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'Zurnberge J.E, ct al (1997) Precise Point Positioning for the Efficient and Robust
Analysm of GPS Data from Large Networks. J.Geophys. Res., 102(B3), 5005-5017:
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Solution:

':f:{:DraWbacks

ftroposph fe: is a ma;or error. source * introduce high-res tropo model

ZTDzrs hrghly correlated wrth U, and ét, * U, and 6t, are highly correlated

. ong convergence trme * shorter convergence time
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I MOTIVATION (2)

"--"Standard approach Troposphere constraining (post-proc):

-:ZZ-ZHD from"i-cxternal model as ﬁxed value * a priori ZTD from external model (first epoch)

' W"estlm___ted as random Walk process ¢ ZWD estimated as random walk process

* additional equation in functional model:

8ZTD = ZTDNRT _ 7zTD'

ZTDNRT _ the zenith troposphere delay from near real-time regional model
ZTD' - the a priori zenith troposphere delay value (from previous epoch)
O0ZTD - the correction to the a priori zenith troposphere delay value
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NRT GNSS

near real-time ZTD and Hz gradients
272 stations from Poland and adjacent area

Z’TD with 1-h resolution

~6 mm accuracy

NWP WREF

WREF — Weather Research & Forecasting
4x4 km? grid

47 vertical levels

forecasts at 0:00, 6:00, 12:00, 18:00 UTC
total refractivity (N) from p, T, e with 1-h
resolution (coefficients Riieger "best average’):

N, =k, pTe+k T+k
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I METHODOLOGY

[ NRT GNSS l
g S T e 4{ RT (predicted) ZTD model ]

high-res MF | I-:: static/kinematic PPP
J .
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REAL—TIME ZTD - METHODOLOGY

I = f (U X, t) + S(Css’ X, t) +N

i o, —
Least—squares collocatlon usmg

_'software C‘MEDIE developed

Zenith toul %delay (fom NRT GNSS)

[N (5 y,7,0) =

A
(ZTDg + azrp(x — xo) + bzrp (¥ — ¥o) + czrp(t — L)) - e Hzrp

ZTD

| More about a pr10rlzT D—> 'Wilgan K, Hurter E Geiger A, Rohm W, Bosy ] (2017) Tropospheric refractivity
_and zenith pa,th delays from least-squares collocation of meteorological and GNSS data ] Geod 91(2): 117-134
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IREAL TIME ZTD RESULTS

ff;::'Comparlson of ZTDS obtained from 3 models
(RT COMEDIE VMF 1-FC, UNB3m) w.r.t. EPN
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IMAPPING FUNCTION (WRFMF) - METHODOLOGY

| -':-"_""the methodology based on VMEF “fast’ approach!

.::".IhYd?OStatlc. b,c —» from ISf)barIC Mapping Function: 1+—= b

14+
MF (el) = te
sin(el) + 7

sin(el) + sin(el) + ¢

WRF rayi’?_t_racmg (every 1 h) for el=3.3°— SHD/SWD, ZHD/ZWD
= (SHD + dgeO)/ZHD
F'-.:-'—'SWD/ZWD !

e a—coefﬁaents from 1nvert1ng the continued fraction — WRFMF

} Boehm] Schuh H (2004) Vienna mapping functions in VLBI analyses. Geophys Res Lett 31(1)
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;MAPPING FUNCTION (WRFMF) -RESULTS

ompanson of the hydrostatlc and wet MFs from three models: WREME
: ._..VMF 1 FC and UNB3m station ZYWT; cut-off angle in processing 5°
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,_"PPP STRATEGY

. ..'-:;:i:I:n house developed GNSS—WARP software:

i -_.GPS PPP. (Ll/ [2i iono-free)
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\'-\.
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,_'"RT KINEMATIC POSITIONING
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'CONVERGENCE TIME (3-H REINITIALIZED KINEMATIC)
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' RT PPP in 6 proccssmg variants (different combinations of a

}.ff-fj_-TD and MFS) 3 time-periods

f-.:'_;?7.'1_:';}:,;__-3 typcs of coordmatcs static, continuous kinematic and
relmtlallzcd kmematlc

‘ ZTD constralmng Wlth NWP:

| '- pros better accuracy (< bias), shorter convergence time

__-_;:-,-E__:-::;__ conS shghtly Worsc prcc1510n (> standard deviations)

3W1lgan K Hadas T Hordymcc P, Bosy J. (2017): Real-time precise point positioning augmented
with high- r_c_sol__uugq numerical weather prediction model. GPS Solutions 23(3), 1341-1353
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hanf?i you for your attention!

Questlons>

~ tomasz. hadas@epwr edu.pl (GNSS, PPP)
_~iar1na Wllgan@lglg up.wroc.pl (NWP, COMEDIE)
pawel hordymec@upwr edu.pl (NWP, MF)

~'TKis Work has’ been suppotted by COST Action ES1206 GNSS4SWEC (www.gnss4swec.knmi.nl) and Polish
National.. SCIence Centre (PrOJects 2014/15/N/ST10/00824 and 2014/15/B/ST10/00084). COMEDIE

f_.{f_-se)ftwalre was orlgmally developed at the Institute of Geodesy and Photogrammetry, ETH Ziirich, Switzerland



