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Overview

* GIH Rooftop Experiment
« PTB Experiments

« Sea Gate Experiment

e Indoor Experiment

e Qutlook
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GIH Rooftop Scenario “1fe)

3D Model Measured with Terrestrial
Laser Scanner (GIH):
Coordinates of all planes
Material properties of all planes

3D Scenaric and Diffracted - Reflected Rays for PRN 2

Visualization of Simplified Scenario
and Ray-Tracing Results
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GIH Rooftop Measurement Campaign ~ |f@)

Investigation w.r.t.:

« Sidereal Repeatability of multipath effects
« |Impact of different Receivers/Antennas
« Impact of different C/N, estimation algorithm

Impact of different Tracking Schemes

Data

bservations + IF
A Lo e e e

04.03.2011 Raw observations + IF

HWN\IWNNNNNN\‘HuwumO . 03.

Javad G3T Delta Leica GRX1200 +GNSS Nord Nav R30
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Experiment setup /ife)

antenna ~

splitter \

Leica

Leica

Javad

Javad

RINEX data processing:

« Matlab-based modules developed at Institut fir Erdmessung

|F data pocessing:

* Nord Nav firmware

« Matlab-based software receiver modules for C/N, estimators and
carrier phase discriminators developed at Institut fir Erdmessung
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Sidereal repeatability of Multipath Effects/ife>

C/No values of PRN16 on 4th and 7th of March with Leica and Javad receivers

04.03.2011 Javad
04.03.2011 Leica
07.03.2011 Javad
07.03.2011 Leica

=
Elevation °

CMNo dB-Hz

. gobd repeatability _
e closer look on receiver

1 dependent impact
Mean offset value: 1.038 dB-Hz and 0=0.443 dB-Hz

Date Start time End time

04.03.2011 14:22:08 15:18:53

07.03.2011 14:09:56 15:06:41
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Incoming
signal

|

GNSS Signal Processing - Overview

“ife)

But due to multipath and noise the discriminator is never zero

x(t) = A(cos(2nfy, + 0)
+ jsin(2nfy, + 0))
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C/No dB-Hz
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Different integration times
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The longer the integration tzme, the higher the Cll\i_0 I
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C/N. Estimator - Comparison

C/No values of PRN:2

46

s
B

C/No dB-Hz

40
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Epoch Number (2 Hz estimation rate)

CNo values of PRN:13

200 400 600 800 1000 1200 1400 1600 1800
Epoch Number (2 Hz estimation rate)

« Different noise impact
« Slightly different trends
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High Resolution Correlator /ife>

The HRC was implemented only for Phase Tracking

Discrete-Time Scatter Plot Bits of the navigation message
| : | 4
[ f |
z s
s . 0 - 1HH
2 1
! ! |
1] i d " : . !
-5000 0 5000 05 1 15 2 25 3 35 4 45 5
| prompt Time (s)

Prompt Correlator

Bits of the navigation message
T T e = T T T
|
i froe i i soft i i i
1 15 2 25 3 35 4 45
Time (s)

HRC Correlator

Drawback
« Reduction of Signal Strength (1/20 of the original Peak)

e Tracking Problems
 Phase and Code observation Quality degradation
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Findings “Ife)

Data analysis showed:

» Different receivers same multipath contamination (short delay multipath)
* Repeatability of multipath effects due to the repetability of the satellite orbits
» Each satellite has a unigue repetition period (few seconds difference)

Signal Processing in software receiver showed:

» Filter out long delay MPCs

* No improvement for short delay MPCs (< 30 m)

* Increase processing capacity (HRC)

» Decreace signal quality (HRC)

« Power Ratio estimator and Variance Summing estimator C/N, algorithms give
noiser observations

« Usage of longer signal snapshots results in better signal quality

* Longer average periods filter out noise

GIH Scenario is very complex for in-depth multipath characterization
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2012/07/04:11:13

Survey of the local environment
Short baseline Set-up
High-Low antenna Set-up
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e Survey of the area
3 Baselines Measured
o Software Receiver
» Different Antennas
« Sidereal Repeatability
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Signal Amplitude and Phase Error

Relative Signal Amplitude

Multipath Characterization

Antenna Polarization State of
Physical Properties The Signal Components

Angle of Arrival

Relative Phase Shift
(AD)

1

Material Properties
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Phase Shift due to I
Extra Delay Path (&) Reflection Process I Wavelength (A)
A r A
Station
Height (h)
Reflection Process

I Incident/Reflection

I Angle

“Orientation of the * Satellite Receiving

Reflector in Space

Elevation/Azimuth

Antenna Position
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Multipath Characterization (2)

Phase Error for the Different Antenna Heights

Phase error for the different GNSS frequencies
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Multipath Characterization (3)

a) PRN 12: Normalized Amplitudes for LOS, Compound and Compound - LOS Signals vs Satellite elevation (For A2 antenna)
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epoch [h]

Smyrnaios & Schon

'E PRN 12, High Antenna Set up - Code Error

0-5 l T T I T l T

§ 0 : .W\MW. ...... N

3 r : 5 : ? :

et .0_5 ............. e ERRETEEPPREES S . ........ .......... ......... R -

2 4 : i ; i ; : ;

O T 10 1 12 13 14 15 16 17
epoch [h]

= PRN 12, Low Antenna Set up - Code Error

= 0.5 T T T T T T )

5 0 e e

= = .

3 ; : 3 : : ‘: :

@ 5F AR B R R s e B .

2 a4 : : ; : ; ;

O T 10 1" 12 13 14 15 16 17

Code error [m]

Code error [m]

. & o
- (1] [—] (1.3

b
O

-0.5

9 10 1 12 13 14 15 16 17
epoch [h]
PRN 14, Low Antenna Set up - Code Error
9 '1|0 1I'I 1I2 1I3 1I4 '1|5 1I(i 17

-1

epoch [h]

: BERTA Project 22.07.2014



/.

Data Analysis (1) Ife

PRN 12 - A1 Antenna: Observed C/N, versus Satellite Elevation PRN 14 - A1 Antenna: Observed C/N, versus Satellite Elevation C’No Values Of PRN9 Wlth PanhGEI and 3D ChOke R'ng Antennas
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1  RMS of the DD residuals with the
- Choke ring antenna: 0.0066 m

« RMS of the DD residuals with the
. Pinwheel antenna: 0.0062 m
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Simulations vs Obaservations

z PRN 12, High Antenna Set up - Code Error = PRN 14, High Antenna Set up - Code Error
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PTB Experiments - Findings “Ife)

« Derivation of new equations (phase, code and signal amplitude) for
multipath characterization.

» Generation of realistic multipath signatures that occur in the GNSS
observables.

» Distance from the reflector is related to the frequency of the
interference pattern.

* Lower Carrier-Frequencies result in larger error envelopes.
» Different antennas results in different multipath signatures.

« Data analysis showed a slightly better overall performance of
pinwheel antennas compared to 3D Choke ring antenna.

 The impact of short delayed multipath components is very similar for
different receivers connected to the same antenna.
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: _ P
Reference Station Installation |fe )
Multipath Mitigation|

Site Selection and

monumentation
Equipment
Selection
4
Station T ol | R T
Calibration S0 JI . | ‘
4 i

Observation weighting
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Potential Applications “1fe)

Geophysical Parameter Extraction

JANUARY

ﬁ' E-.vmmwm“,
|

Beckheinrich et. Al 2013
_ o ‘ Larson et. Al 2013
‘Water level monitoring ‘
| : Soil moisture retrievals
, ‘ Snow height retrievals
9'91%:5.72 1 05{725 1 05i.73L _ [°]1 051735 1 05I.74 105.7¢
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SEA GATE Area “Ife)

SEA GATE area in Rostock harbor is the marine Galileo test infrastructure
consisting of three segments:
1. Nine Pseudolites
2. Two reference stations
3. User Segment

In this case the environment and
the set up is not controlled by us.

« Data Analysis:
1. The two Reference Stations
: 2. The two Antennas on Board
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SEA GATE: Data analysis from RS (1) ITe

SPP (PSL) for RS1 - North (RMS = 0.42 m) SPP (PSL) for RS1 - East (RMS = 0.69 m) SPP (GPS) solution for RS1 - North component SPP (GPS) solution for RS1 - East component
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‘ > « PSL5 and PSL4 show high

Multipath contamination

After working hours multipath
effects are not so frequently
present in the Data Sets
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SEA GATE: Data analysis from RS (3)  |fe)

« PSL 8 observed for few epochs at RS1 on 24.10.2013.

« Obstructions of the line-of-sight at several epoch in the region enclosed by RS1, RS2, PSL
4 and PSL 5.

« After working hours (e.g. 18:00 local time) the before mentioned effects are not so
frequently present in the data sets.

« For a more critical examination of the carrier-to-noise density ratio (C/N,) of the PSL
signals more information is needed about the transmitted signal characteristics and the
signal processing modules of the receiver.

« Effects present in the residuals of the observations are not present (as it was expected) in
the C/N, time series.

« PSL-C1 solution is more precise from GPS-C1 solution due to the lack of ionospheric
refraction.

 Many losses of lock or data gaps of GPS signals (C/A, L1) at RS1 and RS2.
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SEA GATE: Data analysis from ferry (GPS)/i e

Antenna position when the Ship is docked

Ship Trajectory on 09.02.2014. (Portside in red - Starboard in blue) on 24.10.2013. (Portside in red - Starboard in blue)

3000 Ship Trajectory on 24.10.2013. (Portside in red - Starboard in blue)
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SEA GATE: Data analysis from ferry (GPS /|f

| Portside

‘Starbqard
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SEA GATE: Data analysis from ferry (PSL)/ife>

SPP (2D - PSL) for Portside (in Red) and Starboard (in Blue) antennas
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SEA GATE: Data analysis from ferry /ife>

PSL 1 and PSL 2 were not observed by both antennas on board of the ferry during the
afternoon session on 24.10.2013.

Interference like patterns present in C/N, time series of the PSLs for both antennas on board of
the ferry, when the ferry is entering/exiting the harbor.

Several epochs were observed, during the docking maneuvers of the ferry, were the observed
PSLs are less than 3 and a solution was not estimated.

The before mentioned epochs are not common for the two antennas on board.

GPS signals interruption occurs during the entrance/exit of the ferry in/out Rostock harbor for
signals captured with the Starboard antenna.

The estimated trajectory, with GPS signals, with the data captured from Starboard antenna
deviates significantly from the trajectory estimated with data captured from the Portside
antenna. These deviations are occurring only when the ship is in Rostock harbor area.

GPS L2 loss of lock occurs for several PRNs observed from the Starboard antenna during the
presence of the ferry in Rostock harbor area.

GPS signals quality degrades when the ferry enters the harbor area. The degradation is bigger

from the signals captured with the Starboard antenna.
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SEA GATE Data analysis - Outlook /ife>

 We are in contact with RST and Septentrio for the clarification
of the problems.

* Novel Tropospheric modeling for PSL observations developed
from EDM.

« Ongoing data analysis in the framework of a Bachelor Thesis
and a Poster presentation in Geodetic Week.

* The investigation can be further expanded to other GATE
environment (e.g. Railway).

Smyrnaios & Schon: BERTA Project 22.07.2014 30




GNSS Indoor Scenario - Challenges

Fading behavior creates signal processing problems.
Weak signals can not easily detectable.

In many case reflected signals are acquired and tracked.

Observation quality is degradated.

Less PRNSs are tracked.

Satellite geometry is less suitable.

Estimated positioning solution accuracy very low.

ppler Frequency [Hz]

05 05

0
Code Phase [chip]
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GNSS Indoor investigation /ife>

« Test Different Tracking schemes in indoor environment

« Compare software-receiver vs high sensitivity receiver vs
Geodetic receiver

* Investigate the sidereal repeatability of the fading behavior

In addition:
 Usage of LHCP and RHCP antennas in parallel

f
A
]

4

i 15
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Indoor: Experiment Set-Up /ife)

RHCP LHCP

Splitter < Splitter

N\

Ublox IFEN Ublox IFEN

A 4

Data Storage (€
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Indoor: High Sensitivity vs “1fa)
Geodetic Receiver Ife
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Indoor: RHCP Antenna Output vs
LHCP Antenna Output

Scenario and Observed PRN Arcs
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Sidereal Repeatability of Fading behavior/ife
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Indoor: Different tracking Schemes “|fa)
in Software Receiver Ife
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SPP (GPS) for RHCP output (DOY098) - North
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Indoor: Findings /ife )

* High sensitivity receivers outperform geodetic receivers.

» High sensitivity receiver outperform software receivers
tracking signals with high sensitivity configurations.

» Sidereal repeatability of the fading behavior is occurred for
only some of the observed PRNSs.

« Fading behavior from the different antenna outputs is
uncorrelated.

« Potential use for different antenna diversity schemes (e.g.
polarization diversity) with different combining algorithms.

* C/No based weighting improves the positioning accuracy.

» Poster presentation of a student indoor measurement
campaign will be presented in the Geodetic Week.
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