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‘ High quality ZTD estimations typically
A% rely on high-grade equipment

In certain areas high grade equipment is
—~ only sparsely available

@ Previously low-cost only possible with
SF receivers

DF frequency measurements avoid
‘complicated” methods to estimate ZTD

Low-cost DF receivers released

RESULTS

CONCLUSION

Can low-cost
dual frequency
receivers also
obtain high
quality ZTD
estimations?
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To be ‘really low cost’, also low-cost antennas

e cded But then how to

use low-cost
antennas
effectively?

Low-cost antennas are generally not calibrated

Geodetic antennas are typically calibrate'd
which is expensive : ‘

: —

Our approach: apply a relative antenna
calibration and generate absolute
antenna patterns

We show PPP-derived ZTD results with a
ZED F9P receiver and different antennas
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METHOD - OVERVIEW

A relative antenna calibration based on a

x short-baseline experiment is performed to
correct for the antenna Phase Center
Variations (PCVs).

TWO approaches:

A) An elevation-only calibration by
averaging over all azimuth angles

B) An azimuth-elevation calibration

F3 To transform the relative calibrations

B ® resulting from the short-baseline to absolute
PCVs, the known base station antenna PCVs
are added to the residuals.

For this, new ANTEX entries using a binning
width of 5° are created.
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METHOD - OVERVIEW

Several tests are performed with all utilized
antennas and different ANTEX
configurations:

« No ANTEX file at all

« Satellite PCO/PCVs only

+ IGS Type mean receiver ANTEX (only
available for LEIAR25.R3 and Zephyr2)

« Own elevation-only receiver ANTEX

« Own azimuth-elevation receiver ANTEX

@ The ZTD performance is evaluated against
the IGS ZTD reference data from the IGS
station DLF1 (10m distance).
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EXPERIMENT

° Delft, next to IGS station DLF1

Short baseline of ~ 10m
(DLF1 is the base station)

é Same observation point consecutively measured

}.,, Near-field and multipath can be regarded as
M relatively clean

PO
B Three full observation days
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EQUIPMENT

A 7ED-F9P receiver

.

Data logging Raspi Zero,
water proof case

LEIAR25.R3 LEIT
TRM55971.00 NONE
(Zephyr2 Geodetic)
Trimble GA530
Trimble AV28
U-blox ANN-MB-00

Different antenna
brackets driven by
different designs

INTRODUCTION

~ 200 €

Antenna price range
50 - ~2000 €

METHODS RESULTS

@biox’
2ED-F9P-008-02
F1100001277

mn
1091020001002 ""z
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CONCLUSION




EQUIPMENT

INTRODUCTION

a) LEIAR25.R3 LEIT with
DLF1 in background

b) Trimble Zephyr2 geodetic

c) Trimble GA530

d) Trimble AV28

e) U-blox ANN-MB-00

The antennas AV28 (d) and
ANN-MB-00 (e) are shown
with a circular plane. A
second measurement is
performed with a metallic
rectangular bracket

The antennas are ordered
by the approximate price

METHODS

RESULTS

CONCLUSION
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SCHEMATIC APPROACH

USNO
(Bernese, PPP)

LEIAR25.R3 LEIT (IGS DLF1): _

Trimble NetR9 i

Antenna

Receiver!

Short Baseline

BaseK

7ve r

¢+ IGS ANTEX
. (LEIAR25.R3 LEIT)

v

RESULTS CONCLUSION

. Antennas i
1 LEIAR25.R3 LEIT 5
' TRM55971.00 NONE :
. Trimble GA530 i
| Trimble AV28 5
+ U-blox ANN-MB-00 :

eceiver
-blox ZED-F9P

cX

X | iResiduals @ aze) | RTKLIB
: E(For all rover antennas) ! (static)
v v e 4
PCV corrections ' ANTEX I goGPS
: —

(new ANTEX entries) i (rover antennas) ! (PPP)

> Z1D : ZTD :

comparison L .
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The calibration procedure relies on residual analysis

T LT

CONCLUSION
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RESIDUALS BEFORE CORRECTION

L1 L2

=
o

t RMSE of phase residuals on L1 and L2
& Bars are ordered by price of the antenna
ulll;

/' Generally lowest residuals for highest
I priced antenna

Phase RMSE [mm]
N w N (03] [e)} N 0] \o}

[y

Q Lower cost antennas AV28 and
ANN-MB-00 perform better when a
circular ground plane is used

o

LEIAR25.R3 LEIT ®TRM55971.00 NONE
Trimble GA 530 B Trimble AV28
(rect. bracket)
B Trimble AV28 m U-blox ANN-MB-00
(circular plane) (rect. bracket)

m U-blox ANN-MB-00
(circular plane)
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CARRIER PHASE RESIDUALS VS ELEVATION

| Graph explanation:
* - 0.5 degree averages
(continuous lines)
- 5 degree averages (the ANTEX
standard; thick dotted line)
- Standard deviation (thin dots)

Graph findings:

- LEIAR25.R3 (pink line) close to
zero

- Clear strong signal evident for
AV28 and ANN-MB-00 when a
metallic rectangular bracket is
used. With a circular plane, the
residuals are smaller

INTRODUCTION
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METHODS RESULTS

CONCLUSION

L1

LEIAR25.R3 LEIT

TRM55971.00 NONE

Trimble GA530

—— Trimble AV28 (rectangular bracket)
Trimble AV28 (circular plane)

—— U-blox ANN-MB-00 (rectangular bracket)

—— U-blox ANN-MB-00 (circular plane)

L2

30 60
Elevation [deg]

Elevation [deg]

90
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RECTANGULAR VS CIRCULAR GROUND PLANE

AV28 L1 ‘ AV28 L2

= Residuals plotted in
(1 azimuth-elevation bins

Eq_) High residuals when a
rectangular bracket is
used. More uniform with
a circular ground plane.

Rectangular (left), circular (right) Rectangular (left), circular (right)

ANN-MB-00 L1 ANN-MB-00 L2

For calibration, gaps
have to be filled

() For the azimuthal
averaging, less
confidence is given
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To obtain an ANTEX entry for the new antenna, the short baseline residuals are
added to the already existing ANTEX calibration of the base station antenna

The new ANTEX entries are used in the ZTD estimation
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ZTD EVALUATION

IGS DLF1

RESULTS CONCLUSION

(Trimble NetR9 receiver)
LEIAR25.R3 LEIT

GPS Mark #15

(U-blox ZED-F9P receiver) :
LEIAR25.R3 LEIT
TRM55971.00 NONE

Trimble GA530
! Trimble AV28 !
: U-blox ANN-MB-00

no ANTEX
satellite ANTEX-only

(if available)

satellite + receiver ANTEX

elevation-corrected
ANTEX
azimuth-elevation
corrected ANTEX

: Bernese 5.2 PPP
' (US Naval Observatory) o IGS ZTD
: g (reference)
RINEX L1+L2 :
ZTD comparison
h
h 4
ANTEX file
> goGPS PPP > ZTD

17



INTRODUCTION METHODS RESULTS CONCLUSION

REFERENCE ANTENNA ZTD RESULTS

Mean ANTEX entries for these two ’ oot o sco oy
|\/| antennas have been used for 6 uIGS ANTEX
additional verification E ., H-corrected
.E m Az-el-comrected
ZTDs were estimated with goGPS s B .
|I I and compared to IGS ZTD stations = o 1
i

| =———= for DLF1 2
(10 meters from test site)

m No difference in performance
“31 between our calibration results and

the type mean ANTEX entries

El.-only dependent calibration is
performing better than the Az.-el.
dependent calibration

E\

ZTD RMSE [mm]
[=] ra E-Y m =] Q‘ l’\-ll -#l ﬂl IJ'.II

LEIAR25.R3 LEIT TRM353971.00 NONE
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https://github.com/goGPS-Project/goGPS_MATLAB

INTRODUCTION METHODS RESULTS CONCLUSION

OTHER ANTENNAS

M

s

Applying the calibrations
to the other antennas
results in a significant
improvement especially
for the observations with
a rectangular bracket

The ANN-MB-00
calibrated measurements
with a circular plane
performed best in our
scenario
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ZTD RMSE [mm]
w o

o

- . [ o
Trimble G& 530 Trimble AV28 Trimble AV28  U-blox ANN-MB-00 U-blox ANN-MB-00
(rect. bracket) (circular plane) (rect. bracket) (circular plane)

Trimble GA 530 Trimble AV28 Trimble AWV28  U-blox ANN-MB-00 U-blox ANN-MB-00
(rect. bracket) (circular plane) (rect. bracket) (circular plane)

No ANTEX  mOnly Satellite PCO/PCV El-corrected  ®Az-el-corrected
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SUMMARY

/‘/J« Improvements of the calibration on 2o -
J' dual-frequency observations X
illustrated in boxplots
lD_ l!S
//\ We also applied our corrections
7 using only single-frequency — 0
observations in a second run. Its £
ZTD estimations are of comparable E 10
quality to the reference values. N |
E Results for this can be found in the =207
article:
Krietemeyer et al., 2020 _3p 4
https://doi.org/10.3390/rs12091393
—40 - T T T T
Original Satellite El-mod. Az-el-mod.
ANTEX PCO/PCV ANTEX ANTEX
[ LEIAR25.R3 LEIT [ Trimble GA530 [ Trimble AV28 (round plate) I U-blox ANN-MB-00 (round plate)

[ TRM55971.00 NONE @ Trimble AV28 (rectangular frame) I3 U-blox ANN-MB-00 (rectangular frame)
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INTRODUCTION

HIGH QUALITY ZTD ESTIMATION
DOES NOT HAVE TO BE EXPENSIVE

the low-cost antennas are not practical

7 X

a level that is valuable for meteorological
applications (RMSE ~4 mm)

=@

as high-grade antennas

in the field

Without calibrations ZTD estimations with

With calibrations ZTD accuracy improves to

Results in ZTD estimations are of similar quality

The cost of the calibration is of the same order as
the equipment cost and could even be performed

Elevation-only approach is more robust than

requires further work

the azimuth-elevation maps. The latter one

METHODS

RESULTS

CONCLUSION
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