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MOTIVATION OF THIS STUDY

Motivation

 To implement a variable azimuth resolution
(Congruent geometry) to accurately
characterizing site-specific effects at both
low and high elevations.

« Expand the multipath stacking methods by
using multi-GNSS; GPS, Galileo, GLONASS,
and BDS

* Responding to IGS call in addressing
-+ multipath error for the next ITRF & next
reprocessing efforts
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* GNSS signal arrives at the antenna taking ./“// D
different paths. This introduces multipath “// O
noise.

 The composite signal received is a
combination of the direct line-of-sight signal
and the refracted and/or diffracted signal
from a nearby object

%% . The term multipath is used to describe any
7 form of not-line-of-sight reception

* Multipath results in quasi-periodic
oscillations in GNSS Signal-to-noise (SNR)
ratio, mainly at low elevation.

& ° The SNR oscillations depend on the
% properties of the reflecting surface,
antenna height H, elevation angle e, v
amplitude A and phase ¢

41tH
SNR = A cos [T sin(e) + (p]

Additional distance

Antenna
height

Plane surface
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" Understanding ~
multipath error by S
mapping SNR
= Correcting for
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WHAT DO THE POST-FIT CARRIER RESIDUALS CONTAIN

One-way phase residuals show differences in
carrier-phase observations and estimated values
after adjustment of parameters e.g. coordinates,
ambiguities and tropospheric parameters.

This information contains non-
modelled error sources which
could be:




B CONSTRUCTION OF MULTIPATH STACKING MAPS (MPS)

Currently residual stacked mapping
uses a constant grid size (azimuth &
elevation resolution): strongly depends
on the number of residuals per cell.

With a fixed azimuth —> size of the grids
decreases with increasing elevation,
leading to sparse post-fit residuals

With fixed Azimuth: d4, = dA; = dA, =
by> by > b,

19 x 10

20 x 50

da,

d|
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VARIABLE AZIMUTH
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Compute post-fit residuals using GAMIT-GLOBK
GNSS processing engine

@ Outliers @® residuals

The site-specific MPS is estimated by averaging
post-fit residuals in each congruent grid cell:

-Qutliers

Outlying post-fit residuals are identified with 3-
sigma rule.

Residuals in [mm]

o
ath

10 20 30 40 50 60 70 80 90
Y Elevation Angle
= The resulting correction maps contain merged

i effects of multipath and insufficient modelled

errors
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@8 EXAMPLES OF MULTIPATH STACKING MAPS

» Station with larger post-fit
residuals (ZIM2, Zimmerwald,
Switzerland)

TRACK: GPS+GLO+GAL+BDS

INDIVIDUAL CALIBRATION PCV:
GEO++ ROBOT-BASED

 Receiver: Trimble NETR9
Antenna type: TRM59800.00 NONE
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21-days (121-141) 2018 post fit L3-residual at ZIM2 21-days (121-141) 2018 post fit L3-residual at ZIM2
a) Observed (G) b) CC Stacked map (G) a) Observed (E) b) CC Stacked map (E)

mi.ll | GPs(G)
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21-days (121-141) 2018 post fit L3-residual at ZIM2 21-days (121-141) 2018 post fit L3-residual at ZIM2
a) Observed (R) b) CC Stacked map (R) a) Observed (C) b) CC Stacked map (C)
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21-days (121-141) 2018 post fit L3-residual at ZIM2 21-days (121-141) 2018 post fit L3-residual at ZIM2 21-days (121-141) 2018 post fit L3-residual at ZIM2
a) Observed (GR) b) CC Stacked map (GR) a) Observed (GRE) b) CC Stacked map (GRE) a) Observed (GREC) b) CC Stacked map (GREC)

! [cps+cLonass | [GPS+GLONASS+Galileo | || GPS+GLONASS+Galileo+BDS
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RMS FOR DIFFERENT MEGX STATIONS
FOR MULIT-GNSS COMBINATIONS:

rms [mm]
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,FRANCE

270°
90°

180°

PCV at station (ASH700936A_M NONE),
@ AJAC

270°

S PCV CORRECTIONS FOR L1 (GPS-ONLY) FOR STATION, AJAC

90°

180°

PCV after MPS corrections(ASH700936A_M
NONE) @ AJAC




IMPLEMENTING PCV CORRECTIONS

[GNss RINEX files ] IGS and extemal}
l products

FAMIT network solutions}
Global/Regional

]

| Post-fit residuals |

! ANTEX FILE
Construct [Corrected PCV ]4-[ PCV model }
Congruent cells:R; 1

| |
- - R t t: L1 d
[Outller detectlons] { ectgsrggi%uws an }

| I
Multipath stacking maps: _,[R(i_m - Mps]
previous 21 days: R;_,1)




CONCLUSIONS

Raw (unfiltered) residuals manifest large fluctuations below ~15 degrees
elevation

Multi-GNSS stacking reduces multipath effects: the amount depends on severity
of the site-specific multipath

The MPS map RMS improves when GPS+GLONASS+Galileo+BDS are combined

Galileo shows the smallest RMS

* There is potential to provide in-situ correction products for all IGS stations
similar to those for the PCV correction tables
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