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GPS and Related Topics




Charlie Brown, PE, PLS

State Location &
Surveys Engineer
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Bull Dozer

g

Cruise Missile

What Do These Have In Common?
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With GPS
Blow Up Your

ConstructiorrSite

Launch the Missile
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Or Guide Your
Motor Grader
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Terms

GNSS - Global Navigation Satellite System
Generic Term

GPS — United States
Glonass — Russia
Galileo — Europe
Compass — China
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DATUM

A set of constants
specifying the coordinate
3¢ system used for geodetic

‘ i' ) control, i.e., for calculating
| / coordinates of points on
the Earth. Specific
geodetic datums are
usually given distinctive
names.
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Horizontal Datums

North American Datum of 1983 (NAD 83)
High Accuracy Reference Network (HARN)
( 2000, 2003, 2007 Adjustments)
North Carolina State Plane Coordinate System
Localized, either based on NCSPCS or Assumed
(allows for accurate ground distances)

Vertical Datums

NGVD 27
NAVD 88
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Horizontal Datums

Shifts
NAD 27 — NAD 83 - 30’ in NC
NAD 83 — HARN 2000 Adjustment ~3’
HARN 2003 Adjustment — 0.25’
HARN 2007 — 0.01’- 0.03’

Vertical Datums

NGVD 27 - NAVD 88 ~1'In NC
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Why Use Datums?

Planning & Design
Access to data from other sources:
GIS — Wetlands, County Property, Utilities
Tie Projects Together

Construction
Build Adjacent Projects
Utilize Design Data

Maintenance
Asset Management
GIS Expansion
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| For acivil engmeer, theres no such thing
asa"llttle mlstake e

B Different Datums-
%& Adjacent Projects
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NC Network RTK
(VRS)

Virtual Reference System (Trimble)

RTK Network Using Single or Multiple
Base Stations

More Accurate Correction Factor over
Larger Area

Transmits One Correction Factor to
Multiple Rovers

Utilizes Cell Phone Technology

Stronger transmission signal for
greater distance
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NC Network RTK

CORS in RTHK Netwark [ RTK Metwork
}ORS
@ Installation in Progress; n, NETRS

15 30 BD
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Pre-Construction
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Simplified Project Control

Pre-Construction
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R/W - Construction
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Simplified Project Control ?

&D)))) NC Network RTK
- &D))))

)




-l .:?3---?‘-;3 Construction Engineers’ Conference 2008 - =

Simplified Project Control

>>>>>>>>> Localization Calibration
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JU——— PROJECT CONTROL SHEET o
1 R RIZONTAL NETWORK

-L-STA_10+00.000 BEGIN STATE PR 81403301
LOCALIZED COORDIGATES

N = HINLO0KO
E = [IILoooo

T4 _35+40.000 END STATE P, 81403300
LOCALIZED PROJECT TES

N = I,

E = JINo000

) NCDOT GPS STATION REcs4
DATUM DESCRIPT ION / ’ PR G
THE LICALIZED COMDINATE SYSTEW DEVELOFED FOR THIS PROECT \ e
IS BASED O THE STATE PLANE CODRDINATES ESTABLISHED & L\
NCDOT FOR WONUMENT “MCOOT GPS -1
WITH WA 1983/95 STATE PUSE GRID COORDINATES OF / weo0r opa sTamoy mases
PROVECT COORDINATES
WORTHUNG: 111101100000t} EAST [NG: 1117711 1.0000071) W,
THE WERAGE COVBINED GRID FACTOR USED O THIS PROECT Q) omas o R A o ey L BR: FO PORSORELL, EROTRGT DORTROL
(GACUND) T GRIDY 1S: 100000000 :
THE NC.LAWBERT GRID BEARING D PROJECT CONTROL ESTABLISHED UTILIEING GLOBAL POSITIONING SYSTEM.
WCALIZED HIRIZONTAL GROND DISTANCE. FROM NETWORK ESTABLISHED FROM EXISTING HARN MONUMENTATION.
WO 675 17 TO 1-%:« Fapplad ly reodeq) IS 555 GPS CALIBRATION SHEST FOR HORIZONTAL AND VERTICAL COORDINATE VALUES

AL LINEAR DIVENSIONS ARE LOCALIZED MORIZONTAL DISTAMCES
VERT JCAL DATUW USED 1S WAD 83
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#1 HARN Monuments

: , )\ NCGS HARN MONUMENT TEST-2
NCGS HARN MONUMENT TEST-I 7Y i

; Cresk | _
W
snius”~— BEGIN PROJECT

3'\. HOLLY SPRINGS SR1S2 iRy e A
ZeINITY MAP GPS CONTROL NETWORK
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"#2 Datum Description / Localization

DATUM DESCRIPT ION

THE LOCALIZED COORDINATE SYSTEM DEVELOPED FOR THIS PROJECT
IS BASED ON THE STATE PLANE COORDINATES ESTABLISHED BY
NCDOT FOR MONUMENT “NCDOT GPS -1”

WITH NAD 1983/95 STATE PLANE GRID COORDINATES OF
NORTHING: 1111111.0000ft) EASTING: 111111110000(ft)
THE AVERAGE COMBINED GRID FACTOR USED ON THIS PROJECT
(GROUND TO GRID) IS: 1.00000000
THE NC.LAMBERT GRID BEARING AND
LOCALIZED HORIZONTAL GROUND DISTANCE FROM
“NCOOT GPS -1” TO -L- STAT ION (supplied by roadway) IS

50000 -
ALL LINEAR DIMENSIONS ARE LOCALIZED HORIZONTAL DISTANCES
VERT ICAL DATUM USED IS NAVD 88
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#3 Project Control Points

APEX
NCDOT GPS STATION R2905-8
LOCALIZED FPROJECT COORDINAT:
FoCDOT GPS STATION -
cooxm:mtm

—IL—~S7TA 35+40.000 END STATE PROJECTI 8.1403301
LOCALIZED PROJECT COO. INATES
N = 111111.0000
E = 111111.0000

L 2Dy 1 2 e e —
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PROJECT + R-2707 B
USER NAME EKINCAID DATE & TIME 2144103 PH 8/29/01 :
COORDINATE SYSTEM SITE Z0ME NORTH CAROL 1N

meﬁ. DRTUH HAD 1983 (CONUS)
veRt GEDID MODEL GEOIDT9 (CONUS)

THE NORTH CAROL INA DEPARTHENT OF TRANSPORTATION U
EmanTE SYSTEM WHICH IS VERY SIHILN’! T0 MI‘H

FROM WHICH 1T 1S DERIVED. Pl.EﬁSE E_CARE [N U

T0 EL[HIM’IE CONFUSION OF T Sl‘ TEMS, !HIS

OF REAL TIME KINEMATIC (RTK) CP& DURING CONS RU:”W LAYOUT.

GPS
Calibration
= Information

DATUM TRANSFORMATION PARAMETERS
DATUM TRANSFORMATION COMPUTATION NOT REQUESTED

UPDATED DEFAAT PROJECTION ( TRANSVERSE MERCATOR) DEFINITION
UPDATED DEFAULT PROJECTION NOT REQUESTED

HORTZONTAL ADJUSTMENT PARAMETERS

%nﬂiuu I:I'.!E m'l’E OF

ASTING COORDINATE OF

VERTICAL HDJJSHEN'I PARAMETERS
NORTHING COORDINATE OF ORIGIN
POINT 603879.0195FT
EASTING COORDIMATE OF ORIGIN
POIN 1294284.971SFT
\‘ERT]C:Ih%E“PNthTIm AT ORIGIN 0. 1155FT

‘)‘PPH
EAST -9.579PPH

"DEFINITION
GEDIDTS (CONUS)

RESIDUAL DIFFERENCES BETWEEN GPS AND KNOWN COORDINATES
SUMMARY

il Hax [MUM ERROR
VERTICAL «B255F T

HOR1Z

2
THREE - DIMENS ] ONAL 2.R31SFT 2.004

WGSB84 COORDINATES

POIN PINEY - WGS84
LATITUDE 35°20°45,.96742°N

e MR

POINT w208 - WGSe4
LATITUDE 35" 1@°@5. 36269°N
LONG | TUDE BI'ZTBE 88727 v
HEIGHT 776, 693SFT

POINT RESIDUALS

CALCULATED POINT
FOR DISPLAY ONLY

uunmlw 603879.0195FT
snm 1294884. 97 ISFT

HORTHING 592418.9 SSFI'
EASTING 1173927. 1 gr

VAT lm 4
RORY LARGR
VERT ERROR
30 ERROR 2. BI‘!SF T
HORTHING 525165. 69@SFT
EASTING 1267720, 2435FT
ELEVATION
HORZ ERROR
8.821SFT
8.8275FT

ROOT MEAN SOUARE ERROR POINT
9.0a2

- G584
LATT-2 - wGS84
BaNK - WGS84

CONTROL COORDINATES

POINT BAM( = L

HORTHING
EAST ING 12‘14524
ELEVATION

UTILIZED HORZI aND \fERT
OUALITY SURVEY OUALITY

POINT PINEY - LOCAL
NORTHING 5924 18.90@SF

STING 1173927, 144

EVAT[ON ll;ﬂ.&%&;'l
UTILIZED HOR1ZONTAL
OUALITY SURVEY OUALITY
POINT w290 - LOCAL

NORTHING 525165.786SFT
EASTING 1267720.2395FT
E! TION 880, 2225FT

LEVA
UTILIZED HORZ AND VERT
OUALITY SURVEY OUALITY

POINT - LOCAL
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GPS CALIBRATION REPORT
PROJECT & R-2707
USER NAME EKINCAID DaTE & TIME 2144123 PM 8/29/01

COORDINATE SYSTEM SITE ZONE SR L Horlzontal &

HORIZONTAL DATUM  NaD 1983 (CONUS)

VERTICAL DATUM NavD 88 GEOID MODEL GEQID99 (CONUS) =
COORDlNﬂTE UNITS US SURVEY FEET I
DISTANCE UNITS US SURVEY FEET Ve rt|Ca Data,
HE IGHT UNITS US SURVEY FEET . f M
THE NORTH CAROL INA DEPARTHMENT OF TRANSPORTATION uses A LOCALIZED
COORDIN!\TE SYSTEM WHICH IS VERY SIMILAR TO NORTH CAROLINA DhE 3200
ROM WHICH IT IS DER]VED. PLEASE TAKE CARE IN UTILIZING THESE COORDINATES
T0 ELIHIMTE CONFUSION OF THE TwO SYSTEMS. THIS FILE [S TD AID IN THE USE
OF REAL TIME KINEMATIC (RTK) GPS DURING CONSTRUCTION LAY

.................................................................

DATUM TRANSFORMATION PARAMETERS
DATUM TRANSFORHATION COMPUTATION NOT REQUESTED

Warning -

|_ocalized
UPDATED DEFAULT PROJECTION ( TRANSVERSE MERCATOR) DEFINITION

UPDATED DEFAULT PROJECTION NOT REQUESTED COO rd i nates

.................................................................

HORIZONTAL ADJUSTMENT PARAME TERS
NORTHING COORDINATE OF

ROTATION CENTER 571110.976SFT
EASTING COORDINATE OF

ROTATION CENTER 1245634, 507SF T

ROTATION ABOUT THE CENTER

TRANSLAT ION NORTH 0. 0258eT .

TRANSLATION EAST 2.0635F T |
[RACATION 6 Horizontal &
VERTICAL ADJUSTHENT PARAMETERS Vertl Cal

NORTHING COORDINATE OF ORIGIN -

POINT 603879,0195FT d D t
EASTING COORDINATE OF ORIGIN A J m dla
POINT 1294094.971SFT ustment

VERTICAL SEPARATION AT ORIGIN 0. 1155FT

SLOPE NORTH 4. 799%FH

SLOPE EAST -8.579PPH

.................................................................

GEOID MODEL DEFINITION
GEOIDSI (CONUS)
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OORDINA ATE( P() ONTROL COORDINE Error

- B/ g . 583879, 019 B 5
- AT TC (A
A . 45 a (A - O 20 440
- - - A H —a
ONGI TUDE & , P10 ATIO %61.8 § J ant ' a5
3 " OR NROR o 0 [ J v DL
- RROR " NV U i3 AL H
i) RROR a a3 () 1o r [} 8
P( p : OR 92418.916 al P LA
~ 5 Q
A 0’45, 96 3 i 8.0
o
31° 46" 14, 08° : 020, 46 ;
a 0

R ERR 7 UILIZGD RIS Point Number

CaTHTuoE 3513 0s. akoarn Eag S ST MOATHIND. 825165706 Lat/Long/Elev
T mheme wremn el phalln | sz «Calculated
L. e TG, A e Gl < U Coordinates

ol 5oy gy fowion TR ESTi ST SR -Control

o 0. 013 o ok Coordinates

Text File:
Path and File Name g Http:/"’W"D




PROJECT CONTROL SHEET PROJECT R-2552AB
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DATUM DESCRIPTION

THE LOCALIZED COORDINATE SYSTEM DEVELOPED FOR THIS PROJECT
IS5 BASED ON THE STATE PLANE COORDINATES ESTABLISHED BY
NCGS FOR MONUMENT "LAKE DAM™
WITH NAD 85 STATE PLANE GRID COORDINATES OF = = =
TR s S4T SAr Datum Description - Again
THE AVERAGE COMBINED GRID FACTOR USED ON THIS PROJECT
(GROUND TO GRID) [5 0.999%895575
THE N.C. LAMBERT GRID BEARING

st o s o Baseline Data

ALL LINEAR DIMENSIONS ARE LOCALIZED HORIZONTAL DISTANCES
VERTICAL DATUM USED IS NGVD v

Point Number
North/East/Elevation
BL Station Value
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GPS In Construction

5800 Receivers — GPS only
R8-GNSS - GPS, Glonass, Upgradable
5800 in every RE office with R8 in every Division
New batteries, new software, new data collectors
All VRS Capable -
With Cell Phones and Data Stream

Total Station in every RE office with new data collector
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What used to take a
4-person crew

might now take 2
persons
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GPS
In Construction

Construction Stakeout and
Tying Photo Controls

- Or Setting Calibration
Points for GPS-Guided
Graders






have to whitldifasur

I_'_



- "“’ . _ .
=~ = Construction Enginee!
%__é yu H{E‘

GPS
In Construction

Horiz Accuracy ~ 0.03’
Vertical Accuracy ~ 0.07’

Note:
Due to Reduced Vertical
Accuracy of GPS - Use
Total Stations or Levels
for Critical Elevations
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Questions or Comments
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