N

™\

GOP analysis centre — 2012/2013

© o

J. Dousa, P. Vaclavovic

(ian.dousa@pecny.cz)

Geodetic observatory Pecny
Research Institute of Geodesy, Topography and Cartography
Czech Republic

November 28-29, 2013, Copenhagen, Denmark

2
a
:
<
S
o
o
€
©
>
£
S
g
o
o
S
Lt
2
o
3
o
s
-
2
=
£
&
o
3
+4

Geodetic Observatory Pecny (GOP)
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GOP (near) real-time ZTD solutions

Regional GPS solution (official solution)

4-h data batch of basic processing
12-hour NEQ stacking for troposphere estimation
28-day NEQ stacking for precise coordinate solution

Global hourly solution (official solution)

Derived from regional solution, need for a high solution robustness
Station-specific quality, additional product filtering based on formal errors

Regional GPS+GLONASS solution (testing)

Operational GPS+GLONASS solution in parallel
Evaluation vs. GPS (the official solution)
Additional stations in Greece (19) & Latvia (23)

Real-time solution (demonstration campaign)
G-Nut/Tefnut — in-house software for PPP strategy and IGS products



Basic characteristics

GOP NRT processing features:

1 Bernese GPS software v.5.0

(8

1 Inputs: hourly GNSS data and precise IGU/IGV orbits (precise clocks not necessary)
I Processing starts at single server every hour at HH:20, HH:28, HH:40
1 4 hourly data batches and normal equations (NEQ)

GOP ZTD characteristics:
~ ZTD product (HH:00 — HH:59) - linear trend model

(piece-wise linear function)

Data collection

~ ZTD product filtering:

| min 4 hours in NRT ZTD solution
~ min 2 days in NRT CRD solution

GPS global 130 sites = 7min
L

Research Institute of Geodesy, Topography and Cartography
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GNSS regional network processed in GOP

" Sites processed by GOP AC [GPS—met%ﬁzg%ﬁ%ﬁg
B2 popats %
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>
f GOP near real-time ZTD comparison (monthly)
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ZTD mean bias/sdev [mm]

ZTD mean bias/sdev [mm]
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Time-series of monthly ZTD comparisons [GOP-NRT GPS regional - EUR-repro1]
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Global network processed by GOP

GNSS network processed at GOP analysis centre
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ZTD mean bias/sdev [mm]

ZTD mean bias/zdev [mm]

GOPG - NRT global solution (weekly)

Time-series of weekly ZTD comparisons [GOP NRT global - EUR-repro1]

w.r.t. EUREF
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&/ Operational NRT multi-GNSS GOP ZTD

Multi-GNSS ZTD started after GPS week 1632 (IGS08 PCV+PCQO models)

» Using the same strategy as GPS official contribution to E-GVAP, but more
frequently exploit robustness of GOP NRT solution than stand-alone GPS

» Testing unofficial IGV (GPS+GLONASS) ultra-rapid orbits
» With exception of June/luly (leap second), running continuously
» Compared with GPS (official) shows slightly better Sdev and Bias

Time-series of weekly ZTD comparisons [GOP-NRT GPS/GNSS - PP_IGSREP1]
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G-Nut software library, user applications

Goals & Status:
G-Nut generic library for developments of GNSS applications

Open-source tools for user applications (available under GNU GPLv3)
G-Nut/Geb — precise positioning (static/kinematic)
G-Nut/Tefnut — troposphere monitoring (real-time/post-processing)
G-Nut/Anubis — data editing, cutting/splicing, QC monitoring tool
G-Nut/Shu — tropospheric models based on NWM data

Main characteristics

written in C++, object oriented design, supporting multi-thread applications
command-line application design for Linux (future support for Windows/0S-X)
multi-GNSS (RINEX-3.2 compliant — GPS, GLONASS, Galileo, BeiDou, SBAS, QZSS)
various adjustment methods (LSQ, Kalman/srcf, back-smoothing, NEQ stacking)
(near) real-time and offline processing in PPP mode

configuration via XML inputs (file, standard input)

Research Institute of Geodesy,Topography and Cartography
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Vaclavovic P., Dousa J, Gyoéri, G. (2013), G-Nut software library - state of development and first results,
Acta Geodynamica at Geomaterialia, pp 431-436, Vol. 10, No. 4 (172), doi:10.13168/AGG.2013.0042.




Example configuration for Tefnut (PP)

[ www.pecny.cz/sw/support/TEFNUT _PPxm

I%emthbynmneorith Options
=config= OUTLINE
it v config
“heg= "2000-01-01 00:00:00" =/ 'beg=
=end= "2049-01-01 00:00:00" =/ end= ¥ . gen
=5ys= GPS =/s5ys5:>= beg
“rece= NICO WTZR ZIMM =/ rec= end
_ﬁint:>300 =/int= oy
=/gen=
=inputs= fEE
=rinexo= ../data/obs/wtzr3600.100 </ rinexo= it
=rinexo= ../datasobs/nico3600.100 </ rinexo= B inputs
=rinexo= ../data/obs/zimm3600. 100 =/ rinexo= . R —
=rinexc= ../ /data/prod/igsl6160.clk_30s =/ /rinexc=-
=5p3= .. fdatasprod/igslelE0, sp3 =/ sp3= log
=atx= .. /data/gens/igs0B_l664. atx — atx- PRR
=/inputs= =mt
=outputs append="false" verb="1"= rec  id: WTZR, name: full name, X:, Y:, Z:

“log=tef-pp.log =/ log=
=ppp= §lrec) . ppp </ppp=
=smt= % rec).smt =/ /smt=
=/outputs=
<rec id="WTZR" M=t oY=tz g
=process tropo_model="saastamoinen" tropo_mf="gmf" sig init crd="100" sig_init ztd=

name="full name"

=filter method="srcf" rndwk_ztd="2" /=
Sconfig=

process  tropo_model: saastamoinen, tropo_mf. ..

fiter method: sref, rndwk_ztd: 2
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Main Menu

7] Home

7] GNSS

o sofiware
o G-Nutsw library

a Geb (app)
o Tefut (app)

0 Anubis

o observations

o data center

o roposphere

o precise orbits

o reference frame

[ reprocessing

o EUREF-Czech-2009
o projects

1 DORIS

7] Gravimetry

[7] Database

] Links

[7] Search

[7] positions
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TEFNUT APPLICATION

Page 102 Tefnut application
S : : ; L : i News
"Tefnut" are called end-user applications designed to estimate tropospheric path delays in various processing modes. Below applications are All Pages

implemented using the G-Nut core library developed atthe Geodetic Obsevatory Pecny. A comparison of supported capabilities is available in the
feature matrix. All applications are released under the GNU General Public Licence.
Figure shows an example of Tefnut's real-time troposphere monitoring in real-time mode using IGS RTCM clock and orbit corrections.

ZENITH TOTAL DELAY [ZTD]

e TemutPP is free open source lite Ape 09, 2013 [1724] @ GOP

application aimed for the post-processing = MET_RT - TEF:RT
mode. 2160 | — MET_RT - BSWMNRT GOPE
o TefnutRT is free open source lite o Y P
application aimed for the real-time 5 2200 - - > Ntevie .
processing mode. 2 22 femmened W
8 2240
The source code of lite applications are available N % .
: 3 2250 Examnple Tefnut real-time
here and example configurations at the support 2280 troposphere monitoring in a real-
center. 2300 “——time mode
04. 07. o7 08 08. 09 0. 10
00%‘3 1200 LIRS ) TZ0 QU 12.06‘ 002% 12 00%%' l2,%%' 00%%' |2:)%’ 00%

e Tefnutis non-free application providing
enhanced capabhilities while including all
processing modes (RT, NRT and PP), improved models and more flexible use. The release is under preparation and planned for the second half of 2013.

Support - the current lite version is provided as a heta release and still undergoes final consolidations of the core library. The software is provided "as is" and without
warranty of any kind. The supportis given on a best-effort basis only. However, if you find G-Nut/Tefnut application(s) useful for your work, consider supporting its further
development by ordering the enhanced version and we will try to give you a priority in the support.

Other related questions could be sentto gnss@pecny.cz (J.Dousa/P.Vaclavovic).

News - in order to keep informed about news you can join the G-Nut mailing list.

Prev Next>>|




z@‘-"b Initial evaluation benchmark (various modes)
S

44-day statistics (2 April — 14 May 2012) with respect to IGS/EUREF reprol
Various modes of gNut-Tef settings:
a) CRD static or kinematic

(8

> . .
g b) real-time (RTCM) or offline (SP3+CLK)
o
S
a
(&)
200 1 Bias @ Sdev | o ' ' ' ' ' ' ' ' 1 Bias = Sdev ¥
E 150 5.0 ]
% 100 Y I (_i_’
2 s ) i} : { 5.0 1 |
j: Dol iENelngl: Dnndelmide @
" 50 — , -7 — X 7))
20%° goR' gaSt GOPE S\ ((CO SP gpEV o018 TR (g8t ¢00° GOR' @St (oPE s\ (CO NS opBV 0TS (TIP (g8t
38
200 £ Bias 03 Sdev | , o ' ' ' ' ' ' ' ___CiBas @ sdev | @
E 150 5.0 .g
é 10.0 - J__" I-l—_|7 [] _ 5 ﬁ| 30 b J_—” ’_ﬂ S ,Jj’ ’-E‘—[ ! i - f
i ddn i dandnndnle iz
(vl dael: SRERIRBTRTR i
5.0 ‘ ‘ . | 1 — : ‘ ——| 50| , X [~
2000 goR' gaSt OPE 8! (O NP opEb @0t TR (ee® 2000 goR' gast oPE \pS' (O NSP oV 0TS (TR g8t
® 9
[ . R o
L static mode kinematic mode

std dev 5-9 mm! Not dramatically worse !
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Real-time demonstration campaign

Feb-Oct 2013 — 18 European and 18 global stations, various RT products & settings

Research Institute of Geodesy,Topography and Cartography
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ZTD [meters]

ZTD [meters]

Real-time benchmark - initial results

ZENITH TOTAL DELAY [£ZTD]

Apr 10, 2012 [14:03] @ GOP

1010. %r

2380 | —— MET RT- TEF:AT ' LA ' ' ' '
o400 MET_RT - TEF:RTO1 == &x FDEL
s MET_RT - GLO:NRT
2420 e
2440 Mot
2460
2480
2,500 |
2520 |
2540 | . . . . . . . . .
05, Apr 05, Apr 06.Apr 06, Apr 07 .Apr 07 Apr 08 Apr 08.Apr 09.Apr 09.Apr 10.4pr 10.Apr
00:00 12:00 00.00 12:00 Q000 12:00 0000 12 00:00 12:00 0000 12:00
ZENITH TOTAL DELAY [ZTD]
Apr 10, 2013 [14:03] @ GOP
2260 MET AT - TEF:AT ' ' |
2300 MET_RT - TEF:ATO1 HOFN
2,320 s MET_RT - GLO:MRT | -
- -.q"rm . -
2,340 e it ¥
2,350 ey, o -
' Wy g it R obumenlpnny ouniEsna
2,380 B
2400
2420 |
2440 |
2480 : : : . : : : . :
05.Apr 05, Apr 06.Apr 06.Apr 07 .Apr 07 Apr 08.Apr 08.Apr 09.Apr 09.Apr 10.Apr 10.4pr
00:00 12:00 00:00 12:00 0000 12:00 00:00 12 % 00:00 12:00 00:00 12:00

GLO:NRT - GOP (Bernese) near real-time global solution
TEF:RT - GOP (Tefnut) real-time ZTD solution (coordinates static)

1010. %r
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ZTD [meters]

Real-time benchmark - initial results

ZEMNITH TOTAL DELAY [£TD]

Apr 11,2012 [12:25] @ GOP

2340 | —— MET _RT- TEF:AT ' ' ' '

2,360 '-MHQEF:HTM MALL
WNAT “""""\"

2.380 GLU®:NRT \ o N

2,400

2.420 f_\
2.440 e
2460 | : :
2.480 |
2,500 . . . . . . . . .
Toob G200 oooh  1o0d  ooob  Uzod  oogs 1200 OG0 iZe0  o0ood 1209 0600
ZENITH TOTAL DELAY [ZTD]
Apr 11,2012 [13:25] @ GOP
2280 | —— MET_RT- TEFRT
5300 MET_RT - TEF:ATO1 ONSA
——— MET_RT-BSW:NAT
2320 [ . MET_RT-GLONRT Www o
2.340 -.““nu.._':,
2.360 | Tl Wy . g
2380 \ k,f\
2.400 v
2.420 |
2.440 | . . . . . . . . .
Toob G206 oooh  1o00  ooob  Usod  oogs 1208 OG0 1200 0oos 1209 0000
EUROPEAN STATIONS

BSW:NRT — GOP (Bernese) near real-time regional solution
GLO:NRT - GOP (Bernese) near real-time global solution
TEF:RT - GOP (Tefnut) real-time ZTD solution (coordinates static)
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ZTD [meters]

ZTD [metars]

Real-time benchmark - initial results

ZEMNITH TOTAL DELAY [£TD]

Bpr 10, 2013 [14:03] @ GOP

2980 | —— MET_RT- TEF:AT ' ' # ' ' ' '
MET_RT - TEF:KIM
2520

- GLO:NRT

2.340
2.360
2.380
2400 F
2420 F
2440 +

5. Apr 05.Apr 06.Apr 0&.Apr 07.Apr 07.Apr 8. Apr
12 !

UB.%r 09.Apr 09.Apr 10.4Apr 10.48pr 11 .%r
0000 0o 0000 12:00 00:00 12:00 0000 12: 0C:oo 12:00 00:00 12:00 00:

Apr 10, 2013 [14:03] @ GOP

2140 | —— MET_RT- TEF:RT ' ' ' '
MET_RT - TEF:KIN

2180 | | espet=MET_RT - BSW:NAT
2.200 %
2,220 _

2.240 /
2.260 | Y Ll
2.280 |
2.300 |

05.Apr 05 Apr 06.Apr 06.Apr 07 .Apr 07 .Apr 08.Apr 08.Apr 09.Apr 09.Apr 10.4Apr 10.48pr 11.4pr
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12% 00:00 12:00 0000 12:00 UU%

EUROPEAN STATIONS

BSW:NRT — GOP (Bernese) near real-time regional solution
GLO:NRT - GOP (Bernese) near real-time global solution
TEF:RT - GOP (Tefnut) real-time ZTD solution (coordinates static)

TEF:KIN — GOP (Tefnut) real-time ZTD solution (coordinates kinematic !!!)



Real-time benchmark - initial results

ZENITH TOTAL DELAY [£ZTD]

Apr 10, 2012 [14:03] @ GOP

1.800 | —— MET _RT-TEF:RT ' ' ' ' ' '
1 1.820 MET_RT - TEF:RTO1 ADIS |
5 \ Bao ~— MET_RT - GLO:NRT |
— . B T L
§ 1.880 ,r"f FOrAY . T
E 1880 e ; S
> o 1900 :
£ N qe0 )
Q .
© 1.940 |
b4 1.960 | . . . . . . . . .
< 05.A 05. 06.A 06.4 07.A 07.A 0B.A 0. 09.4 09.A 10.A 10.A 1.
S Woo 1200 0000 1200 o000 1200 0000 1266 0000 1200 0000 1200 06
o
S ZENITH TOTAL DELAY [ZTD]
> 2940 . . . . . . . ___Ppr10,2013[1403] @ GOP
£ ' —— MET_RT - TEFAT
& 2.260 MET_AT - TEF:ATO1 ALGO
S 2,280 ;
iz 3o AN 7
5 ol
’;g E' 2,340 "
3> N 2360
3 S 2.380 |
8 a 2.400 |
- & e 05. 06.A 06.A 07 A 07.A 0BA 06 09 09.A 10.A 104 1
g % 00:00 12’%% 00:00 12:00 00:00 12:00 00:00 12’%r 00:00 12:00 00:00 12:00 nu’%r
1
§ 2 GLOBAL STATIONS !
- o 3 [
53 GLO:NRT - GOP (Bernese) near real-time global solution
z o L] L] o
s 3 TEF:RT - GOP (Tefnut) real-time ZTD solution (coordinates static)
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oo
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' Global real-time orbit and clock products

Research Institute of Geodesy, Topography and Cartography

Geodetic Observatory Pecny (GOP)

g

Real-time PPP requires orbit and clock products
IGS Real-Time Service (RTS) has started to provide since the end of 2012
Latency: 40-50s; Accuracy: ~3-10 cm (orbits), ~0.05-0.20 ns (clocks)

» Three products were selected for the demonstration campaign:

1GS01, 1GS02 and CNS91

Orbits—5s Single-epoch
Tt Clocks—5s IGS/ESOC combination
Orbits -60 s Kalman filter
Iestl Clocks —10s IGS/BKG combination
Orbits—5s ..
CNS91 Clocks — 5 < CNES Individual product



Real-time demonstration — weekly biases

.r.t. EUREF
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' Real-time demonstration — weekly precision
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Real-time demonstration — hourly comparison
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Real-time demonstration — geographical plots
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Real-time pseudo-kinematic coordinates
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Availability of real-time ZTD (CNES product)

ZIM2
YELL
YAR3
WTZR
WIND
VIS0
UNSA
TUBO
TRDS
THTI
REYK
POVE
POTS
PDEL
ONSA
NTUS
NRMD
NKLG
NICO
MATE
MALL
LHAZ
KIT3
KIRO
ISTA
HOFN
HERT
GOPE
DUBO
DENT
DAEJ
COCO
CASC
BUCU
BRST
BRMU
BOR1
BELF
AUCK
ALIC
ALGO

|
E

o
[

i
=
[ |
i
[
[
[
i
[ |
[ |
i
|
|
|
i
|
|
i

90

I'I

5

N

0

1

m

n
=

Il EEEEnm
£

[ | ‘ |

ALBH |
ADIS ooorm o . | Bl SEE

[Vﬂ@ Jun 01 Jun 08 Jun 15 Jun 22 Jun 29 Jul 06 Jul 13 Jul 20 Jul 27 Aug 03

L

T r+rro oo oo oo o oo o ¢ v r v v . v .. % . . %, ... & . T r 1. 1. T T T T T T.7T

Research Institute of Geodesy, Topography and Cartography

Ranrdaticr Nhecarvatarve Parng: (GOP)

# of ZTD observations (all = 100%)



' GOP tropo database:
routine comparisons

ZTD/Sdev: NRT_GOPG (GPS/Global) - IGS (final)
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' IGS final product monitoring (examples)
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