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« My presentation Is mainly based on the
tutorial of U-blox company in Switzerland.

« This company Is one of the best company in
the field of high-sensitivity GNSS recelver.

e http://www.u-blox.com/




What Is GNSS ?

 Global Navigation Satellite Systems (GNSS) Is the
standard generic term for satellite navigation systems
that provide autonomous geo-spatial positioning with
global coverage. GNSS allows small receivers to
determine their location to within a few meters.

« Asof 2009, the United States NAVSTAR Global
Posmonlnq System (GPS) is the only fully operational
GNSS. The Russian GLONASS is a GNSS in the process of
being restored to full operation. The European Union's
Galileo positioning system is a GNSS in initial
deployment phase, scheduled to be operational in
2014.

From Wikipedia
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Where on Eartham | ?

Your position on earth is of vital importance.



Introduction

Longitude: 9°24'23 43"
Latitude: 46°48'37.20"
Altitude: 709.1m
Time: 12h33'07"

The following values can accurately be determined anywhere on the globe.

» Exact position (longitude, latitude and altitude) accurate to within 20m to
approx. 1mm
« Exact time (UTC) accurate to within 60ns to approx. 5ns




I\/Ieasuring signal transit time
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The distance can be established quite easily:
 Distance = travel time * speed of sound

Satellite Navigation functions by the same principle. In this case, the distance is calculated
from the travel time of radio waves transmitted from the satellites.




Basic principles of satellite navigation
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Because the time of the clock onboard our car may not be exactly synchronized with
the clock at the transmitter, there can be a discrepancy between the calculated
and actual distance traveled. One microsecond error generates a 300m error.

We could solve a problem by adding another unknown parameter of the clock
onboard error.



Four satellites are needed
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Transmission Reception

Satellite Navigation Systems use satellites as time-signal transmitters. Contact to at
least four satellites is necessary in order to determine the three desired coordinates
(Longitude, Latitude, Altitude) as well as the exact time. | explain this in more detail later.



Signal travel time

Satellite and
receiver clock
display: Oms

Signal transmission (start time)

Satellite and
receiver clock
display: 67.3ms
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Signal reception (stop time)

GNSS satellites transmit their exact position and onboard clock time to Earth.
These signals are transmitted at the speed of light (300,000km/s) and therefore
require approx. 67ms to reach a position on the Earth’s surface.



Determining position

Position

In the real world, a position has to be determined in three-dimensional space.
If the distance to the three satellites is known, all possible positions are located on
the surface of three spheres whose radii correspond to the distance calculated.

This fact is only valid if the clock at the receiver and the atomic clocks onboard

the satellites are synchronized. If the measured travel time between the satellites and
a receiver is incorrectly by just 1micro-second, a position error

of 300m is produced.



Correction of time error

longitude
latitude
Height
time error

L signal

Mathematics can help us in this situation.
N variables are unknown - we need N independent equations
The error produced from the receiver clock is same for all satellites !!!
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Coordinate systems

 Asignificant problem to overcome when using a
GNSS system is the fact that there are a great
number of differing coordinate systems
worldwide.

 As a result, the position measured and calculated
does not always correspond with one’s supposed
position.

 |norder to understand how GNSS systems
function, it Is necessary to examine some of the
basics of geodesy.



What is Geoid ?

Earth Macro image of the earth Geoid (exaggerated form)

e The geoid represents the true shape of the earth;
defined as the surface, where the mean sea level
IS zero. However, a geoid Is a difficult shape to
manipulate when conducting calculations.



What is Ellipsoid ?
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« Asimpler, more definable shape is needed when
carrying out daily surveying operations. Such a
substitute surface is known as an ellipsoid. A
spheroid is obtained like the above figure.



Datum, map reference system
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Each country has developed its own

customized non-geocentric ellipsoid as a

G reference surface for carrying out
Customized ~ SUrveying operations.

ellipsoid
for country B

Geoid (exaggerated shape)
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N 5% the positional coordinates of a point
,,ﬁf’"le in degrees of longitude and latitude.
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— T My lab is on the 5t floor (20m MSL).
Ellipisodal Height = Undulation N + Geoid Height ~ But GPS height is 60m. Why ?



Worldwide reference ellipsoid WGS-84
(World Geodetic System 1984)

(]2 _Morin Pole

Parameter of WG5-84 Reference Ellipsoids

Sem major axis a (m)

Semi minor axis b (m)

Flattening (1: ....)

6,378,137.00

B,356,752.31

298 257223563

The WGS-84 coordinate
system is geocentrically
positioned with respect to
the center of the Earth. Such
a system is called ECEF
(Earth Centered, Earth
Fixed)

The WGS-84 is a three-
dimensional, right-handed,
Cartesian coordinate system
with its original coordinate
point at the center of mass
of an ellipsoid.



Ellipsoidal Coordinates
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Ellipsoidal coordinates (®, A, h), rather than Cartesian coordinates (X, Y, Z) are generally used
for further processing. @ corresponds to latitude, A corresponds to longitude and h to the
Ellipsoidal height.



Example

A
\ Geoid = 20m (MSL)

om GPS height = 60m

40m

. 4 WGS84 Ellipsoid
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Kepler’s first law

Fengee

* The Apogee expresses the
furthest point of an
elliptical orbit from the
canter of the Earth.

cemimaorass ® 1N€ Perigee IS the closest
o sememinar A point of the orbital ellipse
O el to the Earth.

Ellipse

Plane

Apogee



Kepler’s second law

é%-f Satellite

v 1=Tv 2,
thenA_1=A_2

e The second law states
that: “A line joining a
planet and the sun sweeps
out equal areas during
equal intervals of time”

e For satellites this means

left figure.



Kepler’s third law

P
—- is constant for all planets.
a

P = orbital Period, a = semi-major axis of the orbital ellipse

| 2
h = 3/3.9860042 ¢ 1{1““3 |'— R, [m]

\

R.: Radius of the Earth (6378.137km)

P: orbital period of the satellite around the Earth

 This law states that the squares of the orbital
periods of planets are directly proportional to the
cubes of the semi-major axis of the orbits.



Satellite orbits

The spatial orientation:
Orbital inclination, excentricity, length, altitude

Equatorial Plane

~nclination ]
The parameters of motion:

Orbital period

/

Lg7 satellite

The Ephemeris of a satellite is a mathematical description of its orbit. The high precision
satellite orbital data is necessary for a receiver to calculate the satellite’s exact position
In space at any given time.

Orbital data with reduced exactness is referred to as an Almanac.



Almanac
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e The current Almanac Data can also be viewed
over the internet.

e Accuracy
Almanac: 100-1000m 1week
Ephemeris: 1-2m 2hours




Elevation, Azimuth

LEF Satellite

South Observer .'I North

» L]
Reference Plane 45

 The Elevation describes the angle of a satellite rela
tive to the horizontal plane.

 The Azimuth is the angle between the satellite and
true North.
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Three GPS Segments

Space segment
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- established ephemens
- calculated almanacs

- satellite health

- time corrections

From satellites
L1 carrier signals

- time pulses

- ephemeris From the ground
- almanac station

- satellite health

- date, time

User segment Control segment



GPS satellites orbit
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Satellite block diagram

Aiomic clock |

Bazeband

Fraquency
10:23MH=

s B o
WA

Carrier freg I.'L".'L“lllv[l.”il Ih\ Ll'lu BPSK 1575 42MHz Y

generator . o

1575.42MHz LT carrier NSNS A ILIM’l MM

b ]
BPSK
=18 1.0230H
s rad
A code 02304

el Time puise for | 1.0230Hz generaer | JUTLINNT : x
e ot I:“.-'J‘-".genera:-:r._..1 =1

1.0273Hz _F’fgzg -:h.n: C/A code

i ¥_ euxclusive-or
)
- 204'600 by
S0Hz
Diata F'JEE' AOH=z Diata
generalne [ Processing
S0t 1 Bit = 20ms Data
Tun
Cata

The C/A code plays an important role in the multiplexing and modulation.



Deactivation the artificial distortion
of the signal

Colorado Springs, Colorado 2 May 2000
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Receiver block diagram

Antenna

Satellite
eAcquisition
Tracking
eData demodulation

FrontEnd

AD converter

Estimation of
*Position
\/elocity

*Time




Correlation process across 30 bits

Incoming signal from PRN-18
bit 11 to 40, reference

Reference signal from PRN-18
bit 1 to 30, leading

Reference signal from PRN-18
bit 11 to 40, in phase

Reference signal from PRN-18
bit 21 to 50, trailing

Reference signal from PRN-5
Bit 11 to 40, in phase

[

I

L

CF=0.00

Correlation
point:
CF=1.00

CF=0.07

CF=0.33

The quality of the correlation is expressed here as a CF (correlation factor).
The value range of the CF lies between -1and +1and is only +1

when the signals completely match .



Search for the maximum correlation In
code and carrier frequency domains

~Maximum
"y Level

Correlation

Factor

Frequency Shift




Frequency A
Band

Modernization
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Date

With modernization the number of available GPS frequencies will be increased
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Three-dimensional coordinate system
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Pseudo-range
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PSR=R+Atc-c

R: true range of the satellite from the user

C: speed of light

At: signal travel time from the satellite to the user

At difference between the satellite clock and the user clock
PSR:  pseudorange



Estimating a position
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Least Square Method is used to calculate position



Determination of travel time

sl .l UL ALL........ ATLIL...

satellite signal

Generated
receiver signal,
early

Generated
receiver signal,
synchronized

Generated
receiver signal,
delayed
Correlation "
maximum » A
Correlation /\
factor 0 || | >
0 t1 t2 i3 Time
displacement
Receiver
time mark

Correlation maximum achieved by shifting time t2

L ues = AL+ At = Arrival Time,_,.., ... — Transmission Time_.. ...

At: true signal travel time: Satellite to Receiver

t,: Difference between Receiver Time and GPS Time



Additional travel time error

Error cause Error without DGPS
Ephemeris data 1.5m
Satellite clocks 1.5m
Effect of the ionosphere 3.0m
Effect of the troposphere 0.7m
Multipath reception 1.0m
Effect of the receiver 0.5m
Total RMS value 4.0m

These are typical values.



The influence of satellite geometry

« The precision of positioning with GPS navigation depends on the one h
and on the precision of the individual pseudorange measurements and
on the other hand on the geometric configuration of the satellites used
. This configuration is expressed in terms of a scalar value, which is ref
erred to in navigation literature as DOP (Dilution of Precision).
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Total Error = Total RMS Error * DOP



lllustration of the DOP-value

Volume Volume

low DOP: 1.5 high DOP: 5.7

Total position error = (Position error through other influences) * (DOP value)



Practical implications of DOP values

visible
satellites

0a:00 0z.00 QE.ao 0900 1200 14:00 1800 21:00 00

DOP values and the number of satellites over an open area during a 24-hour period



hour HDOP values

24-
(no obstruct

th obstruction)

/W

10N

=
. =

r T -~
' ™

H =

. =

P -
- r4

=

. =

. o

H —

H =
IS SR SRV B =
B lin)

o

=

™

—

=
- =
=]
=
=
=]
) ' o
i i =
I '
I '
| |
i ' '
I ' '
. . . =
LA A i =
i H H ]
. . . =
i i i
| ' '
I ' '
H 1 1
I ' '
I ' '
. . . =
L i H H =]
=
e N N R T T — T e R = — =1
I T T =~ T T R =T — T~ T T
-
o
=8 o
] kl
e o
P =T =1 =
S T
= o
-—

2707

Shadow

S PR

[

HDOPp =@

18 fromeremmnees

L

14 frmmmnenmesas

270

0600 0g:.00 100 15.00 13:.00 1100 2400

0300

180°
Shadow

Time



Total error

Measurement accuracy Is proportionally dep
endent on the DOP value. This means that
when the DOP value doubles, the positioni
ng error Is also twice as large.

Total RMS value: 4.0m
Horizontal error (1sigma HDOP=1.5): 6.0m
Horizontal error (2sigma HDOP=1.5): 12.0m
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Sources of GPS error

Error cause Error without DGPS
Ephemeris data 1.5m
Satellite clocks 1.5m
Eftect of the ionosphere 3.0m
Effect of the troposphere 0.7m
Multipath reception 1.0m
Effect of the receiver 0.5m
Total RMS value 4.0m

e Multipath and receiver noise is relatively difficult to reduce.




DGPS
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m__ DGPS uses the fact that the most of error sources
' change slowly in the time domain if the distance
between ref and user is approx. within 100km.
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GPS reference station " 4Chur
GPS receiver

 Determination of the correction values at the reference station

 Transmission of the correction values from the reference station to the G
PS user

 Compensation for the determined pseudoranges to correct the calculated
position of the GPS user



Achievable accuracy with DGPS

Error cause and type Error Error with
without DGPS/SBAS
DGPS/SBAS
Ephemeris data 1.5m 0.1Tm
Satellite clocks 1.5m 0.1m
Effect of the ionosphere 3.0m 0.2m
Effect of the troposphere 0.7m 0.2m
Multipath reception 1.0m 1.4m
Effect of the receiver 0.5m 0.5m
Total RMS value 4.0m 1.2m
Horizontal error (1-Sigma (68%) HDOP=1.3) 6.0m 1.8m
Horizontal error (2-Sigma (95%) HDOP=1.3) 12.0m 3 6m

Most of error sources can be reduced by using DGPS correction data



Limitations of DGPS

Accuracy
3m
2m
1m
The shorter baseline the better accuracy
0 500 1000

Baseline (km)



Wide Area DGPS

Coaorrection and
Integrity datas
(RTCA DO-229C)

control
centre

SBAS area
for. ex. Europe, USA, Japan
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RTK (Real Time Kinematic)

The concept of RTK Is same as DGPS.

The only difference Is that RTK uses carrier
phase measurements. DGPS uses pseudo-
range measurements.

GPS recelver iIs able to measure 1/100 of
wavelength of L1 frequency.

If you have high-end receiver, you know your
position within 1cm accuracy as long as you
are in open sky condition.




RTK example (1hour data)
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High Sensitivity Recelver

Modern GNSS receivers typically possess a sensitivity of
approximately -160dBm (standard: -145dBm).Given that the GPS
operator (US) guarantees signal strength of -130dBm(45dB-Hz),
GNSS receivers can therefore function in buildings that weaken

the signal by up to 15-30dB.

*Increased signal sensitivity
*Quicker acquisition upon activation of the receiver | Focuses of efforts

*Reduced sensitivity to interference

*Improved Oscillator Stability )

*Antennas

*Noise Figure considerations Technical aspects

C‘Increasing the correlators and the correlation time )




Signal Strength in Urban Area
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Air Traffic Control

wide area augmentation system

Satellite Based Augmentation System Ground Based Augmentation System



Ship Navigation (AIS)
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~Tor o 5
o~ B

P R=3(P) » FY—I0) v~

MarineTraffic.com

Ships Map

Go to Area... -
Go to Port... -
Go To Vessel.. -

Motation & Display options:
Show Ship Names

? Ports , Stations
My Fleet
W-Passeneger Vessels
FB-Cargo Vessels

B> Tankers

T==High Speed Craft
I=Tug, Pilot, etc

BYachts & Others
& Navigation Aids
T=Unspecified Ships
&Ships Underway
&> Anchored/Moored

Quick Links:

Expected Arrivals

Receiving Stations

Discussion Group

Help us translate the site into
your language!

Ads by Google

Wessels Ships
AT AIS

& [3@ v vh|FEE-FEY %100% -




Car Navigation
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GLONASS development plan
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GLONASS is an abbreviation for a GNSS system currently operated by the

Russian Defense Ministry.
The first three test-satellites were launched into orbit on October 12, 1982.



GLONASS positioning error

Projected GLONASS Positioning Error (95%)

35

Cumrent GPS
Level
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2007 2008 2009 2010 2011

The measured position accuracy of GLONASS should gradually approach that of GPS.



Galileo

Galileo is a global navigation satellite system (GNSS) currently being
built by the European Union (EU) and European Space Agency (ESA).
The €3.4 billion project is an alternative and complementary to the
U.S. Global Positioning System (GPS) and the Russian GLONASS. On
30 November 2007 the 27 EU transportation ministers involved
reached an agreement that it should be operational by 2013.1

28 spacecraft
orbital altitude: 23,222 km (MEQ)

3 orbital planes, 56° inclination, ascending nodes separated by 120° longitude (9 operational satellites and one
active spare per orbital plane)

satellite lifetime: >12 years

satellite mass: 675 kg

satellite body dimensions: 2.7 mx1.2mx1.1m
span of solar arrays: 18.7 m

power of solar arrays: 1,500 W (end of life)

From Wikipedia



e The Quasi-Zenith Satellite
System (QZSS), Is a
proposed three-satellite
regional time transfer
system and enhancement
for the Global Positioning
System, that would be
receivable within Japan. The
first satellite is currently
scheduled to be launched in
2010. Full operational status
is expected by 2013.112

From Wikipedia



Beidou

* The Beidou Navigation System or Beidou
Satellite Navigation and Positioning System Is
a project by China to develop an independent
satellite navigation system. The current
Beidou-1 system (made up of 4 satellites) Is
experimental and has limited coverage and
application. However, China has planned to
develop a truly global satellite navigation
system consisting of 35 satellites (known as
Compass or Beidou-2).

From Wikipedia



GPS textbook

e http://www.u-blox.com/
| used this tutorial today.
e http://www.gpstextbook.com/

Global Positioning System: Signals, Measurements, and Performance
Second Edition (2006)

By Pratap Misra and Per Enge

There are many GPS textbooks in English.

You can choose one which is suitable for you.

If you can’t, | recommend the above one. Firstly, you should read u-blox tutorial and
if you would like to know more in details, you can read the above one.



Conclusion

e \What s Geoid ? or What 1s WGS84 ?
e What is CDMA ?
e Total Error = Total RMS Error * DOP




Questions ?



