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GPS and Galileo Data Processing

Main Goal: To acquire GPS Fundamental
Background & Processing skills

OUTLINE
0. Introduction to Navigation
|. Introduction to Space Geodesy
1.1 Space Geodesy
1.2 Basic concepts of Satellite Geodesy
1.3 Historical Development of Satellite Geodesy
1.4 Applications of Satellite Geodesy
1. Global Positioning System (GPS)
2.1 Introduction
2.2 Space Segment
2.3 Control Segment
2.4 Observation Principle and Signal Structure
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Outline (2)

[11. Satellite Orbital Motion
3.1 Two-Body Problem
3.2 Elliptic motion of the satellite
3.3 Orbital elements
3.4 Perburbed Satellite Motion
V. Physical fundamentals
4.1 Reference Coordinate Systems
4.2 Time
4.3 Electromagnetic signal propagation
V. GPS observations and data processing
5.1 Observables
5.2 GPS point positioning
5.3 Differential GPS positioning
V1. Some applications of GPS
VII. GALILEO and applications
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Part of this course is based on the book edited
by UPC:

GPS data processing: code and phase.
Algorithms, techniques and recipes.

These slides show some exercises and
examples whose data files (with actual GPS
data) and corresponding software (with source
code) are provided in the book.
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Summary

e Introduction.

e GPS measurements and their combinations.
e Satellite coordinates.

e The model.
 Navigation equations.
e Code and phase differential positioning.

® Floating versus fixing ambiguities.
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Specific Objectives:

e To learn about GPS observables (code and phase), their
characteristics, properties, combinations and applications.

e To learn how to calculate satellites orbits and clocks from
navigation message. To know the achievable precision.

e To learn how to model pseudodistance for code and phase
measurements. This includes calculation of: 1) Coordinates at
emission epoch, 2) Ionospheric delay (Klobuchar model), 3)
Tropospheric delay, 4) relativistic correction, 5) clocks offsets and
satellite instrumental delays, 6) phase wind-up, etc.

e To learn how to set and solve the navigation equation system
using least-squares or Kalman filter (algorithm level).

e To know how to use phase differential positioning: Floating and
fixing ambiguities.

To get tools and skills to process and analyze GPS data. |
To implement algorithms for satellite navigation. '
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Introduction
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A ship determines its location from a set on lighthouses that
send an acoustic signal at a known time.

Knowing the emission time
“t0” in the lighthouse and
the reception time “t1” in
the ship, the traveling time
“t1-t0”, and the geometric
range “p=v(t1-t0)” may be
computed.

4
With only one lighthouse there
is a whole circumference of
possible locations

—o=rreonNICA
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With two lighthouses there
are two possible solutions.

But, one of them is not on
the sea!

T vu.lll.\ﬁ‘l[
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A ship determines its location from a set on lighthouses that
send an acoustic signal at a known time.

With three lighthouses a
single solution is found

—o=rreonNICA
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W Errors in the clocks (lighthouses and ship) synchronism affects the accuracy

The ranges are measured by means the
traveling time of the acoustic signal from
the lighthouses to the ship.

Thence, the synchronism errors between
the lighthouses and ship clocks will degrade
the positioning accuracy.

True range or
| Geometric range

|~ =4

T T T =TT

Pseudorange or

apparent distance
due to the error clocks




SUMMARY: The positioning system is based on:

* To know the coordinates of the lighthouses

e To know the ranges from the ship to the lighthouses
* To solve a geometric problem.

/A!_‘.v’ True range or
‘V-‘v R

Geometric range

NOTE: the ranges are measured by means

Vass
the traveling time of the acoustic signal

from the lighthouses to the ship. .

Thence, the synchronism errors between Pseudt.Jrange o
the lighthouses and ship clocks will degrade N

o apparent distance
‘ the p05|t|on|n<__gjlccuracy. W dﬁz to the error clock.

T T T ST TN YT
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How GPS Works

Satellites broadcast
orbit and clock data ﬁ

= Satellite coordinates

and clock offset t

‘ = Lig htITouses
coordinates

Receiver measures
traveling time from
satellite to receiver

= Pseudorange (P) t_

Lighthouses-ship
ranges.

Thence, the receiver coordinates are found solving a
' geometrical problem: from sat. coordinates and ranges




How GPS Works

Three measurements puts us
at one of two points

20 000k

Twe measuremeants puts

us somawhare on this cirde One of the solutions is noté

on the Earth surface.
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How GPS Works
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How GPS Works

Lesson 3:

GPS measurements N
and its

% lare

~ Measuremertts:
Ranges

“Pseudoranges” are
computed from the
traveling time sat-rec

Several error sources
affect these
measurements

Receiver
location

travel time x speed of light
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How GPS Works

Satellite Iocatioer.

Satellite coordinates

and clock offsets are P Lesson 4:

computed from the .

navigation message: GPS Orbits and = 300 BITS, 6 SECONDS —
Clocks usv CLOCK CORRECTION DATA | |

2 LM | HOW | SW EPHEMERIS DATA (l)

3 HOW | 5¥ EPHEMERIS DATA (Il)
ES OF SUBFRAME 4 AND 5 = 12.5 MINUTES
HOW | OTHER DATA (IONO, UTC, ETC)

1500 BITS,
30 SECONDS
HOW | ALMANAC DATA FOR ALL 5VS 3|£

k— ONE WORD = 30 BITS, 24 DATA, 6 PARITY —
8-BIT PREAMBLE DATA PARITY

TLM
TELEMETRY WORD

A How
HANDOVER WORD 17-BIT TIME OF WEEK DATA | PARITY

Receiver
location GPS NAVIGATION DATA FORMAT
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Atmospheric propagation: IONO, TROPO

Receiver
location

3PS Works

'?’IODEL:

Atmospheric propag.,
relativistic effects,
clocks and instrum.
delays are modeled
and removed.

And the navigation
equations are built
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How GPS Works
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Lesson 6:

Solving the
navigation Equations
/’Q Atmospheric propag.,

Navigqtio‘n relativistic  effects,

equations clocks and instrum.
The geometric delays are modeled
problem is linearized, and removed.

and Weighted Least And the navigation
Mean Squares or equations are built ﬁ

MODEL:

N

Kalman filter are
used to compute the
solution.
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How GPS Works

Lesson 7:

Code and phase
differential positioning. \

Floating/fixing
ambiguities

5

Long-Baseline (hundreds Km) OTF Ambiguity Resolu
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