G-Nut Software Library Development and
its Application Examples

N

.I arch Institute of Geodesy, Topography and Ca :

J. Dousa, P. Vaclavovic and G. Gyori
(jan.dousa@pecny.cz)

Geodetic observatory Pecny,

Research Institute of Geodesy, Topography and
Cartography

ptic Observatory Pecny (GOP)

EUREF Symposium, Paris
June 5-7, 2012



mailto:jan.dousa@pecny.cz)
mailto:jan.dousa@pecny.cz)

outline

° Motivation

* Core library — G-Nut

* List of applications

* First results of positioning (G-Geb)

* First results of troposphere monitoring (G-Tefnut)

* Summary and outlook
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Motivation

to be able to keep the state-of-art models and to support all GNSS
to be ready for in-house modifications for specific projects

to provide alternative for existing software packages

to exploit the development effort as a learning process

to support easy development for applications tailored for specific tasks in

4

various communities

by developing and maintaining GNSS core library in C++
being flexibly, but uniquely implemented with easy use and extensions

supporting easy implementations of specific software packages
(applications) for usage in various areas - geodetic, meteorology,
geophysics, ...

as possibly as apply open-source licence (for basic applications at least)
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re Librarv — G-Nut

ANSI C++ with object-oriented approach

developed independently from a GUI, using XML input format only

for some applications GUI will be implemented independently
multi-thread support (currently depends on Boost’s library)
multi-platform (Linux, Windows)

multi-GNSS (GPS, GLONASS, Galileo, ...)

models for undifferenced GNSS observations processing (currently PPP)
10 unique approach for file, tcp, http, ntrip, ftp, ...

flexible data and product self-content elements and collecting containers
10 and data structures doesn’t not distinguish real-time streams and data files

support various adjustments methods, currently:
Least square adjustement (with efficient sparse matrix calculation)
Kalman filter (with back-smoothing)
Square Root Covariance filter (or Information filter)



G-Nut —data structures

gdata - G-Nut base data class, all derived data structures are implemented
via self-content elements and their containers
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gdata data/products classes
general data gallnav
+“.1§t:x E ge contai data/products
+1d_type +mapsat[sat][time] i
__{+id_group gobs e container classes
+pointer_glog site observations +overwrite
+glog(&glog) +obs[GOBS] too-
+;d_type{) +11i[GoBs] +pos( gtime, xyz,var,vel) —
geph +id_group() +snr[GOBS] +clk(gtime,clk,var,dclk) gallprec
general ephemeris element +...0) +epoch +clean_outer(time,time) precise orbits+clock container
+sat +staig "'beg_gna‘-'gsag +mapsp3[sat] [time] [type]
: +end_gnav (sa :
+epoch self-contained elements reati #Find(sat, time] tmapcik(sat][time] [type]
+poz( gtime,xyz,var,vel) +P3() # 0 : +cache
+clk(time, 1k, var , de Lk)|<E of data/products classes +L3() +. ..
+pointer() +L4() +pos(gtime,xyz,var,vel)
+recount() +MW () N g?.llobst ) +clk(gtime,clk,var,dclk)
+valid() gnavgps Shservanon comaner +addpos(sat, time, ...)
tclear() ghav NAVSTAR navigation message gatx +mapobs [sat][time] [gobs] +addvel(sat, time,...)
+...0) o - +nepochs +time(sat,gtime,...)
general navigation message D +MNAVST AR ephemerls data PCO+PCY models +maxepoch sz iz A e, (e,
_D+poz{time,xyz,var,vel) — +poz(time,xyz,var,vel) +pcolf] [ +addobs () +beg datalsat) ‘

+clk(time,clk,var,dclk)

+...0)

+clk(time,clk,var,dclk)
+...0)

gephprec

precise ephemeris element

ghavglo
GLONASS navigation messages

+gpoly x,y,2,t

>

+GLONASS ephemeris data

+poz(time,xyz,var,vel)
+clk(time,clk,var,dclk)

+poz(time,xyz,var,vel)
+clk({time,clk,var,dclk)

+...0) +...0)
gephrtcm gnavgal
RTCM correction element Galilee navigation messages
+10d D +Galileo ephemeris data
+pt_nav +poz(time,xyz,var,vel)

+RAC+cLk corrections
+RAC+cLk change-rates
+RaC+clk accelleration

+clk(time,clk,var,dclk)
+...0)

+pev[f]1[z]
+pevlfllz]lal
...

+pcolz, A, f)
+peviz, A, f)
+peviz, )

+...0)

gdcb

Differ code biases

+mapdch

+dch ()
+...0)

+poz(time,xyz,var,vel)
+clk(time,clk,var,dclk)

+...0)

classes
under development

20X

xxx datafproducts

+data/products

+clean_outer(time,time)
+obs(site, time)
+stations()
+satellites(site, time)

gallpev
PCO+PCYV model container

+end_data(sat)
+beg_clk(sat)
+end_clk(sat)
#find(sat,time)
#...0)

+mappev[ant][ser][time]
+nepochs
4

gallrtcm
RTCM correction container

+addpcv(gpev)
+pco(ant, ser, t,az1,zen,f)
+pcv (sat, ser, t,az1,zen,f)
+pcv (sat, ser, t,zen,f)
#find{ant,ser,time)
#..0)

+maprtcmlsat] [time]
+mapnav
+...

+...0)

> gallXXx

other specific container

+pos( gtime, xyz,var,vel)
+clk(gtime,clk,var,dclk)
+clean_outer(time,time)
+beg_rtem(sat)
+end_rtem(sat)

+addemb (sat, time, ... )
+addorb(sat,time,...)
+addclk(sat,time,...)
#find(sat,time)

#...0)
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G-Nut - 10 implementation

gio — G-Nut
Input/Output

-> gfile

-> gtcp -> gntrip

gcoder — G-Nut
encoders and
decoders

->sp3

-> rinexo
-> rinexn
-> rinexc
-> bncrtcm
-> bncobs
-> atx

-> zero

giof — G-Nut file
-> glog

IO classses
gio

general IO class
+path gfile
+g-:_:o?er —> file 1O class
+gio I~ 2
S :flle
+pt_glog - .
+. .. +init_writef)
+running{) :;gi;f;ead{)
+openned( ) ;
+connectedr( ) #gio write()

+init_writef)
+stop _writef)
+init_read()
+stop_read()
+run_read()
+run_write()
+glog(&glog)
#gio_writel()
#gio_read()
#loct writel)
#loct_read()
+...0)

#gio_read()
#stop_common )

+...0)

gtcp
TCP IO class

+host
+port
+...

+init _read()
+init_write()
+stop_read()
+stop_write()
+path()
#gio_write()
#gio_read()
#init_common()

+...0)

encoder/decoder classses

gcoder
general
decoder/encoder

+mutex
+version
+hbuffer
+huffsz
+...

+glog(&glog)
+add _dataf)
+rem dataf)
+decode_head()
+encode_head()
+decode _dataf)
+encode _data()
#addzbuffer()

#consume ()

+...()

gntrip
NTRIP IO class

+host
+port
+...

giof
fstream -> file 1O

+mask
+name
oo o

+ma sk )
+name( )
+write()
+read()
+append()
#replace()
+...0)

glog

logging class

+verb
+cache
+mutex

+comment( )
+verb( )
+clear()

+init_read()
+init_writef)
+stop_read()
+stop_writel)
+path()
#gio_writel()
#gio_read()
#init_common()

+...0]

v

sp3
SP3 format

+decode_head()
+encode_head()
+decode_datal)
+encode_datal)

RINEX-O
RINEX observation

RINEX-N

RINEX nawvigation

RINEX-C
RINEX clocks

BNCRTCM

BNC rtcm format

BNCOBS

BNC obs format

ATX

ANTEX format

VY YV VYV

ZERO

used as PIPE

+decode_head()
+encode_head()
+decode_datal)
+encode_datal)

v

KK

specific decoder

+decode_head()
+encode_head()
+decode_datal)
+encode_datal)




G-Nut software librarv web

http://www.pecny.cz/ (GNSS, software)

Research Institute of Geodesy, Topagraphy and Cartography
Department of Geodesy and Geodynamics

MAIN MENU

[ Home |Page 3 ofd IArticle Index
Data, models, products self-contained classes and their containers G-NUT -introduction
10 strucure
The main virtual base gdata class (dark grey background) represents any data, model or product classes either as self-contained data/product Data struchures
elements or their containers. This class provides a common mutex, glog pointer for common and multi-threaded logging and data type or group Applications

o data center [EUREF)

o troposphere (E-GVAPII)
O precise orbits (IGS)

o analysis centre ([EUREF)
O reprocessing (EUREF)
O EUREF-Czech-2009

identification, which is later defined in each derived class.

Self-contained data/products elements (pink backgrounds) provides independent data such as e.g. all observation for a single station, satellite navigation message,
ETCM position corrections, polynomials of precise ephemerides valid over a specific time, etc.

The containers (green backgrounds) are usually apply maps defined in away to easy find the relevant self-contained element (pink backgrounds). In some classes (e.g.
gallnav gallprec) the cache is implemented to speed up the searching procedure, which is always done through an internal (find) function returning a pointer to specific
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- = data/product element.
DORIS
=) =
° = - gdata data/products classes
— Gravimetry general data gallnav
g- Q - T +mutex igation message container data;'products
[l Database +id_type : :
= o | +id_group I?Zﬁiiﬁfat"““‘ container classes
>,:. 0 [l Links +pointer_glog| +overwrite
2 1 +glogi&glog) P
@ D 7 Search +id_type() D +pos(gtime,xyz,var,vel] p—
@ [— = geph +id_group() +clk(gtime,clk,var,delk] gallprec
=] IT) general ephemeris element Eansill +clean_outer(time, time) precise orbits+clock container
-3 = Imgme i e (el o)
+ - I + tllt t
® a +::::qtime e self-contained elements ; gbobsm e Tod(sar Frat) Fmopclilsatlitinelltyps
' » ’ sife observal 5
O - TR meTek e Tkl of data/products classes s .0 e
[y B +pointer() e T +po:fg-time,xy:,mr, ;ali
+recount() gallobs +clk(gtime,clk,var, dclk)
o gt +validf ) gnavgps observation container —D +addp§s[sat,tim&, Seal
2 ® +claar() gnav NAVSTAR navigation message gatx +mapobs[sat](time] [type] +addvel(sat, time,...)
52 ol sevr oo mesae | 1 JVSTAR aptuperis data | [scodcumsss] | o fresochs s
pet @® —D'opazl’u'me,xyz,var.vel} B +poz{time,xyz,var,vel) +pcol[f] WAEE) +beg_datalsat) :
= +clk( time,clk,var , deik) +clk(time,clk,var,dclk) +pevlf][z] ELolset ocimes trali i) +end_data(sat)
7] )] +...0) ... 0) _[)JPCV“][Z][B] +clean_outer(time, time) +beg_clk(sat)
[ e EhES #find(site, time) +end_clk(sat)
=0 _gephprec gnavglo +pcolz, A, 1) B0 #Find(sat, time)
precise ephemeris alemeant GLONASS navigation messages +pcviz, A, f) &, .. ()
= (4] > +gpoly x,y.2,t > +GLONASS ephemeris data +pcvlz, f) gallpcv
8 = Fpoz( time, xyz, var ,vell +poz(time, xyz,var,vel] *...0 PCO+PCY model container galirtcm
b ) +clk( time,clk,var,dclk)| +cLk( time,clk,var,dclk} +mappcy [ant] [ser][time] RTCM correction container
® - +...0 £ 0 gdeb :"EPﬂCh$ +maprtcmlsat][time]
o gephrtecm gnavgal Differ code bisses b ) tmapnav
4 @ RTCM correction element Galileo navigation messages _[> +mapdch +addpcv (gpev) - haLET: .
@ - - tpcolant, ser, t,azi,zen, f +posigtime,xyz,var,vel)
[+ 0 +iad +Galileo ephemeris data +dcb () +pevisat,ser,t,azi,zen, +clkigtine,clk,var,delk)
*Pt_nﬂ{k ) +poz(time,xyz,var,vel) *...0 +pov(sat,ser, t,zen, f) +clean_outer(time,time)
:Wclk cz"'““""s +clk(time,clk,var,dclk) #find{ant, ser,time) +beg_rtcm(sat)
iAaokelk accetlaratisn ) XX £l )

- s A +addemb (sat, time, ...)
+poz( time, xyz, var,vel] taaroduc +addorb(sat, time, ...}
+clkitime, clk,var,delk)) classes #data/products +addclk(sat, time,

I ot



http://www.pecny.cz/
http://www.pecny.cz/

Applications (based on G-Nut)

Various level of current developments (future plans not considered)

Coordinates and Positioning
G-Geb - static or kinematic positioning, real-time (RT) or post-processed (PP)
Water Vapour in Troposphere

G-Tefnut — water vapor monitoring in near real-time or ultra-fast real-time, RT, PP

NTRIP
G-Nut-ntrip_client - collect NTRIP/TCP streams to a file
G-Nut-ntrip_server — disseminate (rotate) file to NTRIP/TCP as stream

b

G-Nut-ntrip_pipe - forward from one NTRIP caster to another

Broadcast RINEX (RINEX 3.x, RINEX 2.x)

G-Nut-navMonitor - broadcast navigation check, GPS satellite manoeuvres detection,
concatenation, format conversions

Data RINEX (RINEX 3.x, RINEX 2.x)

G-Nut-rnxMonitor - content monitoring, editing, format conversions, quality checking

PRODUCTS (SP3c¢)

G-Nut-orbMonitor — orbit quality monitoring via comparisons, conversions
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Example setting — class parsing XML configuration supported by DTD

<?xml version="1.0" encoding="UTF-8" standalone="yes" ?>
<!DOCTYPE config SYSTEM “G-Geb.dtd" >

<config>
<ppp> <settings
phase="true"
tropo="true"
static="true"
filter="SRF" .
oot lman General settings
savedsmt="false" for PPP solution
aprioriX="0.0"
aprioriY="0.0"
aprioriz="0.0"
crd init="100"
crd pred="0.01"
ztd init="0.1"
ztd rndw="2.5"
ztd mapf="GMEF"
/> -
<inputs
observ="ID0|file://RINEX/gope0980.120|rinexo" _ 3
orbits="ID1|file://SP3/1682/1gsl16826.sp3|sp3" POSt_ proce_SSIng
clocks="ID2|file://SP3/1682/igs16826.clk 30s|rinexc" conflguratlon
pcopcv="1ID3|file://GEN/epn 08 1685.atx|atx"
result="CRD PP/gope 12098.dat"

alternatively
observ="1ID0 |ntrip://GOPEQO/user:paswl@ntrip.pecny.cz:2101|bncobs"
broadc="1ID1|tcp://localhost:10400|rinexn" .
bncrtc="1ID2|tcp://localhost:10500 |bncrtcm" Real_tlme
pcopey="" configuration
result="CRD RT/gope <yr><doy>.dat"
/>

Geodetic Observatory Pecny (GOP)

Research Institute of Geodesy,

</ppp>
</config>

g
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40 ' ' '

30
20
10

G-Geb - kinematic
positioning
Kinematic solution using SRCF and Kalman filter

Still long initialization for station TUBO (“hour)
NEU coordinate residuals from mean (+- 10cm/coordinate) after initialization
Ambiguity float solution

ITUBO stlation - PPP (Kalman filter)l

10 |
20 F

CRD residuals [cm]
o

30 -

40—w

30
20
10

01 02 03 04 05 06 07 08 09 10
time from cold start [h]

TUBO station - PPP (SRIF)

12

A

10 |
20 +
-30

CRD residuals [cm]
o

.&37};-&';&3-”““%"' i  MEE  FRh
F ok AWY  nrlm - A REVE T, R Y
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01 02 03 04 05 06 07 08 09 10
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G-Geb - Tohoku-Oki EQ (Japan,
Tol'gn%;;()quake (Japan, Mar 11, 2011, 5:43:23 UTC)

IGS stations MIZU (~100 km), USUD (~250 km), DAEJ ( >1000 km)
Left = MIZU solution based on Wuhan University sw (courtesy of Rongxin)

MIZU
T T T T z T T
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200 | Up| - ; A 200 b =
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3 E '] e s
o O, 100 § 100 i -
© o o
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E 2 \s
= -200 g -200 - - .
O -~ 3
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[9 o -300 -300 —1 - 1 1 +~ 1 +~ 1 1T - I -~ I =17
= 9 45 46 47 48 49 50 51 52 53 54 55 45 46 47 48 49 50 51 52 53 54 55
0 s
o e 300 , : : :
o 300 —— North| « | !
S o ] |- USUD East| - DRE]
Q. L U . i
1L el 200 + Up| - = 3
Y b= —
09 —= E
E S, 100
% g .% 100 w
et 3 T 5
=8 . - T %
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3]

45 46 47 48 49 50 51 52 53 54 5
2011-Mar-11, UTC time from 5am [min], Earthquake Time: 05:46:23 UT

§)]
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2011-Mar-11, UTC time from 5am [min], Earthquake Time: 05:46:23 UT
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ZTD [m]

ZTD [m]

S-1SIMMNUl —Wal€l Vapor
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post-processing *
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2.400
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G-Tefnut —water vapor

GOP EUREF
near real-time
post-processing
real-time

GOPE

2.300

'y
c AL A AR
2.200 1 g 1 o 4y _;\'. t QL ”
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1)

2

&
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2.150 9

o

o]

L L 1 1 1 1 1 1 1 1 U

094 096 098 100 102 104 106 108 110 112 114 -

days of year 2012

2.450 | ' ' ' ' ' ' ' GOP EUREF ® |
BOR1 near real-time  ®
post-processing
real-time .

2.400

2.350
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094 096 098 100 102 104 106 108 110 112 114
days of year 2012

{c) GOP/JD (2012-Jun-01)
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G-Nut core library in development and applications implemented
G-Geb, G-Tefnut
G-Nut-ntrip_client, G-Nut-ntrip_server, G-Nut-ntrip_pipe
G-Nut-RnxMonitor, G-Nut-NavMonitor, G-Nut-orbMonitor

G-Nut still under development, core-library will be consolidated within a
few months (hopefully before IGS workshop 2012)

Some basic applications will be then available for the community with
open-source code at http://www.pecny.cz (GNSS, software)

Currently we have a long-term development plan (at least 3-4 years) and
sequence of targets:

h imation in i real-time for severe weather monitorin
other small applications ... (communication, monitoring, QC, ...)
precise satellite clock estimations (for PPP service support)
products for PPP ambiguity resolution (in Europe)
regional augmentation


http://www.pecny.cz/
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Thank for your attention !
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