
GLOBAL POSITIONING SYSTEM (GPS)

- A SOURCE  AND CONTROLLER OF SPATIAL DATA



CONCEPT OF GPS/GIS MAPPING

• WHOLE TO PART

• CHECK & BALANCE

• CONSISTENCY

• ECONOMY 

• ACCURACY



· WGS 84 (TOP DOWN:WHOLE TO 
PART)

· NAD 83

· STATE PLANE COORDINATES

· DATABASE CREATION 

(BOTTOM UP: PART TO  WHOLE)



WHOLE TO PART: PART TO WHOLE

WGS-84 DATUM NAD 83 DATUM

GA - STATE PLANE 
COORDINATES: TWO ZONES

HENRY COUNTY, GA (WEST ZONE): 
DATABASE CREATION



MAP PROJECTION-STATE PLANE COORDINATES

GEORGIA EAST ZONE (l ): 82° 10’W
GEORGIA WEST ZONE (:l ): 84° 10’W
ORIGION OF LATITUDE (F ): 30.0•
EAST ZONE: X=200,000 M, Y=0 M
WEST ZONE: X=700,000 M, Y=0 M

TRANSVERSE MERCATOR PROJECTION: STATE PLANE 
COORDINATE SYSTEM FOR GEORGIA 



CONCEPT OF TM PROJECTION



CHECK & BALANCE

OVERLAYING TECHNIQUES



CONSISTENCY

CONSISTENCY IN GPS/GIS MAPPING CAN BE ACHIEVED 
BY:

· USING STANDARDIZED (BLUE BOOKED) NGS 
CONTROL POINTS

· PROPER CALIBRATION OF INSTRUMENTS USED

· FOLLOWIING PROPER PROCEDURES IN ALL THE STEP 
OF MAPPING:

· ESTABLISHEMENT OF GROUND CONTROL POINTS, 
ACQUISITION OF AP, SCANNING, AT, DATA 
COMPILATION AND EXTRACTION, DATABASE DESIGN, 
DATA FORMATS, ETC. 



CONSISTENCY



ECONOMY

COST IS A FUNCTION OF THE FOLLOWING 
FACTORS:

· TECHNOLOGY & METHODOLOGY USED 
(e.g., GPS  VS CONVENTIONAL SURVEY)

· GEOGRAPHIC LOCATION

· ACCURCAY REQUIRED

· TIME OF THE YEAR

· MANPOWER USED



ACCURACY

ACCURACY OF GPS/GIS PRODUCT IS THE 
FUNCTION OF FOLLOWING FACTORS:

· TECHNOLOGY & METHODOLOGY USED

· GROUND CONTROL POINTS USED

· SYSTEMATIC AND APPROPRIATE TECHNIQUES 
APPLIED TO ALL THE STEPS OF MAPPING 



GROUND CONTROL POINTS

THE FOLLOWING TECHNIQUES CAN BE USED TO 
OBTAIN THE GROUND CONTROL POINTS:

· VERY LONG BASELINE INTERFEROMETRY (VLBI)

· INTERTIAL SURVEYS

· CONVENTIONAL SURVEYS

· GPS SURVEY

· AERIAL TRIANGULATION AT (THIS TOPIC WILL BE 
COVERED IN THE PHOTOGRAMMETRY 
PRESENTATION)



GPS SURVEY

· GPS CONSTELLATION

· HARDWARE & SOFTWARE

· GPS TECHNIQUES

· ACCURACY STANDARDS



GPS CONSTELLATION

· US - NAVSTAR  GPS

· RUSSIAN GLONASS

· WGS -84 (DATUM); RADIO WAVE TRANSMISSION IN TWO WAVE 
LENGTHS (l 1=19.0294 cm, l 2 =24.4210 cm)



HARDWARE & SOFTWARE

HARDWARE

·SPACE SEGMENT: SPACE CRAFT, 
PRECISION CLOCKS

·GROUND SEGMENT: RECEIVERS, 
ANTENNAS

SOFTWARE

·RADIO SIGNAL RECEIVING & PROCESSING

·DATA ADJUSTMENT

·BLUE BOOKING

·DATABASE CREATION



GPS TECHNIQUES

BASIC CONCEPTS:

· POINT POSITIONING (ABSOLUTE POINT 
LOCATION)

· STATIC GPS SURVEY (PHASE 
MEASUREMENT)

· DIFFERENTIAL GPS SURVEY(ABSOLUTE+  
DIFFERENCE)

· REAL TIME KINEMATIC (RTK) 

·AIRBORNE GPS

·GPS HEIGHTS



BASIC CONCEPTS: POINT POSITIONING

X

Y

Z

t

X

Y

Z

tX

Y

Z

t

X

Y

Z

t

A

r 1
r 2

r 3

r 4
UNKNOWNS OF 
POINT A:

(X, Y,  H,  &  t )

FOUR EQUATIONS TO 
SOLVE FOUR 
UNKNOWNS

>METER ACCURACY



BASIC CONCEPTS: STATIC GPS
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BASIC CONCEPTS: RTK GPS

· UNKNOWNS 
OF RECEIVER B:
(X, Y, Z, t)
· FOUR  EQUATIONS 
TO SOLVE FOUR 
UNKNOWNS
· WALKING WITH 
COORDINATES >NO 
ACCURACY CHECK 
ONLY CONSISTENCY 
CHECK 
~ 5 cm  Achievable
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GPS HEIGHTS

GPS COMPUTED HEIGHTS ARE FROM THE ELLIPSOID 
(MATHEMATICAL SURFACE) THUS THEY NEED TO BE CONVERTED 
TO GEOIDAL (MEAN SEA LEVEL) HEIGHTS

A



BASIC CONCEPTS: AIRBORNE GPS

GPS GROUND 
RECEIVER



BASIC CONCEPTS: AIRBORNE GPS
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Order Base Error
(mm)

Parts per
Ratio

Million
(ppm)
(1:a)

Maximum
allowable
error for
200 km

(125
miles)

base line

Remarks

First
(or  C )

10 10
1:100,000

201.0 cm Maximum
accuracy
Obtainable by
the
Conventional
Techniques

B 8 1
1:1,000,000

20.8 cm

A 5 0.1
1:10,000,000

2.5 cm

AA 3 0.01
1:100,000,000

0.5 cm
5 mm

FGCC: Federal Geodetic Control Committee

GEOMETRIC RELATIVE POSITIONING 
ACCURACY STANDARDS BY FGCC



BRYAN COUNTY EXAMPLE

BRYAN COUNTY IS DIVIDED IN THREE DIFFERENT AREAS: 

· PEMBROKE AREA

· RICHMOND HILL AREA

· THE FORT STEWART AREA

(AREA OF THE COUNTY 454 SQ MILES EXCLUDING THE FORT AREA)



GPS CONTROL FIELD PLANNING (PEMBROKE AREA)

GPS NETWORK FOR BRYAN COUNTY (PEM BROKE AREA)
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5 NGS CONTROL POINTS USED TO ESTABLISH 25 NEW ORDER B 
CONTROL POINTS 



BRYAN COUNTYAIRBORNE GPS (PEMBROKE AREA)



Blich: NGS Monument

ACCURACY CHECK





CONCLUDING REMARKS: IDEAL GPS NETWORK FOR GEORGIA

> 9,000 NGS Horizontal

>9,000 Vertical NGS Monuments

Each county has 50-90 First, 
Second, and Third Order 
Monuments in the NGS Database

Many of them cannot be used for 
Photogrammetric Mapping/GIS

~150 Georgia HARN Established 
in 1995 Using GPS 

~ Ideal 159 x 4= 636



CONCLUDING REMARKS: IDEAL GPS NETWORK FOR COUNTIES

MINIMUM GROUND CONTROL POINTS 
REQUIRED WITH AIRBORNE GPS:

EIGHT AROUND THE PERIMETER OF THE 
PROJECT AREA (COUNTY) AND EIGHT 
HOMOGENOUSLY DISTRIBUTED INSIDE THE 
PROJECT AREA

TOTAL = 16

SOME MORE CONTROL POINTS ARE IDEAL FOR 
QC PURPOSES, e.g., 9 EXTRA

THUS TOTAL GROUND CONTROL POINTS 
NEEDED FOR ANY COUNTY ~ 16 - 25 

IF THESE CONTROL POINTS ARE BLUE BOOKED 
AND MONUMENTED PROPERLY,  COUNTIES 
CAN HAVE A CONSISTENT DATABASE 

THIS SCHEMA CAN SERVE ALL MAPPING NEEDS 
FOR THE ENTIRE STATE OF GEORGIA


