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A Geo++ is a company withainfocus A RTK in Indust@nd Practical Work

on A variety of GNSS applications with
A development of GNSS software requirements
and applications A accuracy, static vs kinematic,
A systemconception and design realtime vs posfprocessing,
A research and analysis nearreattime processing,

A project management AYVOISANRGES | OO0Saani

A consulting

A in all fields of GNSs&sed
positioning and navigation

TREASURE Autumn SchooR2 91REASURE

© 2018 Geo++® GmbH November, Bath, UK~



RTK/PPPIdeal System

A reception of all necessargference
and correctiordata

A flexiblecommunicationusing
different communication media
(unt or brdirectional)

A determination ofabsolute position
A (better)1 cm accuracy

A everywhere
A every time
A static/kinematic

Geo++ figure from the late 1990s
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Motivation

N
J

A Geo++ is a company withainfocus A RTK in Indust@nd Practical Work

on A variety of GNSS applications with
A development of GNSS software requirements

and applications A accuracy, static vs kinematic, real
A research and analysis time vs pos{processing, near
A project management reaktime processing, integrity,

Aconsulting I OOSaaAoAf AlezZ X

A in all fields of GNSEsed A RTK in Industgnd Practical Work

positioning and navigation A there are important issues in
practical work while settingp
RTK Networks (ﬁﬂ
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Practical Work SettingUp a RTK Network

(incomplete list of keywords)

N
J

A GNSS antennaprrection
A antenna type, consistent corrections, antenna orientations NRP, reference
LIZ2ZAYU !'wtX t/ £ D5x3X D[hb!{{ t/ xX2 a
A station setugenvironment

A station quality, multipath, nedield multipath, faff A St R Y dzf G A LI
A coordinates

A verification, determination, official and technical coordinates, Datum,
transformation to ITRF, platectonics, station velocity, tectonic events,

site displacement, local transformation, national system, height system,
AS2ARZ X
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Practical Work SettingUp a RTK Network

(incomplete list of keywords)

N
J

A GNSSatellite and receivebiases
A receiver type, firmwa[e, signals, GLONASS—BbdseABias, biases like
vL:-F OAllaSaz MHpPF OAl aSaz DDDF OAl :
A dissemination o6NSS correctiatata

A standardized format, parametrization of corrections (PRS, VRS, FKP, MAC, S!
broadcast service vs-Oirectional service, communication link, bandwidth
NBEIljdZANBYSy(iasz aoOlftlrofS aSNIWAOSaAZ | ¢

* Geo++ terminology for biases ( <
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Outline

A Practical Work SettingUp a RTK Network:
GNSS Antenna/Neand FaiField Impact

A GNSS Antenna Correction (1)

A Some Details on absolute PCV Field Calibration
A GNSS Antenna Correction (2)

A Insight from Series of GNSS Antenna Calibrations
A GNSS Antenna Group Delay Variation

A Near and FasField Impact

A Excursion GNSS Satellite Antenna

A Excursion Historical Review

A Summary/Outlook I3
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GNSS Antenna Correction (1)

5
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GNSS Antenna Correction

N
J

A status late1990s

A problemswith antenna corrections
from existing relative field calibration
methods

electro-magnetic
phase center

phase variation
(PCV)

A problemswith antenna corrections
from absolute chamber calibration

A phase center and variatioRCY
corrections urgentinpeededfor GPS
(and later for GLONASS) applications

with mixed antenna types phase center
(eg Network RTK, precise engineering / offset
GFraltasz Xo PCV =0
NULLANTENNA mechanical
(ideal center

isotropic antenna)

TREASURE Autumn SchooR2 91REASURE
November, Bath, UK

© 2018 Geo++® GmbH



GNSS Antenna Correction

A requirementsspecified for an GNSS
antenna calibration method

A separation ophase center and variation
(PCV) anthultipath effectyMP)

A absolute PCWndependent from any
reference antenna)

highresolution andaccuracyof
determined PCV

A
A independent from station and location
A

__________________________
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GPS GO POV )
[N Ry

(eg MP and geographic latitude)
field calibratiormethod

AOAD/M_T NONE GPS LO PGaithout offset) ( \
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Absolute* vs Relative PCV Corrections

N
< Q

0,030

A relative PC¥orrections ] L0
A reference antennaefined 0,020 -

AOAD/M_ T NONE ] m
A normalization of PCV of any antenna o /ﬁ_\
to reference antenna by relative calibratior —  , - __
A systematic biases caused by relative PCV a
A increasing with distance

abs PCV [m]

_0,010 1 I 1 I 1 I 1 I 1 I 1 I T I 1 I 1

A affecting modelling (eg troposphere) Elevation [
A affecting ambiguity resolution abs PCV L1
abs PCV L2
A absolute PC¥orrections GPS PCV of AOAD/M_T  NONE as PCV Lo

Aindependent from reference antenna (}
h?;‘.
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GNSS Antenna Calibration

characteristics of Geo++ GNPCV service today
primary task of calibration

¢ absolute
phase centeand-variation(PCV)

robot excellent instrument to determine additional parameters
¢ signal strength(carrierto-noise, CNO pattern)
¢ Group Delay Variatioi&DV) / Code calibration
¢ hearfield impacton antenna

separation of multipath in nedield and fasfield effects
¢ absolutestation calibratiorof multipath

antenna calibration provides (since 2000, GLO 2006, GDV 2008) &
¢ GPS+GLOLl1andL2PCV
¢ GPS + GLO S1 and S2 CNV il P
¢ GPS+ GLO P1 and P2 GDV —

* without impact of a reference antenna Geo++ robot withTPSPN_A5 NON

LAl

EGMSS conunon



Some Detalls on absolute PCV Field Calibration
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Development of Automated Antenna Mount

A orientation changesf GNSS antenmaquired
A mount for rotating and tiltingSNSS antenna
A precise, fixed and stable rotation point
A automation
A operational procedure
A finally use of @obot
A fast changes
A automated robot guidance
A reaktime

close cooperation with .
Institut fr ErdmessungUniversitat, Hannover (
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Multipath Elimination Techniques and PCV Separati

h
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SV 05 -8v 01 :msd8 — 1000 (MP—elimination)
T T

— day 266
— day 267

T
l day difference DDI.

— day 267 TD }

GP8-sec

A first approach(1997)
A siderial differences postprocessing
A observation on two days

A same geometry/environment
eliminates MP

A current approaclisince 2000)
A shortterm differencesn reaktime

A same MP for subsequent epochs
eliminates MP

A PCV reintroduced by orientation changes
(rotations and tilts) (

© 2018 Geo++® GmbH
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Detalls on absolute PCV Field Calibration

N
J

A homogeneous coveragd antenna
A 6000- 8000 different robot positions

A dynamic robot guidande reattime
A depending on satellite constellation
A optimizes observation time

A dynamic elevations mask
A uses high elevation satellites (AL8
A increase of cubff in tilted positions
A uses negative elevatiorbf)

A stochastianodelingof remaining
multipathfor every satellite

GNS®Dbservationcoverage

Cibzervaticns on Antenna Hemigphere - 24h Static (on MS0T)

* r24h_Stafic azel® -

Chasrvations on Antenna Hemsphera - RT Calitrafion {on M3DT)

b

© 2018 Geo++® GmbH
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Calibration of GLONASS PCV

N
J

A GLONASS hdifferent frequencies
for each satellite

A need for frequency dependent GLO PCV

A determination of DeltaPCV
(change of PCV with frequency)

A metric PCV obtained from combination
of GPS PCV und GLO DeltaPCV

A GLO PCYV can be extrapolated
to any other GLO frequencies
(ie reference frequency is k=0)

GNSS Frequencies
L2 L1

GPS GLO GPS GLO

1200 § 1300 1400 1500 1690 1700

Frequency [MHZz]

© 2018 Geo++® GmbH
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b
Combine absolute GPS PCV + GLO DeltaPCV ©)

A GLO DeltaPCV [m/25.0 MHZ]

A GPS PCYV plus GLO frequency difference * GLO DeltaPCV

A GLO PCV L1[m]= GPS PCV L1+
((1602.0 + channel _number * 0.5623)575.42) / 25.0 * GLO_DeltaPCV_L1

A GLO PCV L2 [m]= GPS_PCV L2+
((1246.0 + channel _number * 0.4373)227.60) / 25.0 * GLO_DeltaPCV_L2

&
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Calibration of GLONASS PCV

A frequency dependent GLO PCV
A converted to metric PCV
A frequency channd=-7 ... +6

A comparison of dPCV
reference is PCV for k=0

A antenna chosen for example has

large DeltaPCV
A magnitude in dPCV difference

GLO L1/L2 Frequencies
about0.5... 1.0 mm

A difference compared to GPS
up to several mm

GHLO ROL KO FCY ARF [m]
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Elevation [degree]
2013-11-28 Geo++ GnbH

example for GLO L1 PCV JAV_RINGANT_ G3T NONE ( oy
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GNSS Antenna Calibration

Geo++ GNPCV systems
robot-based absolute GNSS antenna field calibration

development byGeo++in cooperation with
Institut fur Erdmessunddniversitat, Hannover

marketing and enhancement/development
through Geo++ since 2000

in total six working Geo++ GNPCV systems

¢ 2000 Geo++Garbsen Germany (to be retired)

¢ 2000 ife, Hannover, Germany

¢ 2005 SenB, Berlin, Germany (retired)

¢ 2009 Geo++Garbsen Germany

¢ 2012 GSA, CanberrAustralia ‘ fa |

¢ 2013 SenBBerlin, Germany three robottest Mal 2012 Geo++ Garbsen

¢ 2018 Geo++Garbsen Germany (to be setup) g ﬁ
ife Institut fir Erdmessung, Universitat Hannover, Germ
SenB Senatsverwaltung fur Stadtentwicklung Berlin, Germ@

GSA Geoscience Australia, Canberra, Australia



Repeatability of Phase Offsets and Variations

A repeatability of absolute PCV antenna calibration

with robot

A three differentGNPCVYobots
robot operated
Geo++ in Garbsen
ife in Hannover
Berlin tested in Garbsen

A individualASH700936D ldntennacalibrated on
robot date of PCV calibration
Geo++ 2005-08-08
Berlin 2006-02-15
ife 200601-14

ife Institut fir Erdmessung, Universitat Hannover, Germany TREASURE Autumn SChooQZ.gllikaSum
© 2018 Geo++® GmbH Berlin Senatsverwaltung fiir Stadtentwicklung Berlin, Germany November, Bath, UK~ =~
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Repeatability of Phase Offsets and Variations

L0 GPSifferenceof PCV Elevation Dependent Difference from Type Mean
A individual ASH700936D_M antenn ... ASTITO0SaD TRCRIAA, Lo Pev
A three different robots o
A ionospheric free signal o
A magnitude PCV differences o
LO <1mm zﬁfj
above 10 deg oo

-0 50

RaLi i) -l -E
00200 3

A rule-of-thumb:
LO factor 3 worse than original signal B EeeaTs —— G mGets - 20080114
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Repeatability Individual Antenna

Repeatability after 2 Years
A geodetic antenn&SH700936D M SNOW

A differences LO PCV: average hm

A maximum at horizon about 4 mm

E E
& >
g g
Azimuth [*] 300 20 Elevation [] Azimuth [°] 300 20 Elevation [°]
0 0 .
after 2 months after 26 months (
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GNSS Antenna Correction (2)

5
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GNSS Antenna Calibration

ElLevation Dependent DLfferance from Type Mean
BFPHNULLANTENNA__MOME , SN UMKNORWN

A phase variatioiPCV without offset) TGRS
for different antenna types

0. 02000

A 266 antenna types
A Geo++ GNPCVDB database
A GPS L6ignal
A PC\ifference to GPPNULLANTENI
A magnitude of PCV

A up to several cm

A in high elevations

0.00500 —fms

[m]

0. 00000

-0.00s00

-0.01000

LGRS GO PCV

-0.01500

—-0. 02000

4
—0.0z500 —i

=-0.03000

b
-0.03500 | | ; | ;

LO ionospheric free signal redé thumb : i 20 30 an 50 6 70
LO effects larger by factor of 3 than original signals ().1, L2 Elevation [degree]
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Absolute GPS L1 PCV Pattern

A geodetic DMype antenna
A TRM59800 00 NO

0.0080

A PCV without offset = -\ /7

— 0.0020
O 0.0000

A L1PCV S e
-14 ... 10 mm 0o ]

A stdev (individual) <
0.1...0.4mm

0100

2
o o
[ 2 N
> @
o
o QO B,
3600
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Absolute GPS L2 PCV Pattern

A geodetic DMype antenna oo
A TRM59800_00 NOM
A PCV without offset

oy
L0774 ’0,:0.,’!"" £
”IIIII,;;;;;;;?;;;?,%%:IQ

. .
e
A L2 PCV e e
12 ... 5 mm g L
A stdev (individual) ,Lll
0.1...0.4 mm

5
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A GPS L2 PCV
4 ... +2 mm

A stdev (type mean)
0.1..0.4 mm

— 0.0007

0.00086
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Absolute GPS L0 PCV

.
c C AN
wo

W,

A rover antenna ZDDDDDE% '[ I 2 -.;.,;_,_,;
E 0.0040 ///,[% W - =
2 (P:(I_ZI\(/: ththrstNir)le ey //l////f/////% i 0%%\
without offse s e, , ////ISQQ

A GPS LO PCV o ‘H

-10 ... +4 mm i
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Insight from Series of GNSS Antenna Calibrations

i,
4
'
-
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Datel Bearbelten Ansicht Gehe zu  Communicator Hilfe.
4563 Soia 348 3

GNSS Antenna Calibratie®eo++ GNPCVDB Data

absolute PCV type means

type means computed from several [ o
iIndividually robotbased calibrated antennas
rigorous adjustment using the complete ‘
variancecovariance matrix of individual calibration||

November 2018

te anternar

¢ 334 different antenna types T
¢ 2705/7718 individual GPS antennaedlibrations
¢ 1316/3679 individual GPS+GLO antennzalibrations J

free access to informatioam PCV pattern (graphiddRPund NRRlefinition, etc.)
certain type means are provided to IGS/EPN (sé&®dgsl14.aix

license for actual access to absolute PCV (numerical values of PCV)
http://gnpcvdb.geopp.de/ (

L1

EGMSS conunon


http://gnpcvdb.geopp.de/

b
Offset Analysis Diype Choke Ring Antennas tg_ A

Offsets DM-type Antennas

horizontal offsets Brand A B c D E
. 0.006 —1—T—T1 1 N L B I L
A 5 different brands i 2 L1 Norh] -
< |1 East
A 8 DMHype antennas 0004 |- . . ¢ L2Norin
A with or without radome not i 1
. . . "= 0.002+— ]
distinguished = | _
A remark offsets not suited to S b |
describe PCV, s |
however, offsets are also azimuthal PC\ £ 0002 ) N
A obviously ol N . {
A outliers

A significanthanges in model series 006l L+ L+ 1L+ 1 1 1w 1w w1y ]
0 20 40 60 80 100 120 140 160 180

continuous number [-]
)
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Offset Analysis Diype Choke Ring Antennas

N

Offsets DM-type Antennas

helght offset Bor_a1r:ld f\ | |B| - _ f: - I I|:) I.E |
A dimension of antenna basically _ o LiHeight]

identical 013 mditid]
A height offset from calibration muct ] e

weaker than horizontal offsets ?’"2_ i F“"‘"“'y o H—M..M“-

O 011 ]

A standard deviation 5

over all antennas about 2 mm T i
A different height level 00s|- 'qf.q"q!M. o ‘mx.::: -"5:'

for different model type N

0 20 40 60 80 100 120 140 160 180
continuous number [-]
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N
Insight from Series of GNSS Antenna Calibrations [@ A

A experiences from numerous antenna calibration
A one can observe

A individual characteristics of antenna

A outliers compared to type mean

A changes in model series

A modification of antenna model

A assembling errors
A recommendatiorfor precise application

A individual calibrationf antenna

TREASURE Autumn SchooR2 91REASURE
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Youwantto seeyour PC\pattern?

A ANTEXile with one singleantennacanbe visualized
A Geo++ GNPCVZPMGSSIble at € © woxgeopp.de/gnpcv2pdf/indexhiml & Q Suchen Y B8 + A& d

A http://wox.geopp.de/gnpcv2pdf/indetml ©

Home

A a pdﬁfi I e iS Se n d to yo u bym ai I ANTEX-File: ANTEX file with —UPLOAD

PCV corrections of a single
GNSS antenna to be uploaded . i . . .
and visualized Please enter path and ANTEX file with PCV to be uploaded and visualized with
GNPCVDB2PDF
Search... Open a file chooser
to search an ANTEX file in the
Lesezeichen X local directory ANTEX file: Durchsuchen... = Keine Datei ausgewahlt.
) S \ SN: Mail-Address email address
() JFVRNGFSE:‘JGR&%T?;@ R 000 . i Please enter an e-mail address to send to the resulting PDF-file with visualized PCV
@, - = to send to the visualized PCV
W as a PDF-file
A Upload Upload the ANTEX Mail address:
m GPS GO1 PCV [m] — input data to server and start
i 9-0130. processing
0.0250 .
m GPS GO2 PCV [m] 0.0200 | \;'“’7—‘\\ Cancel Remove all input Upload Gonres]
m A— [ ] ’é 0.0150 > E "’\\L~4 4 strings from the input fields
m ¢
- 0.0100 ////////////["""3‘ J 7 7
%) = W ' 0% ] Copyright © 2013 by Geo++ GmbH. Al rights reserved
@ 0.0050 7 //II/III, "" o \17\4' 0,000
[ GLO RO1 PCV [m] < & 0.0000 ///////I"I'l""l | -
A [z | A
[ GLO R02 PCV [m] ® ~0.0100
~0.0150 Thank you for using Geo++® GNPCV2PDF.
ﬂ GLO RO PCV [m] 0:90%0 You will receive the visualized Your uploaded ANTEX file Is processed with the job id da72b9fg and
PCV from the uplnaded ANTEX GNPCV2Pdf version 1.0.1.221.
o :
N GPS GO1 PCV Stdev [m] & m;::::&:;ﬁ*invl.::e:‘a" The visualized PCV file will be sent as a PDF-file to the following
mail address ms@geopp.de
<
o
Click here for next upload or Quit
[ GPS G02 PCV Stdev [m]
ﬂ GPS GO1 AZI PCV [m] 2017-03-30 Gaoss GmbMH
36‘0@ S Copyright @ 2013 by Geo ++ GmbH. All rights reserved
M ~nc~An asinmre Vi . -
TREASURE Autumn SchoeR2A9iREASuRE
© 2018 Geo++® GmbH :
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http://wox.geopp.de/gnpcv2pdf/index.html

GNSS Antenna Group Delay Variation

dh
7
-
-
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GNSS Antenna Group Delay Variations

DM-type geodetic chokering antennas
TRM159800.00 SCIS
TRM159800.00 NONE
TRM59800.00 NONE

¢ JAVRINGANT DM SCIS
geodetic chokering antennas
¢ HXCCGX601A  HXCS
¢ HXCCGT7601A HXCG
geodetic antenna

¢ TRMA41249.00 SCIT
rover antenna

¢ SOKGCX3 NONE

¢ IGAIGS NONE

NH N N

geodetic chokering antenna
DM-type

geodetic chokering
antennas

rover antennas

.
Fa
.‘L_ " ¥ ‘

geodetic antenna with SCIT

DM Dorne Margolin element

3

2

PPN o LeTOATE
EGMSS conunon



GNSS Antenna Group Delay Variations

examples of som&DWattern

¢ geodetic choke ring
antennas with and without

radome

¢ geodetic antenna with radome
¢ rover antennas
significant effectéor code sensitive

applications

(egPPP utilizing MelbourrAé/tibbena

linear combinatioh

—a— #5FFHULLANTEMMNA

—=— TRM15S9300, 00 SCTS
TRHM1S3E00, Q0 HOME
—8— TRMS5SS00. 00 HOME
AAVRIMGAMNT _OM SCIS
HXCCEXE01A H+CS
H¥XCCES501A HHCIls
—a— TRM41249 .00 SCILT
—o— [E5AIGES FOME
— 88— S0OKGCEKS HOME

[Coocdet Lo
[Ceocdetlc
[Boodat Lo
[Beodatic
[Bemodatic
[Goodatio

[Goodat Lo

[Fowar ]
[Fowar ]

Chole)
Chole)
Cholwa ]
Chaolcal
Cholca]
Chaokal

PSS GO GOV ARF [m]

0.20000

0.10000

0.0oaoo

-0.10000

-0.20000

—-0.30000

-0.40000

-0.=0000

-0.60000

[ +)Q

1] 1

o

=0

50 40
FlevatiLon

S0 50

[degree]l

70

S0

a0

2017~

52,
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Near and FatField Impact

5
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Station Dependent Errors

A benefits separating of individual error components
A PCV and multipath effects are most important station dependent errors

dS = PCV + MP

PCV => absolute GNSS antenna calibration

multipath => difficult to calibrate, therefore model highly variable
total MP in an operational procedure

A strategy toseparate neafield (NF) and fafield (FF) multipath

dS = PCV + NP+ MP-

TREASURE Autumn SchooR2 91REASURE
© 2018 Geo++® GmbH November, Bath, UK~



h
NearField Multipath: Causes [ > A

‘ ‘ A antenna neaffield depends on
A antennatype (plus radome construction, ...)
A mount/setup(tripod, tribrach, adaption, ...)
A stationenvironment(pillar, roof, ...)

A weatherconditions (reflecting coefficient,
snow, ...)

A effect on signaldue to
A reflection
A diffraction
A imaging electro-magnetic interaction

TREASURE Autumn SchooR2 91REASURE
November, Bath, UK
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NearField Multipath: Theoretical Impact

A horizontal reflector close to antenng _| -
oﬁv’vﬁ/‘\

A impact also in high elevation

(pillar setup)
A low multipath frequency

MP [m]

A no averagingver time, bias

[\

|

A

AN

[=. W

=]

=< .

=] (
L

A systematic positioning error

A typical setup of antenn@ripod setup) ...|

A high multipath frequency
A impact over complete elevation

MP [m]

range, systematic effect

A averaging over time

© 2018 Geo++® GmbH
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Station Dependent Errors: Different Treatments tl_‘ O)
_

Antenna elevationand calibration of PCV and GD\
azimuth dependent usingrobot
PCV and GDV

Multipath  MP,..rfieid long-periodic, calibration of neaifield
systematiceffect, effectsusing robot/
bias In-situ station calibration

- or avoid
MP. siciq short-periodic, averaging over time,

systematiceffect absolute station calibration

or weighting (CNO), siderea
differences (GPS only)
- or avoid Py

TREASURE Autumn SchoolZZtglm ASURE
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NearField Multipath: Robot Calibration

A determination of neafield effectwith
precise robot calibration

A standard deviation 0.2 to 0.4 mm
A repeatability 1 mm, except close to horizon
A representative neafield environmentequired

A constant geometric relatioantenna/neasfield
despite movements of antenna

A calibration provides
PCV + MR

A separatiorobtained througtdifferenceof
calibrationwith/without nearfield environment il die 2
and antenna | e 1w (

TREASURE Autumn SchoeR2 91REASURE
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NearField Multipath Results

N
J

A mm ... cm PCV changes
A but, amplification and
A dependency on
A linear combination (LO)
A tropospheric modeling

A satellite constellation
A elevation mask

A ..
A effect in position domain
A height much higher affected

© 2018 Geo++® GmbH

LO DPCV [m]

0.010
0.008
0.006
0.004
0.002
0.000
-0.002
-0.004
-0.006
-0.008

-0.010

examples of geodetic and rover antennas

LO dPCV GPS standard vs #edd calibration

20 30 40 50 60 70 80 90
Elevation [°] (¢) Geo++ GmbH, 06.11.2008

—— 1 TPSPG_Al+GP+M CONE
—— 2 TPSLEGANTZ E+TM NONE
—*— 3 TPSCR3 GGD+OUB CONE
4 TRM29659.00+PS TZGD
5 TPSCR3_GGD+ADF CONE
—— 6 LEIAT504GG+DFB NONE
7 LEIAT504GG+SFD NONE

5 6 7 TREASURE Autumn SchooR2 91REASURE
November, Bath, UK




Real Life Example from RTK Networking

A TPSPG_AGNSS rover antenna

A 10 cm prism spacemnd special
construction with two
ground planes cé 14cm

A target device for classical surveying

A L1 PCV differenaayainst regular
calibration E
A 10-30Aelevation S Y. /"
A mean ca. 3 mm maximum 6 mm A r " !// Illll I Al 1 -
< ‘ ill /”///;;;llililll;[%%””””’ I
W11 7 o

A 40-70Aelevation
A mean ca. 1 mm maximum 2 mm piman ] 900 1! 20 Eievation [ (

TREASURE Autumn SchooR2 91REASURE
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Real Life Example from RTK Networking

A TPSPG_AGNSS rover antenna

A 10 cm prism spacemnd special
construction with two

ground planes cé 14cm

A target device for classical surveyin 2”2:;7”’_’i_‘f__':A,.,’.‘,',..,_.__“__A.._A,_.___ ..... —
A L2 PCV differenaainst regular _ ‘;‘;‘;i
calibration = ot M,
A 10-30Aelevation 3 222}
A mean ca. 4 mm maximum 8 mm ggﬁb
e

A 40-70Aelevation

200 T 40
A mean ca. 1 mm maximum 4 mm Azimuth [] 300 " 20 Elevation [°] ( ,
0 % 3
© 2018 Geo++® GmbH TREASURE Autumn SchooR2 91REASURE

November, Bath, UK



Real Life Example from RTK Networking

A amplificationfor LO PC\

A LO PCYV differences ag
A 10-30Aelevation
A maximum-18 mm
A 40-70Aelevation
A maximum +5mm
A repeatability of five

antenna constructions
ca. 4 mm

A also individual PCV
and neaf#field
components of
antennas present

DPCV [m]

0.006

0.002

0.000
-0.002
-0.004
-0.006
-0.008
-0.010
-0.012
-0.014

-0.016

N
J

—e— 3080277
T —— 3080343
/:'\\ —»— 3080404
= = 3080502
/ '\‘\LH‘ 3080775
2 —
:{ / \ /
3 \
: \ //
3 /
] T
_0.018 T 1 T T I T | 1 T L] T l | l T L) I I I
0 10 20 30 40 50 60 70 80 90
Elevation [°]

© 2018 Geo++® GmbH

TREASURE Autumn SchooR2 91REASURE
November, Bath, UK



Real Life Example from RTK Networking

N
J

height errors from
n X 1 0OY

o T> T T

T>

Kadaster, The Netherlands, 2006
NETPORTK Networf31 stations)
81 control pointsof Dutch network
10 RTK measurements with
10 initializations each time
without neakrfield correction
A time and spatial dependent height errors

A mean ofsystematic height erras
31 mm (81points)

with neakfield correction
A free of systematic height errors

A mean height difference is
-2 mm (49 points) (%

© 2018 Geo++® GmbH
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GNSS Antenna Correctioimpact

N
J

A not rigorously correcte@NSFC\bf reference station antenna
maycause positioning errofsr the user

A in general impact is transferable to any deficiency in GNSS antenna correction
A mm in PC\omain may causem in positiordomain errors
A cause ar¢ime-and locatiordependent amplificationgrough
A linear combination (LO)
A inter-action troposphere modeling
A satellite constellation
A elevation mask
A heightcomponentmainly affected
A but alsopotential effecton userpositioning algorithms I3

TREASURE Autumn SchooR2 91REASURE
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Excursion GNSS Satellite Antenna

5
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Excursion GNSS Satellite Antenna

A GPS Block II/IIA Satellite Antenna
A 2008 cooperative project NGS, Boeing and Geo+-
A GPS Block II/lIA antenna with 14.4 kg, @ 1.34 m
A small area of interesibAcone, but data >3Bused
A improved coverage due to robot

A estimation ofL1 and L2 PCV

A elevation and azimuth dependency

A not affected by GNSS errors (eg ionosphere,
troposphere, etc) due to short baseline

A currently offsets and pure elevation dependent PC 1
derived from global networks — (

TREASURE Autumn SchooR2 91REASURE
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GPS Block II/lIA Satellite Antenna

0,002 5 0,0100
: 0,0075
0,001 - 0,0050
'E » E L1 E 0,0025
> 0,000 - —h— L2 g - Zfi)f;ﬂzi
o ] - \‘\‘:\::\‘:\“‘.‘:":"'::" -0,0050
-0,001 4 \\\“\:‘:“" -0,0075
] -0,0100
20,0002 oo
L e L L L BB
725 750 775 800 825 850 875 90,0 wzimith [degl 3% 75 elevation [deg]
elevation [deg]
pure elevation dependent PCV 0100
e 0,0075
A = : 0,0050
mm magnItUd@f § , T d 00025
. G 00000 " Y - 0,000
5 il -
pure elevatiordependentPCV il
- 00078 - l('l[lllfl" 4 .0,0075
= . . ' ',I/// ]
A azimuthal PC¥t 15Azenith distance range fron <= |||||W
0
-8 ... +6 mm for L1 PCV
et [dedl 75 elevation [deg]
-4 ... +2mm for L2 PCV elevation and azimuth dependent PCV (%
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Calibration of GNSS Satellite Antenna

A demand forconsistency of
absolute receiver PCV and satellite PCV

A provides consistency for
A station coordinates/terrestrial scale
A orbit parameters
A troposphere
A

A general GNSS performance improvement
for certain applications

TREASURE Autumn SchooR2 91REASURE
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Excursion Historical Review

5
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N
Development of Absolute PCV Field Calibration [ » A

driven by Geo++ mainly due to need for RTK network

A siderial day differenc€4992), first PCV calibrations (192993)

A close cooperation with IfE (since 1995)

A spherical harmonics PCV model, gasicessing with GEONAP (1995)
A development ointenna mount$1996-2000

A absolute calibrations and detailed analysis (19939)

A automated absolute PCYV field calibration in-teaé using robot (2000)

A operational absolute PCV field calibratisimce2000
A X

TREASURE Autumn SchooR2 91REASURE
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N
Development of Absolute PCV Field Calibration [ » A

A publication of absolut®CV for AOAD/M_(Z000

A proposal of GPP_NULLANTENNA (2000)

A absolute PCV supplied for analysis/verification/use (200Q)
A Geo++ GNPCVDB antenna database (2001)

A estimation of Carrieto-Noise Pattern S1, S2 (2000)

A GLONASS constellation sufficieniGhO PC§2006)

A IGS switch from relative to absolute RQ¥05.atx)
with introduction of ITRF2002{06

A calibration 0oiGPS BLOCKII/ti#ellite antenna007)
A X

TREASURE Autumn SchooR2 91REASURE
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N
Development of Absolute PCV Field Calibration [ » A

A development of robot sektalibration (2007)
A calibration of Group Delay Variatio®D\/Code Variation2008

A updated set of antenna calibratiol@S igs08.at2011)
adopted with new reference frame ITRF2008

A updated set of antenna calibratiol@S igs14.at2017)
adopted with new reference frame ITRF2014

A X

TREASURE Autumn SchooR2 91REASURE
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Summary/Outlook ( f
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Summary/Outlook

A importance of
A verification oiGNSS station setup
A GNSS antenna correction
has been worked out
A insight from series of GNSS antenna calibrations recommends
A individual antenna calibratidor precise application
A impact of neaffield multipathcan have significant impact on positioning

A proper antenna/setup hasenefitsin
GNSS positioniragcuracyor GNSS servigeovider and user

TREASURE Autumn SchooR2 91REASURE
© 2018 Geo++® GmbH November, Bath, UK~



General Classification of GNSS Terminals

<
. |Geodetc  |Rover | Handheld

frequency bands Multiple single/multiple single, L1
radiation patters tightly optimized controlled uncontrolled
phase behavior characterized and moderate, not not relied upon
compensated in 3D compensated
multipath suppression excellent good none
dimensions large medium small/very small
weight heavy portable almost none
cost high medium very low

(from Chen, X. et al. (2012). Antennas for Global Navigation Satellite Systems. John Wiley & Sons.) ( > 4
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Summary/Outlook

N
J

status GNSS antenna correction is the urgeed for

¢ antenna PCV correctionsrew frequenciesind GNSS
6S3 Dt{ [pX DIftAftS2 9c¢cX D[hb!{{ [ o:

¢ azimuth dependensatellite antenna&orrections

¢ group delay variation&DV
requirementso resolve issues

¢ consistency
with existing PCV pattern

of PCV and GDV pattern
of satellite and receiver antenna pattern
¢ update of ANTEX exchange format

IHERSURE
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Thank you

for mounting

your antennas
away from
reflecting surfaces!

from: Ray, J. (2008). Systematic Errors in GPS Position Estimates.
IGS Workshop, May 11, Darmstadt, Germany.

&
!/h %
:
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A backup

5
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Susceptibility of Antennas to Rain

A Dorne Margolin type GNSS chokering antenna
A what about rainfall and use of a radome?
A NONE
A drop forming
A solid water at bottom of chokerings
A SNOW radome
A dry reception element and chokering
A from direct rain
A drop forming
A water layer (or moisture) on radome

5
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b
Controlled Rainfall during Absolute Antenna Calibra |Q‘

] ] Sprinkling of ASH700936D_M SN
A antenna calibration during antenna calibration

A underdry weatherconditions §4 ..,

A wet weatherconditions using
lawn sprinkler

A approximate rainfall intensity
10 ... 20 mm/h during calibration |

A rainfall intensity Germany
moderate rainfall 5 mm/h

heavy rain 30 mm/h
violent storm > 50 mm/h
Sprinkling of ASH700936D M NONE ;
during antenna calibration (
© 2018 Geo++® GmbH TREASURE Autumn SchooR2 91REASURE
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Susceptibility of Antennas to Rain

0.012 7

N
<

0.011 %

A PCV changes due to rainfall

0.009

for ASH700936D M

0.007 3

0.006 3

0.005 3

A NONE  GPSLG 3mm |
A SNOW  GPS LG 10 mm Y

0.001 3

A significant compared to PORS —

0.004 3

DPCV [m]

. . oo -0.003 /
repeatability of individual 0000 L]
ante n n a Elevation [°]

|—'— none _dry —&— none_rain —*— snow_dry s snow_rain|

A chokering antenna with

¥ & &
radome more affected x ( 3
LO ionospheric free signal TREASURE Autumn SchooR29IREASURL
November, Bath, UK
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Findings from Controlled Rainfall

N
J

A PCV changes due to rainfall

A systematieffects inprecise
heightdetermination

A coordinates changes under
changing weather conditions

A reception characteristics will
be superimposed by multipath=

A needs further analysis with 5
different antenna types and
differentradomes

07/11/8 18:39

se=  verification using static, short baseline experiment

& supports results of antenna calibration; 3 to 4 mm heig}
changes due to heavy rain while using investigated ant
model ASH700936D_M SNOW. (
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