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ABSTRACT

The Global Positioning System (GPS) has changed the concept of surveying
operations from on ground to sky measurements. GPS is designed primarily as a
navigation system to satisfy both military and civilian needs for real - time
positioning. The differential GPS (DGPS) technique has improved the positioning
accuracy. It enables the using of GPS in various applications replacing the time
consuming and costly traditional surveying techniques. The differential concept of
GPS has been used with at least two receivers to satisfy the required accuracy and to
overcome the selective availability (S.A.). After (S.A.) had been turned off, the
differential GPS techniques have been improved and became available for the users
through Omnistar Network Control Centers (NCC) and Beacons differential
corrections. With the implementation of the Wide Area Augmentation System
WAAS and the European Geostationary Navigation Overlay Service EGNOS
corrections in the recent GPS receivers, it could be used in different engineering

applications with no fees and based on the accuracy claimed by the manufactures.

In Egypt, the European Geostationary Navigation Overlay Service EGNOS
corrections have covered most of the country. The Differential GPS (DGPS)
accuracy based on these corrections may reach less than 3m as claimed by
manufactures. Such accuracy may be satisfied by using even handheld GPS
receivers. In this research, an overview for GPS system is introduced with emphasis
on DGPS systems. Handheld GPS receivers supported with EGNOS corrections are
presented and used in the experimental work. The coverage of EGNOS correction is
presented. The claim of the manufacturers of the recent receivers supported with
EGNOS of satisfying the accuracy of better than 3m was tested using the handheld
GPS receivers. The accuracy was checked with respect to fixed control points and
during kinematic process. Also, the way of obtaining and recording the data from
handheld GPS (Magellan map330) is discussed and the National Marine Electronics

Association NMEA format is presented and how it can be handled from receivers.
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The interface of handheld GPS receivers with computer and download of data during
and after survey, i.e. download of tracks and waypoints are covered. The use of
handheld GPS receivers in navigation along predefined tracks is illustrated. The
optimum use of handheld GPS receivers in positioning is studied compared to the
points done with tota! stations. The capability of handheld GPS receivers in
performing bathymetric survey during navigations along perspective tracks and
during the survey of bed points is studied. The accuracy is given compared with the

survey with total station.

The results of testing handheld GPS receivers supported with EGNOS
corrections, prove that the accuracy of such equipment is 3m. It is recommend for
using Handheld GPS with EGNOS correction in static positioning by turning on the
receiver from the start of survey up to end (avoid to switch on and off GPS during
static and kinematics). The accuracy of static positioning by GPS with EGNOS
correction is less than 2m at night and less than 4m in the morning time. The
recommend sample rate is 60 sec during the kinematics position when using
Handheld GPS with EGNOS correction with speed 10 ~15km. The Handheld GPS
with EGNOS correction can be used to support the navigation process dﬁring the
Hydrographic survey with accuracy less than 2m and positioning of sounding during

the Hydrographic survey with accuracy less than 4m.

Finally, The Handheld GPS receivers, supported with EGNOS corrections,
based on the tested accuracy is recommend in some applications, like route survey,

and hydrographic survey, for mapping with scale 1: 10.000 or smaller.

iii




CONTENTS

Page
ACKNOWLEDGMENTS o i
ABSTRACT ' ii
CONTENTS _ ‘ iv
LIST OF TABLES vii
LIST OF FIGURES viii
CHAPTER (1) Introduction 1-5
1.1Introduction : 1
1.2 Problem statement 3
1.3 Goals and Objectives 4
1.4 Thesis out line , 4
CHAPTER (2) GPS/DGPS Technology 6-40
2.1 Introduction 6
2.2 Global Positioning System (GPS) 7-15
2.2.1 Introduction - 7
2.2.2 GPS Error Sources 10
2.2.3 Geometric Dilution of Precision (GDOP) and Visibility 12
2.3 Differential GPS (DGPS) 15-34
2.3.1 Definition - 15

iv



2.3.2 Worldwide Beacon DGPS
2.3.3 OMNI STAR satellites

2.3.4 Satellite based augmentation systems

2.4 The Data of Handheld GPS Receivers supporting EGNOS Correction
‘(NMEA) data

2.5 Summary

CHAPTER (3) Overview for Hydrographic Survey

3.1 Introduction
3.2 Underwater Depths Measurements during Hydrographic Survey
- 3.3 Positioning Techniques for Offshore Engineering Surveys
3.3.1 Sextant Resection Positioning
3.3.2 Triangulation/Intersection Positioning
3.3.3 Visual Positioning Methods
3.3.4 Tag Line Positioning Methods
3.35 Range-Azimuth Positioning Methods
3.3.6 Land-Based Electronic Positioning Systems
3.3.7 Global Positioning System Techniques

3.4 Summary

Chapter (4) Accuracy Evaluation of Handheld GPS Receivers supporting
EGNOS Correction

4.1 Introduction
4.2 Equipments used

4.3 Testing of handheld GPS during Static positioning

17
20
21

38
39

+1-48

41
42
45
46
49
52
54
57
61

65
68

69-94

69
69
70



