric
heights. [NOTE: The user should include a fewaXAVD 88 bench marks in case some
are inconsistent, i.e., are not valid NAVD 88 heighlues.]

Procedure 5 Using the results from procedure 4, perform fyfoabnstrained adjustment
holding one latitude value, one longitude valuel alhvalid NAVD 88 height values fixed.

Adjustment Notes:

Compare repeat base lines

The procedure is very simple: subtract one ellgpgaight from the other, i.e., the ellipsoid
height from base line A to B on day 1 minus thgsbid height from base line A to B on
day 2. If this difference is greater than 2 cme ofhthe base lines must be observed again.
This is a very simple procedure, but also one efrtlost important. Many users complain
about having to repeat base lines, but requiringxira half-hour occupation session in the
field can often save many days of analysis in ffiee

Analyze loop misclosures

Loop misclosures can be used to detect "bad" obtgens. (A bad observation can include
a misread antenna height, not being plumb oveiird ppobserving the wrong point.) If

two loops with a common base line have large misoies, this may be an indication that the
common base line is an outlier. Since users nag&at base lines on different days and at
different times of the day, there are several diffieloops that can be generated from the
individual base lines. If a repeat base line diifiee is greater than 2 cm then comparing the
loop misclosures involved with the base line mdp letermine which base line is the
outlier. According to NGS guidelines, if a repbase line difference exceeds 2 cm then one
of the base lines must be observed again, andihasanust be observed at least twice on
two different days and at two different times o thay.

Plot ellipsoid heightesidualsfrom least squares adjustment

Like comparing repeat base lines, analyzing ellghbeight residuals is also important.
During this procedure, the user performs a 3D mimmtonstrained least squares
adjustment of the GPS survey project, i.e., coitstiae latitude, one longitude, and one
ellipsoid height; plots the ellipsoid height resith) and investigates all residuals greater
than 2 cm. Be aware that NAD 83(1998) heights khibet used since NAD 83(1991)
heights are not good.

Select a best fit to a tilted plane

Best fitting a tilted plane to the height differescbetween GPS-derived orthometric heights
and published NAVD88 heights, is a good methodedécting and removing any systematic
trend between the height differences. Most GPGsauient software available today has an
option for solving for a tilted plane or rotaticasdscale parameterso remove the
systematic trend from data if one exists. Aftéread has been removed, all differences
between measured and published should be lesstham.
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Survey Measurements

Survey measurements are used to define the locatidextent of ownership boundaries or
property lines. Survey measurements are referendi survey project control coordinates
or by direct ties to the NSRS.

All survey measurement observations, except RTBukhconform to the following:

» Be constrained to two or more survey project or SSRations, which are located in
two or more quadrants surrounding the survey prejesa.

» Points are connected by two or more independemribas.

» Contain valid loops with a minimum of three basedimnd a maximum of 10
baselines. A loop must contain baselines froreadtitwo different observing
sessions to be valid.

» Baselines have a fixed integer double differendeatism or adhere to the
manufacturer’s specifications for baseline lengkiag exceed the fixed solution
criteria.

» The azimuth or bearing between any pair of staticeesl for reference during
conventional survey measurements should be includaaetwork, or measured
with a minimum of two independent vectors followitg RTK techniques
described in Section C. Baselines between stpiins must be measured for
inclusion in network adjustment and analysis.

» All stations in the survey measurements shall iaweor more independent
occupations.

» Single radial (spur) lines or side shots to a paistnot acceptable.

Data Acquisition for Topographic/Contour Maps

GPS is suited to topographic surveys for areamydarge open areas for easy satellite
acquisition. Some of the benefits of GPS are:s& occupation time per shot, the data
collector is moved to each point hence it is atddldor recording point descriptions, and a
line of sight between base and rover is not require

Topographic surveys may be based on an existirigakand/or horizontal datum or be
totally based on an assumed datum. When based existing datunmbase statiorsetup
procedures (see Section C; RTK System Check on&gmust be followed for the type of
data capture being used. When using an assumigdtait and vertical datum the base
point is assigned an assumed value, each sharisbtised on the relative position between
the base antenna and the rover antenna. For adslatan it is recommended that at least
two additional control points for the survey besgihg redundant measurements to assure
coordinate values are correct. Periodic checksertmthese points assure that all settings
and adjustments are still correct. Subsequenpsetn the base location previously used as
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an assumed datum must be treated as an existimg) déth all setup procedures followed.

When the surveyor needs assurance that objectg s@ineyed during a topographic survey
are within a certain tolerance one should reférables 4, 5, & 6 to determine if their
methodology will meet their required specifications

These surveys are usually performed ugingt Processed Kinemat{PPK), Real Time
Kinematic (RTK),Post Processed Kinematic continuous (PPK-a)Real Time

Kinematic continuous (RTK-cith radial data capture techniquesVertical and
horizontal project control is normally performeddre topographic mapping. The setup of
the base station on a known point is verified bkingaa measurement from the base station
setup to another survey project control statiopreviously observed survey measurement
point. If the measured X, y, z coordinate valueswthin themanufacturers’duplicate
point toleranceof the existing coordinate values, then the s&t@ssumed good. The
manufacturers’ specifications are used to deterthieexpected accuracy for individual
topographic points. A client may also have requésts or the surface material (hard or
soft) dictates that the accuracy be greater thasiple using RTK. The surveyor needs to
remember that there will be a certain number oftjposl outliers even under ideal field
conditions. Obstructions, atmospheric disturbarealsr weather, and electromagnetic
forces can also cause “multipath” and “cycle slipgilch will increase the number of
outliers. For this reason enough positions mustdogiired to negate the effects of these
errors on the final map. Any feature to be mameediring positional certainty must be
located using redundant measurement techniques.

Point positional standards are independent of naunst exceed, thpographic map
accuracy standard$or the map that is being created.
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SECTION C: FIELD OPERATIONS AND PROCEDURES

General Requirements

The general requirements for surveys recommendédisgdocument apply to all types of
GPS surveys - static, rapid static and kinematic.

The general requirements include:

Referring to the manufacturer's documentationrfstruictions as to the correct use
of equipment

All ancillary equipment such as tripods, tribraahgtical and laser plummets, etc.
should be in good condition

Users should take extreme care when measuringetgbttof the antenna above the
ground mark

The point identifier should be recorded at the tohsurvey

Satellite geometras defined by th&eometric Dilution Of Precision (GDOP)
should be less than 5

All receivers must observe at least four commoalktais
Theelevation maskshould not be less than 15 degrees

When establishing reference stations, marks wigh fuality coordinates should be
adopted

When heights are required, marks with high quélgight values must be used
Field observation sheétshould be used to document all static survey Gatinis

It is not necessary to recomtkteorological readingsbut if desired the readings
should be taken with precise instrumentation. @&iesh Tropospheric models
should normally be used during data processingaP8 processing software will
provide different model choices of which the mawtidieer may provide a default
model.

Measurements for horizontal coordination purposestrform a closed figure and
be connected to at least two marks with known doatds in the desired coordinate
system

Appropriate measurement redundancy should be peefbaccording to the type of
survey

These guidelines provide a basic framework forqreming surveys.

5 Documentation of the point being measured, eqeig operators, equipment used to measure, timdated
of measurement, antenna height measurements, grtails that may appear unusual, e.g. lightningtloer
severe weather.
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Field Data Acquisition Methods

A variety of GPS field data acquisition methods rayused for survey measurements,
survey project control, topographic measurememid vartical control. The appropriate
measurement methods are associated with these/dypes in Table 5.

TABLE 5: Survey Type ~ Method Matrix

Static SFt:;(t: PPK RTK

Survey Project Control YES YES NO NO
Survey Measurements YES YES YES YES
Topographic Measurements YES YES YES YES
Vertical Control YES YES NO NO
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Table 6: Summary of Carrier-Phase GPS Positioning Methods

Horizontal
Method Requirements Application Accuracy Comments
Static -L1 GPS receiver Control surveys 1cm+ 2ppm Forgiving, tolerates cycle slips, nestagle
-Computer for post processing (High-accuracy) frequency geodetic receiver. Relatively lon
L1 -Minimum 45 minutes + occupations; lines limited to approx 15 km,
due to ionosphere
(Post
processing)
Static -Dual frequencyGPS receiver Control surveys 0.5cm + 1ppm +Forgiving, tolerates cycle slipstkgmut
-No P-coderequired (High-accuracy) effects of ionosphere
L1/L2 Need L1/L2 antenna -Relatively long occupations
(Post
processing)
. -Dual frequency GPS receiver with eithprControl surveys 2.cm+ 2ppm +Short occupations, very efficient
Fast-Static P2 or P1/P2 configuration (Medium to high +No requirements for maintainingck
-Need L1/L2 antenna accuracy) between points
-5 to 45 minute observation time, -Requires high-end receivers
(POSt depending on number 8V's -More susceptible to multipath problems
processing) -Requires very careful planning or good
communication in field
Kinematic -L1 receiver with Kinematic option Continuous 4 cm + 2ppm for +Very short occupations

Includes stop

-Need kinematic antenna (L1)
-Data collector with survey controller
software recommended

topographic surveys

Feature mapping

stop-&-go

5cm + 2 ppm for
continuous

+Most efficient data collection
+One person can be the complete topograp
crew

o and 5-30 seconds average f&iop & go surveys -Requiresnitialization
g . kinematic -Must maintain lock to 4 SV's while moving
continuous 0.5-5 seconds average fantinuous between points
kinematic -Most susceptible to multipath effects
-Recommended max distance between bas
(POSt and rover is 10 km
processing)
Kinematic -L1 receiver with RTK option (includes | Hydrographic surveyq 4 cm + 2ppm +No post-processing of data required
RTCM in/out) (real-time, high +Provides real-time coordinates
-Need kinematic antenna (L1) accuracy) +Logs vector information for network
Real time -Need data links adjustment, if desired
Kinematic -Need data collector with survey Location surveys +Very efficient for both location and layout
controller software -Radio links between base and rover must fje
(RTK) -5-30 seconds average, depending on maintained (up to 5 repeaters okay)
user requirements -Lines limited to 10 km
On-the-fly
DGPS L1 receiver with differential beacon, Mapping & 1 m-L1 DGPS - Not to be used for any boundary or
WAAS or other broadcast signal Location of resource | 2 m -WAAS regulatory line
Resource Gra features 5m—CA
Autonomous L1 receiver oICA codesingle frequency| Orienteering 5m-L1
GPS hand held Navigation 30 m —CA code

6 Surveyors are typically concerned with positica@iuracy at the 95% certainty level ar& shown in the
table above, yet manufacturer’s specificationsuatelly at the 66% certainty level as And may be obtained by
dividing the minimum specification figures by 1.96.
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Static Positioning

The static observation technique is commonly usedtd its reliability and ease of data
collection. Static surveys are performed by settip equipment over ground marks at two
or more stations for a predetermined period. Bik&PS surveying procedures, it is crucial
that data is logged at the same time to a commtoof satellites.

Static observing sessions are normally 45 minat&shours in length. Equipment
manufacturers generally provide guidelines orejhech intervaland session length for
various conditions. The epoch interval defines loft@n measurements are recorded, for
example every 1, 10, or 60 seconds. A single epbdata is sufficient to achieve
centimeter-level results once the carghaseambiguitiesare resolved. The duration of
static sessions must therefore be sufficient tarendhat the phase ambiguities can be
resolved.

Some centimeter-level errors affecting GPS measamtsriend to average out if the session
is longer than 20 minutes. Where utmost accuaoyquired, always collect at least 45
minutes of data.

Static positioning is primarily used for ties t@tNSRS when observing survey project
control. This method may also be used for theesumeasurement portion of a land survey
or when doing vertical control surveys.

« The minimum observation period for baselines lbag ten kilometers should be 45
minutes

« The recording rate should be 5-30 seconds
« The satellite geometry should change significattiing the observation session

- Single frequency receivers may be used for shwoeslfor non-higlprecision
applications

« ltis essential that the carrier phase ambiguétiesconstrained for lines less than
15km

Fast-Static Positioning

When making survey measurements using only thestasit method, survey measurement
observation schemes use either a network or meiltgalial baseline approach. Use one or
more reference (base) receivers, usually two, éacet two or more different quadrants and
one or moreover receives with fixed height or adjustable antenna tripoitgitls. The
antenna elevation on adjustable antenna tripodsdbimust be regularly checked during a
survey to ensure slippage has not occurred.

Another observation scheme uses two or more raseiva traverse or leapfrog
observational scheme.
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This method requires shorter occupation timesgite.45 minutes) than static positioning
and may use a radial baseline technique, netwohigue, or a combination of the two.

Fast static requires least squares adjustmenteorfysrocessing software capable of
producing a weighted mean average of the obsenstibast-static positioning may be used
for observing both the survey project contand the survey measurements of a land survey.

« baselines must be less than ten kilometers inlengt

« manufacturer's documentation should be consulteddi@rmining the occupation
period

« dual frequency receivers are preferred
- five or more satellites should be observed

- the recording rate may vary between five and fifteeconds

Post-Processed Kinematic (PPK) Positioning

Satellite measurements collected at sites in & ¢ian be stored then combined in a
computer for post-processing. Results are onlginbtl after the fieldwork is complete.

The continuous kinematic and stop-andkgeematic surveyingechniques are used to
improve productivity in open areas where many poiged to be located. rAference
receiveris established in an open area at a fixed locati@ne or more rover receivers are
then moved to various points of interest. Withtoarouskinematic positioning the

relative location of the rover antenna is deterhiaeeach epoch. Whereas in the stop-and-
go technique, the antenna location is only requivieen it is stationary over various marks.

At least 5 satellites are required to initializel aasolve the carrier phase ambiguities. At
least 4 satellites and preferably 5 or more musthserved during kinematic surveys.

When making survey measurements using a PPK sorethod, one should keep the project
control and survey measurements separated. Thigchases one or more reference (base)
receivers, usually two, located in two or moreadiét quadrants and one or more rover
receivers during survey measurements.

The post-processed kinematic survey method provigesurveyor with a technique for high
production survey measurements and can be usedda with minimatatellite

obstructions PPK uses significantly reduced observation tinweepared to static or fast-
static observations. This method requires a kgsares adjustment or other multiple
baseline statistical analysis capable of produaimgighted mean average of the
observations. PPK positioning is used for obsgrifre survey measurements of a land
survey.

- five or more satellites should be observed
« receivers should be initialized per the manufacsurecommendations

« each point should be occupied in a different sessith different satellite geometry
when measuring fixed points.

« the recording rate should be between one and éversls
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- single frequency receivers may be used althoughfdigpency receivers are
preferred

Real-time Kinematic (RTK) Positioning

Real-TimeKinematic (RTK) GPS Surveys are performed with a data tearisfk between a
reference GPS unit (base station) and rover ufiite field survey is conducted like a
kinematic survey, except data from the base st&itnansmitted to the rover units through

a data radio or through an Internet connectionllyspieovided by a cellular link, enabling

the rover unit to compute its position in real tinkRTK techniques provide results with very
little delay and therefore are suited for stakexpyilications. Normally RTK methods are
limited by the range that the rover can be fromréference. Refer to the manufacturers
specifications for these ranges and correspondiegjgions. RTK techniques and CORS
advancements have broadened the ranges of RTKfultht these advantages are limited to
regions where the technology has been embraced.

When using an RTK survey method, as the sole meamunt method for survey
measurement, keep the project control and survegunements separated. RTK uses a
radial style survey scheme with one or more refar¢hase) receivers and one or more rover
receivers for survey measurements. The radiat@afRTK requires additional redundant
measurements be made as part of the field sunenatipns and procedures, which are
discussed in these guidelines.

« Five or more satellites should be observed.
« Receiver specifications should be adhered to fosistent results.

- Each point should be occupied in a different seswsith different satellite
geometry, unless collecting data while moving.

« The recording epoch rate should be either oneversieconds.

- Single frequency receivers may be used althoughfidgpuency receivers are
preferred.

There are generally four parts of an RTK survey:
1. System check
2. Site calibrations
3. Corner measurements
4. Property corner stakeout

1. RTK System Check

This check consists of re-observing at least 3 knpwsitions or all control points around
the project. It is a measurement from the RTK Is@tep to another survey project control
station or previously observed survey measuren@nt.pThe resulting observed position is
then compared by inverse to the previously obsepesition for the known point. This
inverse should be within the duplicate point tabeey which is relevant to the project
specifications.
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When observing these measurements, the roverawebfor a duplicate point tolerance that
meets the project specifications for the measurenfanknown point with an existing point
name. Manufacturers recommend that an RTK syshetkanay also be made at any time
during the course of each RTK survey session angtime the base receiver(s) and rover
receiver(s) are setup and initialized.

An RTK system check is designed to check the fatigw

» The correct reference base station is occupied.

» The GPS antenna height is correctly measured aeceerat the base and rover.
The recommended way to minimiakindersin measure-up is to record both
meters and feet and make a comparison or to ugediHeight tripod/range pole.

» The receiver antennas are plumb over the statithrediase and rover.

» The base coordinates are in the correct datumreepdane projectionsare correct.

* The reference base stations or the remote stdimresnot been disturbed.

» The radio-communication link is working.

» The RTK system is correctly initialized.

* Root mean square (RMSjalues are within the manufacturer’s limits.

2. RTK Site Calibration for Local Coordinate Systems

A calibration is the defining of a local coordinatestem. A calibration or site registration is
needed to relate World Geodetic System 1984 (WQ38ditions to a locairid
coordinateprojectiorf. To do this, the user needs to be cautious aheudatum epoch

with which they are trying to work. Local Northa& (NE) systems require one or more
points that have coordinates in both WGS-84 andhlsen local grid coordinate projection
system. A calibration is needed whenever poirdd@be staked out. The accuracy of
points to be staked out will depend on the calibredccuracy. The accuracy and
consistency of these points and of the GPS measutsrto them will affect the quality of
the calibration.

The number of points that can be used in a caldréd manufacturer and software
dependent, although, it is recommended that thiegirbe surrounded by control.
Calibration points should be well distributed arddine project exterior.

At least one, but preferably four or more pointghvexisting chosen vertical datum and GPS
measurements are required to introduce the vedicaponent into the project. These points
should be distributed around the project in a “beatifiguration such that they include any
measured points within their boundary. The sametpanay be used for both horizontal and
vertical calibration.

Care should be taken to keep relative equal spacirapntrol points. Clusters of control
points should be avoided since the calibrationwsof may place greater weight on these
groups and skew or distort results.

A calibration, horizontal or vertical, may be ugedsubsequent projects as long as the new
project falls within the calibrated area. Projeuisy be calibrated within a data collector or
by using network adjustment software, then uplodadetie data collector (recommended for
large projects).

7 This is in contrast toniversal Transverse Mercator (UTMandState Plane coordinatesvhich can be
directly derived from WGS-84 usiriprary projections
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The calibration computation summary should be erathfor reasonable results in the
horizontal scale, maximum vertical adjustment imation, and the maximum horizontal and
vertical residuals. The RTK System Check can leel tis verify the accuracy of the
calibration.

3. RTK Corner Measurement

Corner measurements are usually made with RTK wmiegr more base configurations and
one or more rover receiver configurations. RTKneormeasurements shall only be made
after completion of the system setup-check pro@asdur

When using RTK for corner measurements, followrttamufacturer’'s recommendations for
observation times to achieve the highest levetofiecy, (for example, 180 seconds of time
or when the horizontal (0.020 m) and vertical (0.0% precision has been met for a
kinematic control point). Under optimal conditioiislear sky, lowpositional dilution of
precision (PDOP) a deviation from the manufactures suggested ¢omél be appropriate.
However, observation times should be set to acdouaffield conditions, measurement
methods, (i.e. topographic point or kinematic colnpioint) and the type of measurement
checks being performed. Observation time may teée increased (i.e. 200+ sec) to
obtain enough data if the field data is to be gwstessed as a check.

Recommended methods for RTK corner measurement: iRdasurement method choices
are based upon availability of control, terraimitig, and staff and are optional.

» Observe the unknown point per guidelines descrédimie and store the
measurement (M1) in the data collector.

» Initialization may be checked at this time by faria loss of satellite lock. The best
way to accomplish this is favert the antenna The initialization can then be
checked by a stakeout to the point or a secondurerasnt (M2).

* RTK measurement verification: The baseline measemneifM1) to the found corner
location or temporary point can be verified by fibléowing method.

Perform a check measurement (M2) from the saméfereht survey
project control station used for the M1 measureparieast 1 hour after
the M1 measurement was taken. This resultant iM)surement can then
be merged into the first ( M1) measurement or steeparately (M2) for
later analysis. The base antennas’ height musltérec to insure an
independent baseline.

* Note: Thesurvey measurement toleranad 4.6 cm is the maximum acceptable
distance for M1 — M2 inverse. It should be acogptely under extremely poor
GPS conditions due to tree cover, multi-path, ¢tthis tolerance is exceeded, then
one should measure with an alternate method or neozealifferent location.

RTK positioning is similar to a PPK or a total statradial survey. RTK does not require
post-processing of the data to obtain a posititutisn. This allows for real-time surveying
in the field. This method allows the surveyor timke out similar to total station/data
collector methods. RTK positioning is used for shievey measuremeportion of a land
survey.

Real-time surveying technology may utilize dualjfrency (L1/L2) techniques for
initialization. The subsequent RTK measuremergdtan accomplished using the L1
carrier phase frequency and are subject to thdibasength limitations of 10 km. Other
RTK measurement technologies can use the L1/L2iémecjes coupled with improved
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atmospheric models. This refined data is therstratted from a central processor through a
data link to determine baseline solutions allowornger baseline measurement using RTK.

Network RTK surveys can be performed using multijiee stations that can be
permanently installed or mobile. One system rexguir set of fixed reference stations, which
continuously transmit to a central computer servdre server performs sophisticated error
checks. The server then models corrections fovertbased upon its location within the
network of base stations from a position transmhittethe server via a two-way connection.
This same connection then sends the standarcction®to the rover. Other systems
operate using a series of independent base statarsnitting corrections that require the
user to analyze the data from each station se@llgnti

Caution: Steps must be taken for reobservation and to reth@vantennae from any
multipath areas. There is a need for redundandgpglthis type of work. This type of
surveying is not acceptable for control since tlier®t enough redundancy or ability to
analyze the data. The surveyor must make an imfdhecision when choosing the
appropriate methodology to be used in a partiquiaject area. For survey projects in a
forest canopy environment with marginal sky visipjlstatic or fast-static GPS methods or
even conventional optical methods should be corside-lieu of using RTK or PPK.

» Field survey operations should be performed udiegranufacturer’s
recommended receiver settings and observation ti@ggrations under adverse
conditions, such as under a forest canopy, mayirestpunger observation times than
specified by the manufacturer, moving the setugntarea of less obstruction, or
waiting for a change in theonstellation

» Fixed height or adjustable height antenna tripeagje poles can be used for all
rover GPS observations. The elevation of an aaljlstheight antenna tripod/range
pole should be regularly checked to make sure &fjpfhas not occurred.

» All plumbing/centering equipment should be regylahecked for proper
adjustment.

4. RTK Corner Stakeout

RTK technology allows the surveyor to stakeoutatrascorner from a known position. The
system check will detect blunders and the init&lan quality of the survey. A system
check must be done before staking-out.

Note: Exercise caution when using grid coordinf&tes stakeout. It is important to
apply the appropriate corrections fmmvergenceelevation, and distance in accordance
with thePublic Land Survey System (PLS8)les found in the Bureau of Land
Management’s “Manual of Instructions for the Sureéyhe Public Lands of the United
States, 1973".
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An acceptable corner stakeout procedure is:

Note: Other variations are acceptable. Ensureateple measurements with
redundancy and rotate plumb pole to balance laygble error and pole
misalignment.

Navigate to a calculated corner location (e.g. €off’) using
coordinates from your local control base statiog. (goint 100).

Make a measurement at a temporary point calleditwgyse
between the M1 coordinate and the calculated Cofer
coordinate; move the distance and direction tc#heulated
Corner A location. Repeat these measurements @wid)
corrections until you are satisfied that you occtimycalculated
Corner A position, set a temporary stake at théiposthen
measure this location (M3) and overwrite the presip stored
temporary point.

Invert or cover the rover antenna to force lossatéllite lock and
initialization. Move 50’-150" away and reinitiaézn a different
multipath environment. Move back to the tempogoint and
check the location (M4).

Inverse between the M3 and M4 coordinates. lhtkasured
positions of M3 and M4 are within the duplicatergdblerance of
the calculated Corner A position then the initiatians and
measurements are correct. Note, in this exampayi3 and M4
measurements are a short duration (i.e. 30 secotfdbe
measurements do not check, then move 50’-150different
direction, reinitialize, and remeasure the tempopaint again. If
thesemeasurements do not check again, a new measurshaarit
be made with a different satellite constellatioteast 2 hours
later.

Set the monument at the true Corner ‘A’ location.

As a validation check on the monument positioneagp
measurement after 2 hours to get a new constellatidhen
measurements are made using dual RTK base stadiomsye and
reinitialization should be followed as outlined abo

Take a measurement on the set monument (e.g. Gosd@nds)
and store the position with a different name (Egrner ‘A-1").
Optionally, set the receiver or data collectorttwres data for
subsequent post-processing.
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SECTION D: DATA PROCESSING AND ANALYSIS

Introduction to Loop Closure

The GPS surveying techniques are capable of gamgpi@ntimeter accuracy results if the
carrier phase ambiguities are correctly identified constrained during data processing.
The results are generally presented as Cartesadinate differences, referenced to the
World Geodetic System 1984 (WGS 84) coordinaterdatlihese coordinate differences, or
vectors, represent thieree-dimensionatoordinate difference between the reference and
rover receiver. In addition to Cartesian coordisathe vectors can be presented in terms of
east, north, and height differences. This is comynperformed using a local horizon plane
projection. Regardless of the manner in whichvidators are presented, closures of
connecting baselines can aid in the detectionrohepus measurements. In the same
manner in which a traverse misclosure is compuhedthree dimensional misclosure of GPS
vectors can also be determined. GPS surveys aperformed to generate traverse
measurement equivalents; therefore, surveyors aseally selected baselines to form loops
of baselines. The closures can be performed @saadculator, however, some GPS
surveying systems provide loop closure utilitiethwhe data processing software.

Intelligent use of loop closures can enable erroadiaselines to be identified.

Checking Baselines Observed in Multiple Sessions

In order for a loop closure to be performed, GP&:liges are required from more than one
observation session. If only one session is ubedyaselines are correlateshd loop

closures will tend to always indicate excellenulss This is due to the correlation between
the baselines rather than the quality of the bas®li When multiple sessions are observed, a
number of strategies for detecting poor qualityteccan be adopted. Consider the
following example (see figure 5) where several neldunt baselines have been observed.

One strategy that may be adopted is to check
each triangle; while trying to isolate any
triangle, which reveals poor results. If each
triangle is closed, it is likely that a bad baselin
will affect more than one triangle. This
technique results in often checking correlated
baselines from the same session. lItis also
likely, however, that a session, which was too .
short to enable the ambiguities to be correctlglves!, will Figure 5

highlight two low quality baselines. Comparingtaitingles will enable such instances to be
detected if sufficient baselines are observedhdrexample provided, if baseline X is
erroneous, it can be anticipated that trianglesdLZawill highlight a poor closure. By
performing a closure around the four-sided perimaftériangles 1 and 2, the poor baseline
can be highlighted. In addition, several of thenpmhave been occupied on more than one
occasion. Performing loop closures will aid ines¢ing whether antenna height errors are
present in the data set.

8 Said of two or more observations (or derivedngjtias), which have at least one common sourezrof.
NOTE: See references in Appendix C for “Sectior-1@PS Surveying Survey Practice Handbook”, Sumgeyo
Board of Victoria, Australia
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Example 4Errors caused by lack of redundant measurements

Experience has shown that during a static GPS gusing dual-frequency
geodetic equipment), it is possible to get goog Idosure and have very small
residuals in the network adjustment, yet still havarge errors in the adjusted
positions of some stations. This can happen iifosta are occupied in one session
only.

In one situation, later traversing revealed anrasf@.4 meters in a station’s
coordinates that was occupied only once. Repriomefse vectors in and out of the
point, from a single session, changed the positioR.4 meters to a position just a
few hundredths different from one measured by giduewverse. Both the original
and reprocessed GPS networks had good loop cldsaggh the station in
guestion. The vectors through the station in qoestad high variance numbers.
There were compensating errors in the vectorsdnoan of the station. This can be
attributed to the fact that both vectors into ttegien are computed from the same
data set.

Example 5inability to find errors without redundant measurements

A GPS traverse was run between two monuments i(agre 6) about 34 km. apart.
When we got to the second monument, we misseplubiéshed state plane
coordinates by about 0.55 meters. This miscloisungthin legal specifications
since the distance is so far, but appears to lbea@em. How can it be determined
whether the error is within the traverse or onthefpublished coordinates?

Figure 6

ublished coordinates have an accuracy order, vibiequated to a point errtr

linear error, e.g. 8 mm 1: 1,000,000. One might expect the relative dvetween
the example stations to be about 0.04 meters.efrbefound is likely the result of

a poor quality GPS traverse, rather than bad cbndew GPS measurements can
be made between several other control stationsteymine if one station is bad, but
additional redundant measurements should also de theough the traverse
stations, as demonstrated in figure 7. A seridwated quadrilaterals or triangles
allow isolation of errors, as long as the measunésnare all independent.

Figure 7

Page 37 of 66



Internal Accuracy

Accuracy of a total station traverse can be comphésed upon its misclosure. A loop of
GPS baselines can be treated in a similar fasHamp misclosure is computed in all three
coordinate components and expressed as a ratie total distance of the loop. More

commonly, however, this internal accuracy can be

expressed in parts per million of the total bagelin Loop Closure
length. This will easily enable an assessmenetmbade

regarding the loop closure performance in compariso Errors (m)  Errors (ppm)
the manufacturer defined specifications, which are é '8'832; '8'3;_’2;
generally presented in parts per million. An exkngb Z _0"01 40 _1"2 497

a baseline closure is shown in figure 8. Six hiassl
with a combined length of more than eleven kilomeete | Total distance (m): 11,182.7581
have been selected. The loops close to withinva fe Total error (ppm): 1.6181
centimeters, resulting in a part per million erwbjust

over one and a half millimeters per kilometer.
Figure 8

Introduction to Network Adjustment

When performing network adjustments of GPS basgliadeast squares adjustment of the
generated baselines is often performed once pliagasscomplete and should follow the
manufacturer’'s recommended procedures. These r&twiay comprise static and
kinematic baselines. The network adjustment pnageldas several functions in the GPS
surveying process. The adjustment provides aesi#®fl of coordinates based on all the
measurements acquired, as well as providing a mexhdy which baselines that have not
been resolved to sufficient accuracy can be deteddeseries of loop closures should be
performed before the network adjustment procedusdiminate erroneous baselines
entering the adjustment process. A further featfitbe network adjustment stage is that
transformation parameters relating the GPS vettoadocal coordinate system can be
estimated as part of the adjustment. The adjustprecess can be done in several ways.
The following sections highlight the major elemeoitshe adjustment process.

Minimally Constrained Adjustment

Once the processed Cartesian vectors have beedload the adjustment modgjlan
adjustment should be performed where one or nalotates are constrained. The
adjustment should be performed using\W@S84datum and appropriate estimates of
station centering error. This solution providesechanism by which GPS baselines, which
are not sufficiently accurate, can be detectedce@nmeminimally constrained adjustment
has been performed, the surveyor should analyzestbeline residualand statistical
outputs (which will differ between adjustment praxgis) and ascertain whether any
baselines should be removed from subsequent agjustmThis process relies on the
baseline network being observed in such a manremgore that redundant baselines exist.
Redundant baselines enable erroneous baselinesdtdcted as illustrated by Example 6
on page 37.

9 That portion of a GPS software application thatsed to perform least squares adjustment of i&R&orks.
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Fully Constrained Adjustment

Once the minimally constrained adjustment has peeiormed and all unsatisfactory
baseline solutions removedfudly constrainedadjustmentcan be performed. The
constrained adjustment is performed to computestoamation parameters, if required, and
yield coordinates of all unknown points in the dedicoordinate system. The surveyor must
ensure that sufficient points with known coordisadee occupied as part of the survey. The
user should analyze the statistical output of tieegssor to ascertain the quality of the
adjustment. Large residuals at this stage, afeentinimally constrained adjustment has
been performed, will indicate that the control peiare non-homogeneous. It is, therefore,
important that additional control points are ocegltio ensure that such errors can be
detected.

Error Ellipses

Thestandard deviatiorof the estimated coordinates is derived from tiverise of the

normal matrix generated during formulation of tbadt squares process. Error ellipses for
each point can be computed from the elements @fhirix. The ellipse present$veo
standard deviation confidence regiq®5% certainty) in which the most probable solution
based on the measurements will fall. Surveyorsilghmase the quality of the adjustment
process on the magnitude of these ellipses. Mantyacts will specify the magnitude of
error ellipses for both the minimally constrained dully constrained adjustments as a
method of prescribing required accuracy levelse ptoduct documentation for the
adjustment program will further indicate the marinewhich the ellipse values are
generated.

Independent Baselines (Non-Trivial Baselines)

For the least squares adjustment process to bessfiat; the surveyor must ensure that
independent baselines have been observed. Iftmaneone session is used to build the
baseline network, then independent baselines xiglt.e In instances where one session is
observed and all baselines adjustedntieasurement residualwill all be extremely small.
This is due to the correlation that exists betwiberbaseline solutions as they are derived
from common data sets. This is not a problem ag &s the surveyor is aware of the
occurrence and does not assume that the basal@etas high accuracy as implied from
the network adjustment results. For each obsewsésgion, there are n-1 independent
baselines where n is the number of receivers timgdata simultaneously, with
measurements inter-connecting all receivers dwisgssion. If the mathematical
correlation between two or more simultaneously nlieskvectors in a session is not carried
in thevariance-covariance matrixthetrivial baselinestake on a bracing function
simulating the effect of theroper correlation statisticsbut at the same time introducing a
false redundancin the count of theegrees of freedom

Error Analysis

The local accuracies of property corners are baped the results of a least squares
adjustment of the survey observations used to kstiaheir positions. They can be
computed from elements of a covariance matrix efatljusted parameters, where the known
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NSRS control coordinate values have been weigtdie) wheir one-sigma network
accuracies. The covariance matrix can be foutlkddrGPS software adjustment files, which
may be labeled similar t8tation Coordinate Error Ellipsesithin theError Propagation
tables.

Table 7: Error Propagation: An Example of Network Accuracy
Analysis

Station Coordinate Error Ellipses (Meters)
Confidence Region = 95%
Station Semi-Major Semi-Minor Axis | Azimuth of Elevation
Axis Major Axis

4424 0.00000 0.00000 0°00’ 0.00000
4427 0.00000 0.00000 0°00’ 0.00000
4434 0.00000 0.00000 0°00’ 0.00000
6369 0.00904 0.00850 2°10’ 0.01222
6370 0.00913 0.00884 3°21 0.01222
6371 0.00779 0.00753 3°37 0.01045
Note: Points 4424,4427,and 4434 were held fixed as control

Another useful table contaifiRelative Error Ellipsedata and can be found near the other
error tables (See Table 8: Relative Error Ellipses)

Table 8: Relative Error Ellipses: An Example of Local Aexy
Analysis

Relative Error Ellipses (meters)
Confidence Region = 95%

Stations Stations Se_mi-Major Se_mi-Minor Azimuth _of Vertical
From To AXxis AXxis Major Axis

4424 6370 0.00913 0.00884 3°21 0.01222
4424 6371 0.00779 0.00753 3°37 0.01045
4427 6369 0.00904 0.00850 2°10° 0.01222
4427 6371 0.00779 0.00753 3°37 0.01045
4434 6369 0.00904 0.00850 2°10° 0.01222
4434 6371 0.00779 0.00753 3°37 0.01045
6369 6370 0.00863 0.00836 176°47 0.01154
6369 6371 0.00820 0.00792 174°10’ 0.01103
6370 6371 0.00757 0.00746 178°52’ 0.01010
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The 95% confidence circle representing a local @ayucan be derived from the major and
minor semi-axisof the standard relative ellipse between two setepoints. It is closely
approximated from the major (a) and minor (b) saris parameters of the standard ellipse
and a set of coefficients. For circular errompaléis, the circle coincides with the ellipse. For
elongated error ellipses, the radius of the cingliebe slightly shorter than the major
semi-axis of the ellipse. A rigorous treatmenthié computation may be found in
Appendix A but, for the purposes of this documém, radius of an error circle is equal to
the major semi-axis of an associated error ellipdee value of the largest error circle radius
in the project should be adopted for reportinglipcaject accuracy. Refer to Relative
Accuracyand Local Accuracy in Section A of this documerd aaveral publications
referenced in Appendix C for further study.

Data Integration
When integrating GPS measurements with conventienadstrial survey measurements it is
imperative that the surveyor verify:

» The type of GPS receivers and antennae used

» Geographic control coordinates have been propemsformed to State Plane values

» Appropriate value(s) fageoid separatioris(are) adopted and applied for the survey

» The State Plane or local plane horizostale factorsangular rotation factors, zone
and units of measure are applied correctly.

» Theelevation scale factois applied correctly to determigeound distanceat an
average project elevation. A good check is to mmeathe distance between two
known points with an EDM if the scale factor isrsfigant.

» The appropriate datum has been used.

» There are no hidden or double transformations efitta.

» The computation and reporting of the basis of Ingad appropriate.

» Realistic standard error values for terrestriaklzsions, as well as for GPS
observations.
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SECTION E: PROJECT DOCUMENTATION

All GPS land surveying projects must be performedean responsible charge of a
Professional Land Surveyor licensed to practicedl@nrveying in Washington State (RCW
18.43.040). The Board of Registration for Profesal Engineers and Land Surveyors
considers the use of GPS surveying methods tolestaj@odetic control and make survey
measurements to be the practice of Professional Barnveying.

Proper documentation of a survey is important éburfle reconstruction of the measurements
or presentation in court. Project documentatiog b@prepared and stored in the
appropriate project file, either hard copy or efgic, by the surveyor in responsible charge
as documentation of the GPS survey.

It is the surveyor’s responsibility to ensure thpmpriate safekeeping of survey
observation and computation data. The resourt@satgd to archiving depend on the
importance of the data and should be addresseaaseaby-case basis. The overriding
principle is that, the more important the data,rtoee care should be taken in preserving it.
When making an assessment the following itemsheagonsidered:
» Is the data of public interest
» Is the data of historic interest (the data may becaseful for an apparently
unrelated project)
» Is the data useful for future projects
» How much would it cost to replace the data
» How accessible should the data be (e.g. shouldtcbpythe scanned)
» In what format should the data be stored to makasily used in the future (e.g.
RINEX format for GPS data)
»  On what medium should the information be storedl & medium still be useable
in the future, and will it require maintenancehie teantime)
» Should the data have redundant archiving
» Should there be off-site storage in case of a netastrophe.

GPS data forms a record of the fieldwork and tloeeee§hould be archived so that it could be
reprocessed or used as evidence in the future.reMuossible, raw GPS observational data
should be saved to Digital Versatile Disk (DVD),f@mact Disk-Read Only Memory (CD-
ROM), floppy disk, or tape. Data should be starethe receiver native format or Receiver
Independent Exchange (RINEX) format.

There are many GPS software packages availableldrmligh all return similar results,
there is considerable variety in the informatioadarced. Ideally, this would include all the
mandatory and optional fields in the Receiver Irhejent Exchange (RINEX) file
(ftp://igscb.jpl.nasa.gov/igscb/data/format/rinex24f), but at least the information below
should considered as important:

* The station identifier

» The observing authority

» Theantenna eccentricitiegin all three dimensions) —measured toAlmenna

Reference Point (ARP)
* The receiver type
* The antenna type
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e The GPS observables collected
* The satellites observed
» The observing times (start & finish)

Other key GPS solution elements that may be rataimelld include all elements specified
in theSolution Independent Exchange (SINEXprmat
(ftp://igscb.jpl.nasa.gov/igscb/data/format/sinety,thut at least the information below
should be considered:

» Processing Authority

» Software (hame & version)

» Date & time of processing

» Unique solution identifier

» Data window

e Sampling interval

* Observables used

*  Orbits used

* Solution options

*  Ambiguity solution

» Station position(s)

» Variance-Covariance matrix

* Any additional comments

When Real-time kinematic is used, often raw GP& amhot logged, data collector files may
therefore be retained for archive.

Narrative Report
A suggested surveyor’s narrative report shouldushelsome combination of the following:

» The make and model of the GPS receiver, antendaetated equipment.

» A summary of all field operations, including cahltions and duplicate point
measurements.

» The baseline processing results and the softwateension number used.

» The results of the Network adjustment includingiasary of covariances,
standard deviation or root mean square (RMS) vandghe software and version
number used.

» A network diagram, true line diagram or map showimgnetwork configuration as
designed.

» Alist of the HARN, CORS, or reference stationsdusethe survey.

» Alist of coordinates by station including the datweoid model, epoch, and
measurement units used.

» Identification of local and/or network accuracies.

» Documentation of any variations from these guidslin

Example 7 shows how a narrative report, includmge items from the list above, can be
added to a Record of Survey.
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Example 7Narrative Report for a Record of Surty

Basis of Bearing
Washington Coordinate SysterMAD83(1991), North Zone, Derived from GPS tieshe following control
stations:

Station Designation Northing Easting

U.S. Survey Feet
GP37547 5 701,832.785 1,325,445.570
7215 678,676.536 1,324,359.222
7254 704,738.084 1,347,907.146

New control stations established during this sunggg GPS methods

Station Designation Northing | Easting

U.S. Survey Feet
7324 700,760.409 1,343,495.547
7325 697,903.937 1,343,110.240
7326 701,972.200 1,340,517.373

Convergence
-00°55'33” @ Center Y4 of Section 31

Project Distance Factor

The areas and distances shown are grid. Dividgriiedistance by 1.00000063 to compute the gralistnce
Latitude Factor = 1.00003883

Elevation Factor = 0.9999618

Combined Factor = 1.00000063

Control Specifications and accuracy

Control for this survey is in compliance with thedéral Geodetic Control Committee’s “Geometric Gatind
Accuracy Standards and Specifications for Using ®Blative Positioning Techniques, Version 5.0”, Repd
with corrections on August 1, 1989, for Group Cdé@rl Surveys, field observations were made using f
Trimble 5700 receivers, with zephyr geodetic andenn

Corner ties were made by field traverse using ad_€C1800L electronic theodolite. Traverses wihee

closed loops or began and ended at previouslylestatl control points. Traverse closures meet fielverse
standards for Lambert grid traverses as specifi®ilAC 332-130-090. Corner monuments tied and mamis
set were checked by double measure of both direatiol distance.

Method of Survey:

This survey combined the use of four Trimble natitga5700 receivers & Zephyr Geodetic antennaey@cdn
603 total station, a Leica TC1800L electronic tradibel, and a steel tape. GPS control coordinates w
obtained from a true least squares adjustmentversas are least squares or compass adjustea aftaple
even distribution of angular error. Traverse desumeet or exceed field traverse standards fobkantrid
Traverses as specified in WAC (Washington Admiatste Code) 332-130-090.

10 That map to be filed with the County Auditoddeling direction found in Chapter 58.09 RCW, Suwvey
Recording.

Page 44 of 66



Reporting Bearings and Distances

Reporting a basis of bearing is required for a Rkobd Survey document. When using GPS
technology, one may express the basis of beariag@sal bearing or assumed bearing in
reference to a specific property line or adjacenbrd line. One may also express the basis
of bearing as aGeodetic Bearing or Azimuthor reference it to the Washington
Coordinate System Zone and datum. All ground dista may be determined at ground
elevation, except where the requirements are ftesel, using the appropriate geoid model
to determine the geoid separation. For a landesuithe height above the geoid and the
orthometric height are considered the same.
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Appendix A

GLOSSARY AND DEFINITIONS

1-sigma (I) find on pages 13, 39, 55, 57, 60, 61

Plus or minus 1 standard deviation. This value c@sep 68.3% of the observations in a data set. imjpkcation is that if an
additional observation were taken, there is a 6&B&tice that it will fall within 1 standard devatiof the previously
determined mean. It is computed by finding theasguoot of the sum of the squared residuals diMiyethe one less than the
number of observations in the set.

1.96-sigma (1.96) find on pages 18, 28, 48, 57

Plus or minus 1.96 Standard Deviations. This vabraprises 95% of the observations in a data det implication is that if
an additional observation were taken, there is% 8bance that it will fall within 1.96 Standard Deions of the previously
determined mean. See alsgigma

2-sigma (&) find on pages 21, 61

Plus or minus 2 Standard Deviations. This valuemses 95.5% of the observations in a data see implication is that if
an additional observation were taken, there is.&%®<xhance that it will fall within 2 Standard Dations of the previously
determined mean. See alk@6-sigma

3-sigma (¥) find on page 56

Plus or minus 3 Standard Deviations. This valuemses 99.7% of the observations in a data see implication is that if
an additional observation were taken, there is.@2%®hance that it will fall within 3 Standard Dations of the previously
determined mean. An observation that falls outsfdbese limits is considered and anomaly or dlieowand should be
rejected from the data set. See dlssigma and 2 sigma

3-D Minimum-Constrained Least Squares Adjustment find on page 22

A least squares adjustment of a network of inteteoted GPS measurements. Performed to test #neahtonsistency or
“fit"” of the measurements, this type of adjustmasgumes that only one point in the network is tfixeUsed to find and
eliminate erroneous or poor quality measuremeats fhe network.

Accuracy find on pages 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 25, 28, 29, 32, 33, 36, 37, 38, 39,
40, 41, 44, 46, 47, 48, 49, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 63

The degree to which a measured quantity is retatéue “true value”. The closer a measurement ikeédrue value, the
greater the accuracy of the measurement. How alfigecomes to the actual position.

Ambiguities  find on pages 29, 30, 36, 50, 52, 56, 60

The initial bias in a carrier-phase observatioamfrbitrary number of cycles. The initial phasasuseement made when a
GPS receiver first locks onto a GPS signal is aodnig by an integer number of cycles because th&vezdas no way of
knowing the exact number of carrier wave cyclesben the satellite and the antenna. This ambigwltich remains constant
as long as the receiver remains locked on thelsigrestablished when the carrier-phase dataracegsed.

Antenna Eccentricities find on page 42
The offset distance from the antenna phase centeetmark being measured.

Antenna Phase Center find on page 11

The electronic center of the antenna. It oftersdu correspond to the physical center of thengiate The radio signal is
measured at the APC. The phase center cannot/bieglly measured to, so the offset of the phygitaise center from an
external point on the antenna must be known aodmnsnonly referenced to the Base/Bottom of Antenna.

ARP, Antenna Reference Point find on pages 42, 49

Determined by an actual external point that capHysically measured. Most commonly, this point \wél the Bottom of
Antenna (BA) and commonly referred to as the Bottdire-amplifier. An example of the Antenna Refere Point is where
the tribrach and antenna mount coincide.

Atmospheric Error  find on page 11

The atmosphere contains electrically charged pest{@ns). If the ionosphere is “excited” to aafrextent (manifested in
spectacular displays of the Northern Lights) GRBads become deflected, thus inducing an erro @erived positions.
lonospheric delay is a bending or deflecting of @RS radio signals as they pass through the Eaotidsphere. Since the
signals do not follow a direct path from sateltiteantenna, they are delayed. This time delayesags the computation of the
pseudoranges from the satellites to the antenaa.jttroducing an inaccuracy in GPS positions @erivom them.
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Base Station find on pages 24, 25, 31, 32, 34, 47, 49, 58

An antenna and receiver set-up on a known locatiis.used for real-time kinematic or differemsarveys. Data can be
recorded at the base station for later post primgesd he base station acts as the position froiotwédl other unknown
positions are derived.

Baseline Processing find on pages 9, 43, 57
The act of using a computer program to computelibasglutions from satellite measurements. Thay ime done on a
personal computer during post processing or wihieceiver during real-time GPS surveying.

Baseline Residual find on page 38

Baseline or Vector: The difference in three-dimenal coordinates (X, Y, Z) computed from the difece in simultaneous
carrier phase observations at two or more receiiResidual: The difference between an estimatgjd¢ted) value and the
observed value; specifically, v - where X is an observation of the estimated vgjue

Blunder find on pages 32, 34, 53, 55, 58

A mistake. An erroneous value resulting from a akist These have no place in a system of measuteagethey produce an
unwanted and unwarranted influence on the meamied computed statistics, such as the Standar@fi@vand Standard
Error.

CA Code, Coarse Acquisition Code find on page 28

A family of PRN codes transmitted by GPS satelliggch satellite is assigned one of 32 unique codie family. Each
code consists of 1,023 chips and is sent at aofdt®23 megabits per second. The code sequeneatsegvery millisecond.
The C/A-codes are Gold codes -- PRN codes thalistiaguished by a very low cross correlation betwany two codes (that
is, they are nearly orthogonal). C/A-codes culyearte transmitted only on the L1 frequency.

Carrier Phase find on pages 9, 20, 29, 30, 33, 36, 50, 53, 60
The accumulated phase of either the L1 or L2 gaofia GPS signal, measured by a GPS receiver kiokig onto the
signal. Carrier phase is also called integratepias.

Cartesian Coordinate find on pages 20, 36, 38

The Cartesian coordinate system is used by the \#@S8rence frame. In this coordinate systemcéimeer of the system is

at the earth’s center of mass. The z-axis is @bént with the mean rotational axis of the eartth tire x-axis passes through 0°
N and 0° E. The y-axis is perpendicular to theelaf the x and z-axes.

CBN, Cooperative Base Network find on pages 56

A high-accuracy network of permanently marked agmipints spaced approximately 15-minutes by 15uteis (25-50 km)
apart throughout the United States and its teresorCBN contains additional stations as needesffe aircraft navigation, or
in areas of crustal motion. The National Geodgticvey (NGS) responsibility for CBN is to assisti@uvise cooperating
agencies in establishing spatial reference coatrobrding to accepted Federal standards and speicifis.

Clock Error  find on pages 11, 50
Since GPS measurements are based upon very giersemall errors will affect position estimates.
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Confidence Circle find on pages 14, 17, 40

The 95% confidence circle representing a local mayucan be derived from the major and minor seresaf the standard
relative ellipse between two selected pointss tddsely approximated from the major (a) and m{bdisemi-axis parameters
of the standard ellipse and a set of coefficieRts: circular error ellipses, the circle coincigdgth the ellipse. For elongated
error ellipses, the radius of the circle will bigistly shorter than the major semi-axis of thepsi. The radius r of the 95%
confidence circle is approximated by:

/ 95% Confidence Circle

95% Confidence Ellipse

Figure 9
r=K,a

Where
K, =1.960790 + 0.004071 C + 0.114276+0.371625 &
C=bla

Note that the coefficients in the above expresarenspecific to the 95% confidence level, suchwian the major semi-axis
of the standard ellipse is multiplied by the vaddi€,, the radius of the 95% confidence circle is olgdidirectly, and no
further conversion is required (FGCS, 1995). Detan the circular confidence region may be fountdéenhouts (1985), the
source of which has not been found.

Confidence Ellipse, 95% find on pages 51, 54
The statistic used to represent the accuracy dfdhieontal coordinates of a point.
.r If the confidence ellipse represents network aagyren the accuracy of the point
| with respect to the defined reference system iesepted. If the confidence ellipse
) | represents a relative accuracy, then the accufabg point with respect to another
Figure 10 |

adjacent point is represented, and may be useshjorction with other relative
accuracies at that point to compute its local aour

The 95% confidence ellipse is centered on the agtidhhorizontal coordinates of
the point as illustrated in Figure 10. The trusitian is unknown and can only be
estimated through the measurements. The 95% enwficellipse describes the
uncertainty or random error in this estimated pmsijtresulting from random errors
in the measurements. There is a 95% probability; th the absence of biases or
other systematic errors, the true position will féthin the region bounded by the
ellipse.

The 95% confidence ellipse for the horizontal cawates of a point is derived from
the covariance matrix of the estimated coordinasesomputed using a least squares
adjustment. It follows the actual distributiontioé random error in the estimated
position, and is the preferred means of represgaticuracy when a detailed
analysis of horizontal coordinate accuracy is neglii See Error Ellipse

Constellation find on pages 34, 35, 53, 56
A specific set of satellites used in calculatingipons: three satellites for 2D fixes, four satedi for 3D fixes. All satellites
visible to a GPS receiver at one time. The optincomstellation is the constellation with the loweBtOP.

Constrained Adjustment find on pages 23, 38, 39, 52
To hold (fix) a quantity (observation and coord@)as true in a network adjustment.

Continuous Kinematic find on pages 28, 30
Successive baseline solutions generated at evech b an unbroken observation set. Typically ueddack a vehicle or
platform in motion.
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Convergence find on pages 34, 44

In this document, convergence is that angle betWgashington State Plane Coordinate System gridyaadetic directions,
also known as the mapping angle. A formula is tisettermine convergence = geodetic directiond-ajrection. For
positions on the grid, West of the Central Meridiaa convergence is a negative angle and East @¢htral Meridian is a
positive angle.

CORS, Continuously Operating Reference Stationfind on pages 13, 14, 15, 19, 31, 43, 55, 56, 57, 58
A GPS base station that may be part of the natioetatork or of local origin. Data is often avalbver the Internet and
may be available via radio or cell phone for réaktdifferencing.

Covariance find on pages 12, 39, 40, 48, 43, 53, 61

The average value of the quantity x(r1) * x(r2);emdx is a randomly varying function of the var@ahland r1 and r2 are two
given values of r. Covariance describes the inferdéence between variables and is typically expdessa variance-
covariance matrix where the diagonal elementstergdriances of the corresponding variables, avebtbff the main
diagonal are the covariance values.

Covariance Matrix find on pages 39, 40, 43, 48, 52, 61
A matrix that defines the variance and covariari@nmbservation. The elements of the diagonaltereariance and all
elements on either side of the diagonal are tharcance.

Cycles find on pages 46
The measurement interval used by a GPS receiver.

Cycle Slip find on pages 11, 25, 28

A discontinuity in GPS carrier-phase observatioissially of an integer number of cycles, causedmpbrary signal loss. If a
GPS receiver loses a signal temporarily, due ttrattons for example, when the signal is reacqlihere may be a jump in
the integer part of the carrier-phase measuremantaithe receiver incorrectly predicting the edgpsumber of cycles
between signal loss and reacquisition.

Datum find on pages 13, 14, 19, 20, 22, 24, 32, 36, 38, 41, 43, 45, 51, 52, 55, 56, 61, 62

A frame of reference for coordinate systems thataed to locate or reference points of interest orap. Some datums are
designed to “fit” a specific portion of the EartRor example, the North American Datum of 1927 designed to “fit” the
North American continent, but is not well suited fieapping other parts of the world. In contrasg, orld Geodetic System
of 1984 (WGS 84) datum and the closely related INarherican Datum of 1983 (NAD 83) can be appliedidwide and are
compatible with global mapping systems such asstbbal Positioning System.

Deflection of the Vertical find on page 21
The deflection of the vertic8lis at any point of observation the angle betwheridcal vertical and the spheroidal normal.

Geoid - ellipsoid rL'laliU|1.\-hi|.'!h

deflection of the vertical

Zenjy,

Figure 11

0/ Deflection of
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Degrees of Freedom find on pages 39, 53

The number of redundant observations in a measutesystem. For example, a triangle can be unigdefiyed if you know
the lengths of all three of its sides. If you wireneasure the lengths of the three sidespaeasure the three angles as well,
you would have three more observations than woelahimimally necessary to solve the problem. Tliese extra
observations are thus redundant. You get one éedifeeedom for each redundant observation irsgesy of measurements.
The more redundant observations, the better. §SegMean)

DGPS, Differential Global Positioning System find on pages 28, 58, 59

A method for improving the accuracy of C/A codeidinl GPS positions. Raw C/A code positions areate to only about
+/- 15 meters or so because not all of the defatse radio signals broadcast by the GPS sateflieish are used to calculate
pseudo ranges and positions) can be accounted for.

Differential correction works by modeling the deday the signals, thereby improving the accuragysetudoranges derived
from them. The delays can be estimated by cafig@ind analyzing GPS data that are collected airé whose position is
known beforehand. Thus, errors at the known pmintbe determined, and since the earth is sudige iéace, these errors
(transformed into corrections) can be applied ta dallected by other nearby GPS receivers.

Differencing or Phase difference processing find on pages 48, 53

Relative positioning computation of the relativéfetence in position between two points by the pssoof differencing
simultaneous reconstructed carrier phase measureatdooth sites. The technique allows cancefiaifall errors, which are
common to both observers, such as clock errorg,eniors, and propagation delays. This cancelteiffect provides for
determination of the relative position with mucleager precision than that to which a single pasiffiseudorange solution)
can be determined.

DOP, Dilution of Precision find on pages 26, 33, 52, 55

A dimensionless number that accounts for the daution of relative satellite geometry to errorpasition determination.
DOP has a multiplicative effect on the UEREGenerally, the wider the spacing between thallgas being tracked by a GPS
receiver, the smaller the position error. The nsostmon quantification of DOP is through the positifilution of precision
(PDOP) parameter. PDOP is the number that, whétiptired by the root mean square (rms) UERE, gihesrms position
error. Other DOPs include the geometric dilutiopiacision (GDOP), horizontal dilution of precisigfiDOP), and vertical
dilution of precision (VDOP).

Double Difference find on pages 20, 24

The double difference observable involves lineadmbining the measurements acquired to two sateimultaneously
measured by both receivers. In order to combirgsmements in such a manner, the acaalmeasurementare required
by the processing module.

The double difference approach gives rise to thiblkodifference ambiguity terms. One satelliteeisned the reference
satellite and is used during the development al@lible differences. The solution reports eegldual graphsgenerated by
GPS processing packages portray the estimatedeldiiference quantities. When the double diffeesrare estimated as non-
integer real numbers, the solution is said to flea solution When the ambiguities are rounded to integerscandtrained,
the solution is fixed. The most accurate positesults are generally provided by the fixed intesggation.

Dual-Frequency Receiver L1/L2 find on pages 28, 30, 31, 33, 37, 53
A type of receiver that uses both L1 and L2 sigfrals GPS satellites. A dual-frequency receiver campute more precise
position fixes over longer distances and under itiond that are more adverse because it comperfsatesospheric delays.

Duplicate Point Tolerance find on pages 25, 31, 32, 35, 54

Themaximum distance in an RTK system check (See $eBtjdl. D.1.) by which two observations of the sapoint can
differ. It is also the maximum distance in an R3iKvey that two observations of the same pointdiffer and still be
recorded as the same point for least squares dripaskline analysis. The duplicate point tolegafoc these guidelines is 2.5
cm.

Elevation Mask find on page 26

An angle, which is normally set to 15°. If youdkesatellites from above this angle, you usuallgi@interference caused by
buildings, trees, and multipath errors. Manufaatsirecommend that you do not track satellites foefow 13°, and the
general requirements recommended by this documeiatite the elevation mask should not be less1ban

Elevation Scale Factor find on page 41
A number by which a length measured on the grosmaliltiplied to obtain the geodetic length, or censely.

11 UERE isdUserEstimatedRangeError: the standard deviation of the errors in thequoranges of the satellites
at the user's position
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Ellipse find on pages 13, 39, 40, 41, 48, 51, 54, 55, 58, 59
A two-dimensional figure similar to a circle, bubereas a circle has but one radius, an ellipseAtasadii of differing
lengths. The longer of the two elliptical radikisown as the semi-major axis of the ellipse, tiwter as the semi-minor axis.

Ellipsoid find on pages 12, 20, 21, 22, 23, 52, 54, 59, 62, 65

A three-dimensional figure similar to a sphere,whereas a sphere is based upon a circle, anoéligsbased upon an ellipse.
Ellipsoids are used to approximate the size aagesbf the Earth and in turn, form the basis ferlrious geodetic datums.
In this case, semi-major and semi-minor axes’ dsizers are chosen to provide a figure that “best éitparticular region, e.g.
North America, or the entire world.

Ellipsoid Height find on pages 12, 20, 21, 22, 23, 65

Most people understand elevation to mean heighteat@an sea level. However, GPS uses a mathehmatidel, called an
ellipsoid, to represent the Earth. GPS receivengptite their 3D positions with respect to this nhodgonsequently, a GPS
derived “elevation” (i.e., ellipsoid height) is aight above the ellipsoid model surface — not hHeagove sea level. In Clallam
County, Washington, a point’s ellipsoid height vai# about 20 meters (65 feet) less than the mealesal elevation for the
same point. This relationship between ellipsoidtiteand elevation varies worldwide.

Ephemeris

A description of the path of a celestial body irefthy time (from the Latin word, ephemeris, meaiiagy). The navigation
message from each GPS satellite includes a prddiptgemeris for the orbit of that satellite vabd the current hour. The
ephemeris is repeated every 30 seconds and is forti of a set of 16 Keplerian-like parametersiwitrrections that account
for the perturbations to the orbit caused by thth&agravitational field and other forces.

Epoch find on pages 19, 20, 29, 30, 31, 32, 43, 48, 51, 57, 59
A particular instant of time or a date for whichues of data are given, or a given period of timerdy which a series of
events take place.

Epoch Interval find on page 29
The measurement interval used by a GPS receiwercalled a cycle.

Equipotential Reference Surface find on pages 21, 52
A surface with the same potential (usually of gnaer of gravitation) at every point. This is algferred to as a level surface.

Error  find on pages 9, 11, 12, 13, 14, 15, 16, 17, 18, 19, 21, 25, 29, 34, 36, 37, 38, 39, 40, 41, 44, 46, 47, 48,

49, 50, 51, 52, 53, 54, 55, 57, 58, 59, 60, 64

The difference between a “true” value and a measemé Since all measurements contain some eristipipossible to
determine a true value exactly, although it is jpbsso estimate how close the mean of a serieseafsurements is to the true
value.

Error Circle  find on pages 12, 13, 14, 15, 16, 18, 41
A variation on the error ellipse. The radius ofearor circle is assumed equivalent to the sembmeyis of a particular error
ellipse.

Error Ellipse  find on pages 13, 39, 40, 41, 47, 48

A zone of uncertainty, elliptical in shape surroingda survey point. At the center of the ellipgs lihe most likely coordinate
for the point, but statistically speaking, the paiould lie anywhere within the computed errompsié. In the case of GPS
surveys, the dimensions of the ellipses are cordgateombining the uncertainty in GPS vectors atdip errors. Error
ellipse’s dimensions can be minimized by keepingjlmny equipment in good adjustment by performiadundant
observations, and by collecting sufficient datarieure that only high quality GPS vectors are ofetlin the network. See
Confidence Ellipse

Fast Static Method find on pages 11, 18, 19, 27, 30, 58, 64

A method of GPS surveying using occupations ofou@( minutes to collect GPS raw data, then postgssing to achieve
sub-centimeter precisions. Typically, the occupatimes vary based on the number of satellites)8Wiew. 4 SVs take 20
minutes; 5 SVs take 15 minutes; 6 or more SVs &fenutes; all using a 15 second epoch rate.

FBN, Federal Base Network find on page 56

The Federal Base Network (FBN) is a nationwide petvef permanently monumented stations spaced lloféters apart
with higher density in crustal motion areas. TB&Fprovides spatial reference control that has softiee most precise
accuracies available today. The FBN is designguideide the following local accuracies (with a 98@@fidence level): 1
centimeter for latitudes and longitudes, 2 centmsetor ellipsoidal heights, 3 centimeters for ontietric heights, 50 microgals
for gravity, 1 millimeter per year for crustal mati
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FGDC, Federal Geographic Data Committee find on pages 12, 14, 19, 20, 64

The Federal Geographic Data Committee is a 19 meimiseagency committee composed of representafioesthe
Executive Office of the President, Cabinet-level amdependent agencies. The FGDC is developinijlttional Spatial Data
Infrastructure (NSDI) in cooperation with organieat from State, local and tribal governments atedemic community,
and the private sector. The NSDI encompassedgml&tandards, and procedures for organizatioosdperatively produce
and share geographic datattp://www.fgdc.gov/

Fixed Solution find on pages 20, 24

A solution obtained when the baseline processablis to resolve the integer ambiguity search withugh confidence to select
one set of integers over another. It is callesedfsolution because the ambiguities are all fixeoh their estimated float
values to their proper integer values.

Float Solution find on pages 50

A solution obtained when the baseline processonable to resolve the integer ambiguity search @igbugh confidence to
select one set of integers over another. It ieda float solution because the ambiguity inclualésctional part and is non-
integer.

Fully Constrained Adjustment find on page 39
A network adjustment in which all points in thewetk, which are part of a larger control network &eld fixed to their
published coordinate values. Used to merge smaitbrarger control networks and old to newer rezks.

GDOP, Geometric Dilution of Precision find on pages 26, 50
The effects of the combined errors of four varialflatitude, longitude, altitude, and time) on &eeuracy of a three-
dimensional fix.

Geodetic Azimuth or Bearing find on page 45
Geographic direction or pertaining to geodesy.itldé and longitude readings are geodetic coorelinat

Geodetic Datum find on pages 13, 50, 55

A mathematical model or reference frame upon whiatap is based or to which surveyed positionseda¢ed e.g., WGS 84,
NAD 83. Since the Earth is somewhat irregulatiape, different geodetic datums have been devistds@ in use
throughout the world. Positions that are expressede datum must be converted for use in anathterm if spatial
relationships are to be preserved and accuratesepted.

Geoid find on pages 21, 22, 23, 41, 43, 45, 55, 56
The undulating, but smooth, equipotential surfddb@earth’s gravity field, which coincides mokisely with mean sea level.
The geoid is the primary reference surface forlitsig

Geoid Height find on page 21
The distance between the geoid and ellipsoid,lkaisan as geoid height.

Geoid Separation find on pages 41, 45
The distance between the geoid and ellipsoid,lkaisan as geoid height.

GIS, Geographic Information System find on page 14

A computerized database and mapping applicatidreffwvs for the integration, management, analysis display of data
from a multitude of sources in a single prograntS @ata generally have some kind of geographic comeqt that make it
possible to see spatial as well as mathematicaioakhips.

Grid Coordinate find on pages 32, 34
A coordinate on a two-dimensional horizontal regtdar coordinate system, such as a map projection.

Ground Distance find on pages 41, 44, 45
The horizontatlistance measured at the mean elevation betweepainwts.

HARN, High Accuracy Reference Network find on pages 14, 15, 19, 43, 55, 56, 57
The network of monuments in any state that aregidite Federal Base Network. See Federal Baseddet

Horizontal Residual
The difference between an estimated (adjustedydmal value and the observed horizontal valugifgaly, v = p-x where
X is an observation of the estimated valye p

HPGN, High Precision Geodetic Network find on pages 19, 56, 57
The original name of the High Accuracy Referencendek.
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Independent Baselines (Non-Trivial) find on pages 20, 24, 33, 39, 55, 61

For each observing session, there are n-1 indepehdselines where n is the number of receivetsativlg data
simultaneously, with measurements inter-conneetlhgeceivers during a session. Figure 12 islastiiation of all possible
combinations of independent baselines that candasuned during a three-receiver session.

Figure 12 A A A

c C c

Non-trivial baselines are those vectors determired differencing common phase measurements ordg.oenerally,
independent baseline processors assume that shavecorrelation between independent vectors. ialfdaselines may be
included in the adjustment to make up for suchf@idat statistical model. If the mathematicalretation between two or
more simultaneously observed vectors in a sessinaticarried in the variance-covariance matrig ttivial baselines take on
a bracing function simulating the effect of thep@ocorrelation statistics, but at the same tinm@dtucing a false redundancy
in the count of the degrees of freedom. In th&ecthe number of trivial baselines in an adjustrigeto be subtracted from the
number of redundancies before the variance faetignce of unit weight) is calculated. If thigoagach is not followed,
trivial baselines are to be excluded from the netvedtogether.

Independent Occupations find on pages 8, 20, 24

An independent occupation is the set-up of theunsent over the station. These occupations acifigueto help detect
instrument and operator errors. Operator erratsde those caused by antenna centering and fuéfgét blunders. When a
station is occupied during two or more sessionsk4aback, the antenna pole or tripod should betrand plumbed between
sessions to meet the criteria for an independentpation. A two-hour time break between sessi®nefiy important to ensure
constellation change.

Initialization or Initialized  find on pages 28, 30, 32, 33, 34, 35, 57
Entering such data as time, time offset, approxépasition, and antenna height into a received(start with no almanac) to
help the unit find and track satellites.

Integer Number find on pages 46, 49
A whole number, e.g. 1, 2, 3, etc.

International Foot
0.3048 meters exactly.

Invert the Antenna find on pages 33, 35
Turn the GPS antenna away from the sky to loog#lisatracking and force reinitialization. Thisa method of introducing
redundancy into point measurement.

lonosphere find on pages 11, 28, 46
That layer of the atmosphere approximately 30-308smabove the earth’s surface that contains @adiyr charged particles
(ions).

Kinematic find on pages 11, 18, 19, 25, 26, 28, 30, 31, 33, 38, 43, 47, 48, 54, 57, 58, 59, 60, 64
Pertaining to motion or moving objects.

Kinematic Positioning find on page 30
Paositioning a continuously moving platform by usBBS carrier-phase data while operating in a eifféal mode.

Kinematic Surveying find on page 30
A precise differential GPS surveying technique hialr the roving user does not need to stop toagiecision information.
Meter to centimeter-level accuracy is availabl@gsnode, dual-frequency, carrier-phase measuree@mntiques.

L-Band

The segment of the microwave portion of the ragecgum nominally between 1 and 2 GHz.

L1 Carrier Phase Frequency find on pages 28, 33, 47, 48, 50, 56
See L1 frequency band.

L1 Frequency Band find on pages 28, 33, 47, 48
The 1575.42MHz GPS carrier frequency that conthiesoarse acquisition (C/A) code and the encryptedde for the
precise positioning service. Also carries the NAVD¥message used by commercial GPS receivers.
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Land Survey find on pages 8, 9, 11, 18, 29, 30, 33, 42, 45, 55, 56

A survey, which creates, marks, defines, retramegestablishes the location and extent of owfetsbundaries or property
lines. The term "practice of land surveying" wittihe meaning and intent of Chapter 18.43 RCW/| shedn assuming
responsible charge of the surveying of land foretablishment of corners, lines, boundaries, amuments, the laying out
and subdivision of land, the defining and locatifigorners, lines, boundaries and monuments ofédted they have been
established, the survey of land areas for the marpbdetermining the topography thereof, the ntkirtopographical
delineations and the preparing of maps and accteeteds thereof, when the proper performancedf sarvices requires
technical knowledge and skill.

Least Squares Adjustment find on pages 13, 18, 20, 22, 23, 30, 38, 39, 44, 46, 48, 50, 54, 55, 57, 60, 64

A method of distributing the effects of random esrim a system of measurements according to thedéwrobability. Thus,
least squares results in the most likely valudse dimplest form of a least squares adjustmentiata set is the computation
and use of the mean of the set. In a least sqadjestment, the sum of the squared residualsef af data is reduced to the
minimum value possible.

Library Projection  find on page 32
A projection with defined perameters

LIDAR, Light Detection and Ranging find on page 30

Light Detection And Ranging uses the same prin@sl®ADAR. The lidar instrument transmits light twt target. The
transmitted light interacts with and is changedhgytarget. Some of this light is reflected / ssrattl back to the instrument
where it is analyzed. The change in the propeofitise light enables some property of the targdtet determined. The time
for the light to travel out to the target and bézkhe lidar is used to determine the range tdetget.

Local Accuracy find on pages 13, 14, 18, 40, 41, 47, 48, 57

An average measure (e.g. meadian etc.) of the relative accuracy of a point’s camates with respect to other adjacent
points at the 95% confidence level. For horizootairdinate accuracy, the local accuracy is contpusing an average of the
radii of the 95% relative confidence ellipses bemthe point in question and other adjacent poifitss indicates how
accurately a point is positioned with respect teeodirectly connected, adjacent points in thelloetwork. Based upon
computed relative accuracies, local accuracy pesvitactical information for users conducting Istatlveys between control
monuments of known position. Local accuracy isetielent upon the positioning method used to estedlimint. If very
precise instruments and techniques are used,|#t&eeand local accuracies related to the poitithei very good. This
definition is taken from “Geospatial Positioningdracy Standards, Part 1: Standards for Geodetiwdvks”, by the
Federal Geographic Data Committee; see References.

The reported local accuracy for land survey purpestt be computed from the error ellipses genetatea least squares or
other multiple baseline statistical analysis, whecfully constrained to the survey project control

Lock find on pages 28, 33, 35, 46, 47, 50, 57
The state in which a GPS receiver receives angjnimes a satellite’s signals. If the signals aterfupted, the receiver
experiences “loss of lock,” a common cause of inf@ion in a kinematic or RTK survey.

Major Semi-Axis Parameter find on pages 41, 47
The radius of an ellipse in the longer of the twoehsions.

Manufacturer’s Duplicate Point Tolerance find on pages 25, 31, 32, 35, 43
This is the manufacturer’s specification for theoamt of duplicate point tolerance (see duplicatetgolerance).

Manufacturer’s Specifications find on pages 8, 18, 20, 24, 28
Equipment manufacturers provide a set of spedifinatwithin which their equipment will operate ecommendations for use
of the equipment.

Mapping Projection find on page 19

Map projections often map the ellipsoid onto thenpl by using a developable surface as intermediarg.cylindrical map
projection the ellipsoid is first mapped onto arayér; in a conical map projection the ellipsoidiist mapped onto a cone.
Projections directly onto a plane are not desighagesuch, but are classified according to thditmtaf the center of
projection, location of the plane, etc.

Mean find on pages 18, 21, 30, 32, 42, 43, 46, 47, 48, 49, 50, 51, 52, 54, 56, 58, 59, 61, 62
The average of a series of measurements. The ikelgt¥alue for a measurement that consists ofipielobservations.

Measurement Residual find on page 39
An observation minus the mean of the set of obsiena Residuals are used for computing Standasdafion and Standard
Error.

Measurement Uncertainty find on page 11

Arises from errors that naturally occur in a systdmmeasurements, also know as random errors. dRaerdors are the only
class of errors that remain in measurement systiemtdunders and systematic errors have beenrdi@il. Random errors’
magnitudes and algebraic signs cannot be predidthctertainty. Nevertheless, their effects careftémated. Random errors
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in a measurement system do not accumulate as sy&tenrors do; instead, they propagate accordirtiye square root of the
sum of the squares.

Median find on page 54
In a data set, the median is the “middle valuer'a ket of data, there are an equal number of v#hag are greater than and
less than the median.

Meteorological Readings find on page 26
Usually in reference to various weather condititrag relate to GPS satellite signals passing thradlg atmosphere, e.g.
temperature, barometric pressure, and humidity.

Minimally Constrained find on pages 38, 39
A network adjustment in which only enough constisato define the coordinate system are employesitditb measure
internal consistency in observations.

Minor Semi-Axis Parameter find on pages 40, 47
The radius of an ellipse in the shorter of the divoensions.

Multipath  find on pages 11, 25, 28, 34, 35, 50

Interference, similar to ghosting on a televisioreen. Multipath occurs when GPS signals trawdifient paths before
arriving at the antenna. A signal that traversiemger path yields a largpseudorange estimatend increases the error.
Reflections from structures near the antenna casectie incidence of multiple paths to increase.

NAD83, North American Datum of 1983 find on pages 20, 49, 51, 61
Successor to NAD27, NAD83 can be applied worldveidd, since its origin point is coincident with tharth’s center of
mass, is directly compatible with global mappingtegns such as the Global Positioning System.

NADS83 (1991), North American Datum of 1983(1991) find on pages 19, 23, 44
NAD83 network adjustment performed in 1991.

NADS83 (1998), North American Datum of 1983(1998) find on pages 19, 23
NAD83 network adjustment performed in 1998.

NAD83 (CORS), North American Datum of 1983(CORS) find on page 19
NADB83 positions determined at National CORS sitesehttp://www.ngs.noaa.gov/CORS/metadatal/

NADS83 (NSRS), North American Datum of 1983(NSRS)
NAD83 network adjustment covering the entire Unitdtes as part of the National Spatial Referegste (NSRS)
adjustment.

National Geoid Model find on page 22
The National Geodetic Survey publishes geoid mddt covering many different regions, e.g. covetfirggcontinental U.S.
(CONUS).

NAVD 88, North American Vertical Datum of 1988 find on pages 20, 22, 23, 56, 65
The vertical control datum used by the National d&ic Survey for vertical control, adopted in 1988.

Network Accuracy find on pages 13, 14, 15, 19, 40, 48, 55
The absolute accuracy of the coordinates for at ithe 95% confidence level, with respect todiéned reference system.
Network accuracy can be computed for any posit@pimject that is connected to the NSRS.

The network accuracy of a control point is a nuntbat represents the uncertainty in the coordinateke 95% confidence
level, of this control point with respect to thevdetic datum. For the NSRS network accuracy dleaon, the datum is
expressed by the geodetic values at the NGS CAmR8 local and network accuracy values at CORS aitesonsidered to
be infinitesimal and to approach zero.

Network accuracy for land survey reporting purpagdide computed from the error ellipses generateal least squares
adjustment fully constrained to CORS or HARN stadior other GPS control stations which are refene the HARN or
CORS as outlined in Section B: Types of GPS Sunggysurvey Project Control.

Non-Trivial Baseline find on pages 39, 52
See Independent Baseline.

NSRS, National Spatial Reference Systemfind on pages 9, 13, 14, 19, 20, 24, 29, 39, 55, 59

A consistent national coordinate system that siesdétitude, longitude, height, scale, gravityd anientation throughout the

nation, as well as how these values change with tilthe NSRS is defined and managed by the Nat®eatletic Survey

(NGS). NSRS consists of the following components:

. The National CORS, a set of Global Positioning &ysContinuously Operating Reference Stations ngeé&tBS
geodetic standards for installation, operation, @t distribution.
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. A network of permanently marked points including frederal Base Network (FBN), the Cooperative Bietevork
(CBN), and thaJser Densification Network (UDN).

. A set of accurate models describing dynamic geoghiysrocesses affecting spatial measurements.

. High Accuracy Reference Network (HARN) or High Rs@mn Geodetic Network (HPGN) stations establigmeGPS
observations.

. Vertical control marks, which are referenced to N&529 or NAVD 88.

. All other horizontal and vertical marks establistedefine the NSRS.

NSRS provides a highly accurate, precise, and stemsigeographic reference framework throughouttiited States.
Stations or marks established by GPS or high aldssifications should be used with GPS surveyepts)

One Sigma (5) find on pages 13, 39, 55, 57, 60, 61

Plus or minus 1 standard deviation. This value c@sep 68.3% of the observations in a data set. imjpkcation is that if an
additional observation were taken, there is a 6&B&tce that it will fall within 1 standard devatiof the previously
determined mean. It is computed by finding theasguoot of the sum of the squared residuals diMiyethe one less than the
number of observations in the set.

Orthometric Height  find on pages 12, 20, 21, 22, 23, 45, 51, 65
The height of a point above the geoid.

OTF, On-the-Fly find on page 28

GPS data is collected while the receiver is mowing, locating an airplane during flight.

Outlier  find on pages 22, 23, 25, 46

An observation that does not fit with other measaets in a survey network, or with the assumptio®isg made about the
precision of the measuring system. An outliessfalbre than 3-sigma standard deviators beyond &xpkmits for the
observation. See also 3-simga

P-Code find on pages 28, 53, 54

A PRN code transmitted by GPS satellites. The codsists of about 2.353 1014 chips and is sentateaof 10.23 megabits
per second. At this rate, it would take 266 daytsansmit the complete code. Each satellitesgraed a unique one-week
segment of the code that is reset at Saturday/$unitmight. The P-code is currently transmittecboth the L1 and L2
frequencies.

PDOP, Positional Dilution of Precision find on pages 33, 48, 50, 59
A measure of how the visible GPS constellationngetry will affect the quality of GPS vectors. PP@ used to select
periods when the GPS satellites are most favoradgitioned and thus optimal periods for collect3®S data.

Phase Ambiguities find on pages 29, 30, 36
Integer bias term, Cycle ambiguitjhe unknown number of whole wavelengths of thei@asignal contained in an unbroken
set of measurements from a single satellite atglesreceiver.

Photogrammetric Survey
An indirect method for determining positions oftfe@s on the Earth’s surface using aerial photdgramd the methods of
Photogrammetry.

Plane Projection find on pages 32, 36

A plane projection is an orderly system of linesagolane representing a corresponding system afiiragy lines on an
adopted terrestrial datum surface. Coordinatepuaivished in many different coordinate systemagisiany different map
projections, e.g., latitude-longitude, state plame Universal Transverse Mercator. Users musernakain that coordinate
systems and map projections are used consisteralyaPS survey. See also, projection

PLSS, Public Land Survey System find on page 34

The Public Land Survey System (PLSS) is a rectamguirvey system. It is called a rectangular systecause wherever
practicable the units are in rectangular form. fidatangular survey system divides land into tovwpssand ranges. A regular
township is six miles on a side bounded on theNanid South by township lines, and the East and yesinge lines. The
township is divided into thirty-six sections, eamfe mile on a side, comprising about 640 acres;iwivas the basic unit under
the Land Ordinance Act of 1785. No township otisads mathematically perfect for various reasamguding the fact that
the earth's surface is not flat.

Page 56 of 66



Point Standard Deviation find on page 13

The degree of certainty one has in the accuraeypoint’s coordinates. Usually expressed as aghnsinus value in
northing, easting, and elevation units, and ustetliye 1-sigma level. Some software allows usetake points’ standard
deviations into account when performing a leastiseginetwork adjustment if they are to be usegrgject control.

Positional Accuracy find on pages 8, 11, 12, 14, 18, 28

The degree of certainty one has in the accuraeypoint’s position. Usually expressed as a plustous value in units of the
survey, as in, “...this point’s horizontal positigraccurate to +/- 0.05 feet.” A point’s posi@b@accuracy can be related to its
datum (network accuracy), or to the primary corpiahts from which it is derived (local accuracy).

Positional Confidence find on page 11
A statement used to describe the level of confideme has in a point’s positional accuracy, a% irthis point’s horizontal
position is accurate to +/- 0.05 feet at the 95%fidence level.” See also, 1.96-sigma.

Positional Tolerance find on page 14

A method for analyzing the accuracy of survey ppogitions based on the precision of the meas@gougpment and
methodology used to determine the points’ positidRequires the use of the least squares adjustmethbd. An advantage
to this analysis method is that it allows for ingpn of different data types, i.e. GPS and cotigeal, in the same survey
network.

Post Processing find on pages 28, 47, 51
Applies to GPS vectors that are processed aftdigideobservations have been completed. Invalieegnloading data files
from the receivers to a computer equipped with B&line processing software.

PPK, Post Processed Kinematic find on pages 25, 27, 30, 33, 34

Also known as “Stop-and-Go” kinematic. A radial &Burveying technique wherein a base receivet igpsen a point whose
position is known. A roving receiver is then “ialized” on the same or a different known pointeafitialization, the rover
occupies new points for a few epochs, and thisidatcorded. Both the base and roving receiverst neceive signals from
the same set of at least four satellites, moredvemover cannot “loose lock” on the satellites@asurements are to continue
uninterrupted. The technique differs from Real &ikinematic in that the base and rover operateemnigently and are not in
radio contact with one another. Processing okihematic GPS vectors is done in the office afeddfobservations have been
completed (hence, post-processed) and yields selitues from the base receiver to each of the poirtupied by the roving
receiver. The technique is not suited to locathmnging sky obstructions and lacks redundancis Hest suited to low
accuracy mapping applications in open settings.

PPK-c, Post Processed Kinematic continuousfind on page 25
This procedure is much like Post Processed Kineatiit data is gathered continuously, without piglentification. The
data may be used to track an airplane during Prentagetry operations or to map features while dgvin

Precision find on pages 29, 31, 33, 49, 50, 51, 52, 53, 56, 58, 59, 60, 62
The degree of refinement of a measurement or seeaurements.

Primary Control Points  find on page 13
The points to which all other points in a survey gelated. Examples are published NGS horizootatral stations or
benchmarks, HARN or HPGN stations; CORS statior®lwr points whose coordinates are known.

Projection, Mapping find on pages 19, 52, 54, 56, 59, 61

A mathematical model used for translating the pwsitof features on the Earth’s surface, whicluised, to a flat surface,
from which a map can be produced. Examples indloeléwo-standard parallel Lambert conic projectised for the
Washington Coordinate System, and the cylindricgetsal Transverse Mercator projection used ferdfiM coordinate
system.

Proper Correlation Statistics find on pages 39, 52

In a least squares adjustment, values that dedwilievell the observations fit the assumptions namrit the precision of the
tools used to make the observations. For exarmpéa adjustment that “passes the Chi-squaredaeservations (GPS
vectors) in the network fit together or “close” it limits that are consistent with assumptions enaldout centering errors
and the like. There is a danger however: For @kamnreasonably loose centering errors can kibtoseask poor GPS
vectors, yielding what are apparently good cori@festatistics. Trivial vectors, when inadvertgrniticluded in a network
adjustment can have the same effect, since thetatuat software will treat them as independentniddat observations,
which they are not.

Pseudorange Estimate find on page 55
A pseudorange estimate is a range or distancedr@RS satellite to a GPS receiver that containsrugated or uncorrectable
errors.

Public Record find on page 19
Generally considered a document, that is recortiieaffice of the County Auditor. May also bd@ument with open
access, e.g. from the Dept. of Natural Resouragsli®Land Survey Office.
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Radial Data Capture Techniques find on page 25
A GPS surveying technique wherein points’ positiaresdeveloped from single GPS vectors from a §tasen to a roving
receiver.

Random Error find on pages 9, 17, 48, 54, 55, 58

Errors that naturally occur in a system of measergma Random errors are the only class of ernatsremain in
measurement system after blunders and systematis éiave been eliminated. Random errors’ magest@ad algebraic
signs cannot be predicted with certainty. Nevéeti®e their effects can be estimated. Randomsaima measurement system
do not accumulate, as do systematic errors; instkad propagate according to the square rooteotim of the squares.

Raw Measurements find on page 50
Unadjusted measurements.

RCW, Revised Code of Washington find on pages 7, 9, 13, 19, 20, 42, 44, 54, 61, 63

The Revised Code of Washington (RCW) is the cortipiteof all permanent laws now in force. It isalection of Session
Laws (enacted by the Legislature, and signed bystvernor, or enacted via the initiative procezgrnged by topic, with
amendments added and repealed laws removed. sihdbénclude temporary laws such as appropriatts The RCW is
published by the Statute Law Committee and is ffigal version of the code.

Reference Receiver find on page 30
A ground station at a known location used to dediifferential corrections. The reference statieceiver tracks all satellites
in view, computes their pseudoranges, correcte tleeerrors, and then transmits the correctionstrs.

Relative Accuracy find on pages 8, 13, 16, 41, 48, 54, 59, 60, 65, 66
The accuracy with which a user can measure posiiative to that of another user on the same @aivig system at the same
time.

Relative Error Ellipse find on pages 13, 40

The uncertainty in distance and direction betwaengoints, each of which have their own point egltipse. Usually
expressed in terms of bearing-plus-or-minus andmiie-plus-or-minus. Also expressed as a partspkon or relative
precision statement.

Residual find on pages 23, 33, 37, 38, 39, 46, 47, 50, 52, 54, 56, 58
The difference between an estimated (adjustedpvahd the observed value; specifically, v, Mhere x is an observation of
the estimated valueu

Residual Graph find on page 50
A graphic output from a computer program, whichvgheoesidual values. See Residual.

Resource Grade find on pages 18, 28
A type of GPS receiver with specifications limiiedaccuracy to 1-5 meters and suitable for measemenf many objects and
features, but should not be used for property bagnsurveys.

RINEX, Receiver Independent Exchange Format find on pages 42, 58, 65
A generic file format for GPS data. CORS datavalable in this format. RINEX makes it possilideshare data between
different brands of GPS equipment.

RMS, Root Mean Square find on pages 32, 43, 50
An expression that describes the precision of teemwith respect to the data set from which ieisved, also known as the
standard deviation of the set. Small standardadievis imply a data set with low scatter and hehicgy precision.

Rover Receiver find on pages 29, 30, 31, 32, 33, 36

A GPS receiver that moves about (roves) colledsta at many different locations. Raw rover datasually “corrected”
using one of several techniques, such as realdirpest processed differential correction, reakton post processed
kinematic, or the fast static methods.

RTCM  find on page 28

Radio Technical Commission for Maritime Servicgge@al Committee 104 has developed standard mesgagsefor use by
differential GPS transmitting stations. The meesamntent has been defined and hence when the RIGIMtandard (version
2.2 is the latest) is implemented within a useeiresr, it is able to decode and apply the DGPSections to its raw data in
order to generate a DGPS-corrected coordinate.

RTK, Real-Time Kinematic find on pages 19, 24, 25, 27, 28, 31, 32, 33, 34, 35, 50, 59
The DGPS procedure whereby carrier-phase correciimtransmitted in real time from a referenceivec to the user’s
receiver. RTK is often used for the carrier-phaseger ambiguity resolution approach.
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RTK-c, Real Time Kinematic continuous find on page 25

The DGPS procedure whereby carrier-phase correciimtransmitted in real time from a referenceivec to the user’s
receiver and the data is stored continuously @&tengpoch rate. When continuous recording isgodone, no point data is
gathered since this procedure is typically usddsitk continuous movement of something like anlaimp or vehicle. RTK is
often used for the carrier-phase integer ambigesplution approach.

SA, Selective Availability find on page 11

Errors introduced into the GPS signal by the Defiefense to limit the accuracy of GPS receivesslable to civilians.
Selective Availability has since been turned off@asing the accuracy of typically receivers fraouad 100 meters to around
15-25 meters.

Satellite Geometry find on pages 26, 29, 30, 31, 50
The relative positions of available GPS satelktiea given time, from the viewpoint of a GPS angeniihe set of positions
that result in a high (or low) PDOP are often déstt as “poor (or good) satellite geometry.

Satellite Obstruction find on page 30
Any object that lies in the line-of-sight betwele GPS antenna and the satellite.

Scale Factor find on pages 41, 50
A multiplier used on coordinate and other lineanatales, such as for map projections and transfooms

Scale Parameters find on page 23
Multipliers used on coordinate and other lineaiatales, such as for map projections and transfoéomat

Semi-Axis find on pages 40, 41, 48, 54, 55
One-half of an ellipse’s or ellipsoid’s major (laxyor minor (shorter) axis. Analogous to radiuaicircle or sphere.

SINEX, Solution Independent Exchange Format find on pages 43, 65

A solution output format recently developed by gesists to permit the exchange of solution infororabietween
organizations, from which the original normal edorasystems for precise GPS adjustments can bastaoted. These
reconstructed equation systems can be combinedthiéh normal equation systems to create new GBSiba solutions.

Standard Deviation find on pages 13, 39, 43, 46, 47, 54, 56, 57, 58, 61
An expression that describes the precision of teemwith respect to the data set from which ieisvéd. Small Standard
Deviations imply a data set with low scatter anddee high precision.

Standard Error Propagation find on page 60

Deals with the behavior of random errors. The eayof a measuring device can be estimated by etngpits Standard
Error, which is, in effect an estimate of the ramderrors that are likely to come from this sourelwever, random errors in a
survey network do not simply accumulate since taybe positive or negative. Instead, they projge@ecording to the
square root of the sum of the squares.

State Plane Coordinate find on pages 32, 37, 49, 56, 61
The plane-rectangular coordinate systems estatillshéhe United States National Geodetic Surveg,foneach state in the
United States, for use in defining positions ofdgg stations in terms of plane-rectangular (x @ncbordinates.

Static Method find on pages 29, 51, 58
See Static Positioning.

Static Positioning find on pages 29, 30

Location determination when the receiver's antéspaesumed to be stationary on the earth. Icalse of pseudo-range-
based techniques, this allows the use of varioagging techniques to improve the accuracy. Sea#itioning is usually
associated with GPS Surveying techniques, wherewh&PS receivers are static for some observatoiod, which may
range from minutes to hours (and even in the cB&#8 geodesy, several days).

Standard Deviation find on pages 13, 39, 43, 46, 47, 54, 56, 57, 61
An expression that describes the precision of teemwith respect to the data set from which ieisvéd. Small Standard
Deviations imply a data set with low scatter anadee high precision. See one sigma error.

Station Error Ellipse find on page 13
The error ellipse at a GPS measured point. See EHipse.
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Stop & Go Kinematic find on page 28

This is a GPS Surveying "high productivity" techugwhich is used to determine centimeter accusasglines to static
points, using site observation times of the orddr minute. Only carrier phase that has been atevénto unambiguous
"carrier pseudo-range" is used, necessitatingttieeambiguities be resolved BEFORE the surveyssfartd again at any time
the satellite tracking is cut, e.g. due to sigrmtauctions). It is known as the "stop & go" teiue because the coordinates of
the receiver are only of interest when it is staiy (the "stop” part), but the receiver continteefsinction while it is being
moved (the "go" part) from one stationary setufheonext. As the receiver must track the satalgeals at all times, hence
the transport of the receiver from one static pmirgnother must be done carefully.

Survey Measurement Tolerance find on page 33

The maximum acceptable distance between two mahsacedinates of the same point. This value issh6 When
measurements are made within this tolerance infdf $Rirvey, the two observations may be recordegti@same point
number. These redundant measurements can theaolbedd in a least squares or multi-baseline aisalyghis worst-case
condition should only be encountered in the mosgimal field conditions for RTK surveys. Thesemisishould be noted in
the surveyor’s narrative report.

The survey measurement tolerance value of 4.6 deriged from standard error propagation relatigsshit is based on the
following formula; the square root of the sum @& gguares of the survey measurement tolerancer(®.énd the maximum
allowable error of the survey project control (2ghpuld approximately equal the maximum allowablerebudget of the

survey measurements (50m)/.4.62 + 22 =5

Survey Project Control find on pages 18, 19, 20, 24, 25, 27, 29, 30, 31, 33, 54, 55

See Section B, Survey Project Control: Survey ptaentrolis a network of GPS stations tied to the NSRSlocal control
scheme, which is surveyed to control all subseq@&® survey measurements. Project control maybalssed to bracket or
surround a kinematic project with static points.

Survey Quality Statement find on page 13

WAC 332-130-070 states that the accuracy or pretisi field work may be determined and reporteeityer relative
accuracy procedures or field traverse standardsidad the final result shall meet or exceed taadsdrds contained in WAC
332-130-090. See also Section D, Narrative Report.

SV, Satellite Vehicle find on pages 28, 51
Each satellite in the GPS fleet has a number detsign SV#, by which it is referred in status anddition reports. Data
logging or viewing is also in reference to the feSV#.

Systematic Error find on pages 9, 48, 55, 58
Errors that can be computed and subsequently altedrfrom a system of measurements. Example: Ereochained
distance caused by thermal expansion of the steel t

Terrestrial Survey find on pages 12, 41
A survey on or of land.

Tidal Datum find on page 20

For marine applications, a base elevation usedefei@nce from which to reckon heights or depths.called a tidal datum
when defined in terms of a certain phase of the fiial datums are local datums and should nektended into areas, which
have differing hydrographic characteristics withsulpstantiating measurements. In order that thgytreaecovered when
needed, such datums are referenced to fixed paintsn as benchmarks.

Tide Station find on page 20

A device that measures tide height using a recoodsznd an audio signal down a half-inch-wide dmgtube and measure
the time it takes the reflected signal to travelkisaom the water's surface. The sounding tulbedisnted inside a 6-inch
diameter protective well, which is similar to tHd stilling well. In addition to measuring tidatights more accurately, the
system also records 11 different oceanographicraidorological parameters. These include winddsped direction, water
current speed and direction, air and water temperaand barometric pressure. Each tide statisma Yadigit reference
number and can be found at the National Oceaniéandspheric Administration’s site
http:/tidesonline.nos.noaa.gov/monitor.html

Topographic Map Accuracy Standards find on page 25

The vertical accuracy standard requires that gneaéibn of 90 percent of all points tested mustdreect within half of the
contour interval. On a map with a contour intefal 0 feet, the map must correctly show 90 perckatl points tested
within 5 feet (1.5 meters) of the actual elevation.
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Trivial Baseline find on pages 39, 52

Trivial Baselines are those baselines formed whererthan two GPS receivers are used simultaneousig field to perform
static GPS surveys. For example, when 3 receatgrsints A, B, C are deployed only 2 baselinesratependent (either A-B
& A-C, AB & B-C, or AC & C-B), with the other oneding trivial. This trivial baseline may be procesdeut because the data
used for this baseline has already been used tegsthe independent baselines, the baselinesrebolild not be used for
Network Adjustment or for quality control purposesess the statistics (and variance-covarianceixpatie appropriately
down weighted.

Tropospheric Error
Tropospheric Delay. Retardation of GPS signalsexby elements in the troposphere such as tempeyraiupressure, and
water vapor.

Two Sigma (&) find on pages 21, 46

Plus or minus 2 Standard Deviations. This valuemses 95.5% of the observations in a data see implication is that if
an additional observation were taken, there is.&%®<xhance that it will fall within 2 Standard Dations of the previously
determined mean. See also one sigma error

Two Standard Deviation Confidence Region find on page 39
See Two Sigma.

UDN, User Densification Network find on page 56

Comprises surveys that benefit the public and peospatial reference for local infrastructure mtgeUDN surveys must be
connected by observations to Federal Base Netwd@looperative Base Network control points, in adeoce with Federal
Geodetic Control Subcommittee standards and spetiifns. When requested, NGS provides qualityrasse, archiving,
and distribution for UDN survey data.

U.S. Survey Foot

The United States uses a different foot for onictWhen the United States adopted the inteameti yard in 1959, the U.S.
Coast and Geodetic Survey, mappers of the natijected that converting all their geodetic dataternational feet would be
a horrendous undertaking. They were authorizedntirue to use the previous definition of the falot of the Mendenhall
order (U.S. Coast and Geodetic Survey Bulletin/g8il 5, 1893), one foot 2*°%s45; meter. This foot is now known as the
U.S. Survey foot = 1.000002 international feet, snased only for land measurements.

UTM, Universal Transverse Mercator find on pages 32, 57

A worldwide mapping system that uses rectangulardinates to describe point’s spatial relationshipsere are 60 different
UTM zones, each having unique defining paramet8milar to state plane coordinate systems, buiajlm application.
UTM mapping zones are based on cylindrical mapegtimns whose axes are perpendicular to the Eaxtiissof rotation.

Variance-Covariance Matrix find on pages 39, 43, 48, 52
The set of numbers expressing the variances aratiaoges in a group of observations.

Vector find on pages 20, 21, 22, 24, 28, 36, 37, 38, 39, 47, 51, 53, 56, 57

Aline that has a direction and a magnitude. GBSeying is all about measuring vectors and combitiiem into closed
figures or networks. GPS surveying instrumentuaesl to measure vectors, and the vectors argaisethpute points’
coordinates.

Vector Baseline find on pages 20, 21

A three-dimensional line between two points. Tbsiton of a point relative to another point. IR&surveying, this is the
position of one receiver relative to another. Witendata from these two receivers is combinedigbelt is a baseline
comprising a three-dimensional vector betweenwioestations.

WAAS, Wide Area Augmentation System find on pages 28

A satellite navigation system designed by the Fdderiation Administration (FAA) and created foriation applications to
boost the accuracy of G.P.S. satellite navigati®ach Wide Area Reference Station (WRS) providesction data to a Wide
Area Master Station (WMS), which computes a gridafection data to be uplinked to a geostatiosatgllite (GEO). The
geostationary satellite transmits the correctidla ¢and also navigation data) to the user. Impreres in accuracy are
approximated to be within 7 meters. WAAS signaéseasily blocked in North America by terrain obstions. Users may
experience temporary loss of WAAS support, espgdiawooded areas. Currently, WAAS is not fullgplemented.

WAC, Washington Administrative Code find on pages 9, 13, 15, 44, 60, 63
Regulations of executive branch agencies are idsyiadthority of statutes. Like legislation and @onstitution, regulations
are a source of primary law in Washington Statkee WAC codifies the regulations and arranges thgsubject or agency.

Washington Coordinate System find on pages 44, 45, 57, 63
Refer to Chapter 58.20 RCW. The system of planedioates under this chapter based on the Northridaredatum of 1983
as determined by the National Geodetic Surveyefils. Dept. of Commerce.
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Weighted Mean Average find on pages 18, 30

A method for computing the mean (or average) residtdata set that accounts for each observatwatssion. Observations
that are more precise are assigned more weigheiodmputation, thus they have more influenceerré¢isult than do
observations that are less precise.

WGS 84, World Geodetic System 1984find on pages 36, 38, 47, 49, 51

A mathematical model (or reference ellipsoid) & Barth whose dimensions were chosen to providhest fit” with the Earth
as a whole. WGS 84 and the closely related Nontierican Datum of 1983 (NAD 83) are both Earth-cetteand can be
applied worldwide and are compatible with globapgiag systems such as the Global Positioning System

A set of parameters, established by the U.S. Defistagoping Agency, for determining geometric andsital geodetic
relationships on a global scale. The system irmdwdgeocentric reference ellipsoid, a coordingtes, and a gravity field
model. The ellipsoid is essentially that of theetnaitional Union of Geodesy and Geophysics GeoBetierence System 1980.
The coordinate system is a realization of the entinal terrestrial system, as established byniteenational Earth Rotation
Service. The descriptions of the GPS satellit@®il the navigation message are referenced to \B45S
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Appendix B

WASHINGTON STATE LEGAL REFERENCES

Chapter 18.43 RCW —Engineers and Land Surveyors

18.43.020
18.43.040

Definitions
Registration Requirements

Chapter 58.20 RCW —Washington Coordinate System

58.20.110 Definitions

58.20.120 System designation — permitted uses.
58.20.130 Plane coordinates adopted — Zones.
58.20.140 Designation of system — Zones.
58.20.150 Designation of coordinates — “N” and “E”.
58.20.160 Tract in both zones — Description.
58.20.170 Zones — Technical definitions.

58.20.180 Recording coordinates — Control Stations.
58.20.190 Conversion of coordinates — Metric
58.20.200 Term — Limited use.

58.20.210 United States survey prevails — Conflict.
58.20.220 Real estate transactions — Exemption.
58.20.901 Severability — 1989 ¢ 54.

Chapter 332-130 WAC —Minimum Standards for Land Bourdary Surveys and
Geodetic Control Surveys and Guidelines for the Pigaration of Land Descriptions

WAC 332-130-020 Definitions.
WAC 332-130-060 Geodetic control survey stanslard

For entire language for each law, visitp://slc.leqg.wa.gov/
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