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CONTENT

 Getraw data of permanent GNSS stations
* Post-process with different scenarios

* Open-source software RTKLIB (demo5 fork):
https://rtklibexplorer.wordpress.com/

e Used last week
e Use GUI
e Use CLI



https://rtklibexplorer.wordpress.com/

RAW DATA OF PERMANENT STATIONS

* Free data for scientific and educational purposes
* |GS: https://igs.org/
* EUREF: https://epncb.oma.be/

* Task to do: find and download raw data of BUTE, BME1 or
other stations in your country



https://igs.org/
https://epncb.oma.be/

BUTE PERMANENT STATION

e Download from web

- http://www.epncb.oma.be/ networkdata/siteinfo4onestatio
n.php?station=BUTEOOHUN

« One-day session, in RINEX 3 format

* Download directly from command prompt
Copy the link
Open a command prompt and use wget. Install if it is needed
« wget
http://www.epncb.oma.be/pub/RINEX/2025/085/BUTE
OOHUN R 20250850000 01D 30S MO.crx.qz



http://www.epncb.oma.be/_networkdata/siteinfo4onestation.php?station=BUTE00HUN
http://www.epncb.oma.be/_networkdata/siteinfo4onestation.php?station=BUTE00HUN
http://www.epncb.oma.be/pub/RINEX/2025/085/BUTE00HUN_R_20250850000_01D_30S_MO.crx.gz
http://www.epncb.oma.be/pub/RINEX/2025/085/BUTE00HUN_R_20250850000_01D_30S_MO.crx.gz

NAVIGATION DATA

 Download directly from the command prompt, use wget
http://www.epncb.oma.be/pub/RINEX/BRDC/2025/BRDC0O0G
OP R 20250850000 01D MN.rnx.gz



http://www.epncb.oma.be/pub/RINEX/BRDC/2025/BRDC00GOP_R_20250850000_01D_MN.rnx.gz
http://www.epncb.oma.be/pub/RINEX/BRDC/2025/BRDC00GOP_R_20250850000_01D_MN.rnx.gz

UNCOMPRESSING

 Work in the command prompt

* Gzip (install if it is needed): c:\gzip\bin\gzip.exe
BUTEOOHUN_R 20250850000 01D 30S MO.crx.gz -d

* Hatanaka decompression (e.g. in c:\rtklib\crx2rnx):
c:\rtklib_demo5_b34k\crx2rnx.exe
BUTEOOHUN_ R 20250850000 01D 30S_MO.crx

 Check out the compact RINEX and RINEX files




POST-PROCESS - SPP

e Launch RTKPOST
 BME1 as rover
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RTKPOST demao5 b34k — X
() Time Start (GPST) 2 () Time End (GPST) 7 (Jnterval Unit
2024/12/15 © 06:20:00 - 2025/01/04 © 00:00:00 - |0 s 24 H
RINEX OBS : I R =
“\oktatas\geodezial_automatizalas\2025\80ra\BME100HUN_R_20250850000_010 | ... |
e —— _ ) ——
RINEX OBS Do i, &
D:\kutat\ors\meresek\ausztralia_20250302\KNCBO0AUS S 20250610000 01D 305
RIN TSP3, . FCB, IONEX, SBS/EMS or =S|
@tatas\geodeziai_automatizalasu025\80ra\BRDCDDGOP_R_20250850000 @v|
| -
| <]
| <]

solution ) Dir D:\kutat\Paripa\HC\data\Y2024\D342'\PildoBox205\sol_BUTEZ\kinematic
| D:\oktatas\geodeziai_automatizalas\2025\8ora\BME100OHUN_R_20250850000_01D_ -~ | .

B O 2
& Plot... E View... KML/GPX... @ » Execut Exit
—




SPP - SETTINGS

Options >

Settingl Setting2 Output Statistics Positions  Fles  Misc

Positioning Made @ e
® Si n g | e Frequencies

Filter Type Forward

° G PS+G LO+G A |_+ B DS Elevation Mask (%) / SHR. Mask (dBHz) 15 y
Rec Dynamics [ Earth Tides Correction OFF COFF
Iono/Tropo Correction Broadcast | Saastamoir -
Satellite Ephemeris/Clock Broadcast ~

Sat PCY Rec PCY PhiwLI Rej Ed [+]RAIMFDE | | DECorr

Excluded Satellite
(rlers [Flelo [#calles []0zss []SBAS [»]BeiDou) | IRNSS

Load... Save. .. 0K Cancel
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TRUE POSITIONS

* http://www.epncb.oma.be/ productsservices/coordinates/cr
d4station.php?station=BME100HUN

e Use ETRF2000

* Convert cartesian to geodetic
Online: https://www.apsalin.com/cartesian-to-geodetic-on-ellipsoid/

With proj: cs2cs -f "%.8f" +proj=cart +to +proj=latlong
* BUTE: 4082001.374 1410144.840 4678052.896

* 47.4790182480 19.0576908520 178.357



http://www.epncb.oma.be/_productsservices/coordinates/crd4station.php?station=BME100HUN
http://www.epncb.oma.be/_productsservices/coordinates/crd4station.php?station=BME100HUN
https://www.apsalin.com/cartesian-to-geodetic-on-ellipsoid/

PLOT THE RESULTS

Set coordinate origin to the true position

o S =

Options b D:\oktatas\geodeziai_automatizalas\2025\8ora\BME100HUN_R_20250850000_01D_305S_... — m] X ‘
| File Edit View Windows Help |
Time Format h:m:s GPS” ~  Error Bar/Circle  OFF ~  Mark Color 1 (1-6) D 3 | | [1] 2] = Postion ¥ | AL ~ H v o T & o o H PO -
Lat/Lon Forma S | Direction Arrow | OFF ' Mark Color 2 (1-6) D 4 E-W (m) ORI= 47.479018248°N __19.057590852°E 178.3570m
- . AVE=1.0443m STD=0.6762m RMS=1.2441m
| Show Statistids ~  Graph Label ON ~  Line Color I:I e | | ) ‘
Cyde-Sip «f - Grd/GridLabel  Grid/label ~ Text Color I |
Parity Unknown QN ~  Compass OFF ~  Grid Color I:I )
Ephemeris OFF ~ Scale ON ~  Background Color I:I

- o F | |
Elevation Mask ( ) Auto Fit ON ~ | Plot Style Mark/Line ~ | o s (m) AVE=1.9272m STD=0.8221m RM5=2.0951m

| Elev Mask Pattern OFF ~ Y-Range () 5m ~ | Mark Size 2 ~
| 2
Hide Low Satelite OFF ~  RT Buffer Size 10800 Font Tahoma 8pt | - . I
| —_— | 1]

Max NSAT/DOP |30 ~| [JTime Sync Por 1007 Animation Interval |

-2
Max Multipath 5 Coordinate Origi m
path  J—~\-| 2 ‘ -4
Receiver Positiol LatJ’Loan18248 19.057690852 178.3570 T | 4 U-D(m) . . % AVE=1.7014m STD=1.0908m RM5=2.0209m
Satelite System RINEX Opts ‘ A m{*‘ & % )
| @6Ps @G0 @GAL BQZS  shapeFie . DW%W, ; \j ﬂﬁg ; g W
I BDs @ Navic @ sBs TLE Data 2 .. | i ‘
| 2
Excluded Sats TLE Sat No B .. |
| (+5n: Included) |
Cancel ! 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
= [[1]2025/03/26 00:00:00-03/26 23:59:30 GPST : N=2880 B=0.0km Q= 5:2880(100.0%) -

Department of Geodesy and Surve




POST-PROCESS - DGPS

* Base: BUTE, rover: BME1
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RTKPOST demo5 b34k — X
() Time Start (GPST) 2 () Time End (GPST) 7 () nterval Unit
2024/12/15 © 06:20:00 - 2025/01/04 © 00:00:00 - |0 s 24

RINEX OBS: Rover ? & =
|D:\oktatas\geodeziai_automatizalas|\2025\8ora\BMELOOHUN_R_20250850000_01D_ | ...
RINEX OBS: Base Station @ B

| D:\oktatas\geodeziai_automatizalas\2025\8ora\BUTEOOHUN_R_20250850000_01D_ ~ | r

RINEX NAV/CLK, S5P3, BIA/BSX, FCB, IONEX, SBS/EMS or RTCM B B B8 A
|D:\oktatas\geodezia'l_automatizalas\zo25\80ra\BRDCDDGOP_R_2025 0850000_01D_ ~ |

| -
| e
| o

solution ) Dir D:\kutat\Paripa\HC\data\Y2024\D342'\PildoBox205\sol_BUTEZ\kinematic
| D:\oktatas\geodeziai_automatizalas\2025\8ora\BME100OHUN_R_20250850000_01D_ -~ | .

= -] done

» Execute Exit

KML/GPX... # Options...

& Plot... B View...




POST-PROCESS - DGPS

Options X Options >
| Settingl SettingZ Output Statistics Postions Fles  Misc Settingl Setting? Output Statistics Positions  Files Misc
| Rover ' Positioning Mode | PSDGNSSN v
I Lat/Lon/Height (deg/m] Frequendes "
50.000000000 0.000000000 -6335367.6285 ]
Filter Type Forward ~
(] Antenna Type (*: Auto)
| 0.0000 0.0000  0.0000 | Elevation Mask (%) / SMR. Mask (dBHz) 15 p
| Base Staton Rec Dynamics [ Earth Tides Correction OFF OFF ~
h m | Iono/Tropo Correction Broadcast ~ | Saastamoir
4081882.3680 1410011.1460 4678199.3900 Sateliite Ephemeris/Clock Broadcast -
(= AM \—/

SatPCV RecPCV PRWL Rej Ed |v|RAIM FDE | | DBCorr
0.0000 0.0000  0.0000

Station Position File

| Excluded Satelites (+PRN: Included) |
| Mers Molo [Flealleo [Jozss []sBas BeiDou []IRNSS

Load... Save... Cancel Load... Save... [6]4 Cancel
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PLOT THE RESULTS

Di\oktatas\geodeziai_automatizalas\2025\8ora\BMET00HUN_R_20250850000_01D_305_...  — a X
File Edit View Windows Help
w12 GndTrk ~ ALL ~ H - T @ +«+ B O x5
ORI= 47.479018248°N 19.057650852°E 178.3570m
AVE=E:-0.0533m N: 0.0210m U: 0.2791m
STD=E: 0.1409m N: 0.1793m U: 0.3326m
- RMS=E: 0.1506m N: 0.1805m U: 0.4341m 2D: 0.4701m
m
(]
i
o
i
l"l‘.l
o
¥
1m
A
-7 -6 -5 4 -3 -2 -1 0 1 2 3 4 5 6 7

n
.[1]2025,"03/’26 00:00:00-03/26 23:59:00 GPST : N=1440 B=0.2km Q= 4:1440(100.0%)
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Di\oktatas\geodezial_automatizalas\2025\8ora\BMET00HUN_R_20250850000_01D_305_... — a X
[l File Edit View Windows Help
w1 (2 Posion ~ ALL ~ H - @ T @ B XSG
R ORI~ OB TR AR
2
O rehmsnsppptphanin v A atiann * DN s
-2
-4
4 N-5(m) AVE=0.0210m STD=0.1793m RMS=0.1805m
|
0 MRty o PSS i A et VAN P OIS s 5 AN
-2
-4
4 U-D(m) AVE=0.2791m STD=0.3326m RM5=0.4341m
2 +
I T W L P
-2
-4
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

+ | .[1]2025/’03,"26 00:00:00-03/26 23:59:00 GPST : N=1440 B=0.2km Q= 4:1440(100.0%2)




POST-PROCESS — KINEMATIC

D:\oktatas\geodeziai_automatizalas\2025\8ora\EMET00HUN_R_20250850000_01D_30S — O X D:\oktatas\geodeziai_automatizalas\2025\8ora\BMET100HUN_R_20250850000_01D_305_... — O X
Eile Edit View Windows Help :Eile Edit View Windows Help
w1 [z NSat | v Q=1 v @ XG#-:-"-- 1| 2 Position Q=1 v &+ - | F & =] X6
ORI=47.479018248°N 15.057690852°E 178.3570m
-0.0116m STD=0.0029m RM5=0.0120m

40 # of vald Satelites | E-W (m) v

AVE=-0.0079m STD=0.0034m RMS5=0.0087m

Age of Differential (s) 0.05 15 (m) _
8 |
0.00 ! ; it 1 . I, |
4 |-0.05 : |
| |
2
| 200 |-0.10
| Ratogactorfo;.aRyam 07 JERE (W : f 1 i1 g E 1 | 00 D (m) AVE=0.0014m STD=0.0096m RM5=0.0097m
| : EE IR D] | 1Al B S AR AR An |
| 1 / } i it (Y ;3;‘ A5 SNE S Lol I AR AR '0.05
. £l £t IR P O R R4S § S0 I i i 1d
| 10p ey s i B R I FI B aWWWM ﬁmmm
/ Lty R IS 1;;’( i §:~1:1~‘ ;
| F il | S iy 1B Pl Prbifimy o -
| 3 v’f séf SRS T A (A ,f jﬁi”ij.ﬁ 1 005 : |
4 » t] LI
|-0.10
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00  22:00
+

20:00 22:00 00:01

I[1]2025/03/26 00:00:00-03/26 23:59:30 GPST : N=2880 B=0.2km Q=1:2872(99.7%)

02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00
[1]2025/03/26 00:00:00-03/26 23:59:30 GPST : N=2880 B=0.2km Q=1:2872(99.7%)
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POST-PROCESS IN CLI

Options X
Settingl Setting2 Output Statistics Positions  Fj Misc .
i Positioning Mode Single \ Ev ||l
o . | Frequencies 12/
* In GUI save the settings into a I B
. . | Elevation Mask (%) / SNR Mask (dBHz) 15 v |
config file (e.g. spp.conf) | e oyt oo, oo
! Iono,/Tropo Correction Broadcast ~ Saastamoir - |
. Satelite Ephemeris/Clock Broadcast ~

Sat PCV Rec PCV |_| PhwU |__| Rej Edl ((JrRAIM FDE || DBCorr

Excluded Satelites (+PRN: Included) |
Gps @clo @ calleo [JQzss []sBas BeiDou [ | IRNSS |

Load... Save... oK Cancel
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PosST-PROCESS IN CLI - SPP

* Openacommand prompt

e Type: c:\rtklib_demo5_b34k\rnx2rtkp.exe -k spp.conf
BME100HUN_ R 20250850000 01D 30S_MO.rnx
BRDCOOGOP R 20250850000 01D MN.rnx -0
BME100OHUN_ R 20250850000 01D _30S_MO.pos

* All the settings are in the conf file, all you need to give are the output file
name, RINEX observation and navigation file names

* You can give the full path if the files are in different directories which is
highly recommended

* Some parameters can be given in the command prompt, see the help




POss-PROCESS IN CLI - DGPS

o c:\rtklib_demo5_ b34k\rnx2rtkp.exe -k dgps.conf
BME100HUN R 20250850000 01D 30S_MO.rnx
BRDCOOGOP R 20250850000 01D MN.rnx
BUTEOOHUN R 20250850000 01D 30S MO.rnx -o
BME100HUN R 20250850000 01D 30S MO.pos

e @Give the rover observation file at first




TASKS TO DO

* run rnx2rtkp in kinematic mode
e plot the results (pos files) using rtkplot
* develop your own script to make the plots in Python

e develop Python scripts to run rnx2rtkp (see the handout in
the moodle)
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