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Outline

Our new approach for NRT estimates using
Kalman filter + backward smoother

Using GLONASS in the Benchmark campaign
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» Filtering: Xk = E(XTY1 Y2 Y3, o0 Vi)
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Flow chart of the algorithm
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Principle of the
forward-backward filter
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Smoothing always improves precision w.r.t. filtering
Almost the same precision in all epochs

Observations from whole period contribute to all

estimates - similar to LSQ, however with support for
high-resolution estimates
A
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RT/NRT estimates
Kalman filter + backward smoother

Reference ZTDs: GOP’s Bernese (1h, network solution) and GFZ’s (15min,
PPP)

Simulated RT ZTDs (IGS03 from IGS RTS): GOP’s G-Nut/Tefnut software
(30's, PPP)

NRT simulation (Kalman+smoother): different smoothing update: 15min,
1h, 2h, 4h, 24h

RT processing with delays - POTS [IGS03]
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RT/NRT estimates
v~ Kalman filter + backward smoother
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Q Real-time processing with delays - [IGS03]
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RT/NRT estimates
5y Kalman filter + backward smoother

The precision of high-resolution ZTDs has been improved by

smoother with delays up to 6 hours (up to 35% - from 10
mm to 6,5 mm)

Backward filter optimizes an estimate if any parameter

changes very rapidly — it uses not only previous observations
but also subsequent

Based only on matrix operation => very fast
(e.g. forward: 21 s; backward 2 s)
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If real-time estimates are not necessary delayed results can
be provided with better precision

Smoothed parameters over the whole period have been
estimated with the same precision



Using GLONASS
in the Benchmark campaign

How to optimally set up GLO observation weighting
Five solutions

-
N

Sol 1: GPSonly:  0gps

Sol 2: GPS+GLO: 0g 5= 2 Ogps
Sol 3: GPS+GLO: 0 5= 3 Ogps
Sol 4: GPS+GLO: 0 0= 4 Ogps
Sol 5: GPS+GLO: 05 0=5 Ogps

RT: PPP, forward filter, 5min, IGS0O3 RTS
PP: PPP, forward filter, 5min, ESA final
Reference ZTDs: GOP’s Bernese (1h, network solution)

First two hours of a day are not included in the
evaluation => no convergence

ute of Geodesy, Topography and Cartography



X | Using GLONASS
E)/ in the Benchmark campaign

Real-time processing - [IGS03]
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mpact of GLONASS

n tropo gradients
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Post-processing - [ESA final]
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Post-processing - [ESA final]
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Conclusion

‘Ultra-fast’ troposphere estimates should be balanced
for the delay & accuracy targeting the application

PPP with bi-directional filter are powerful approach for
estimation large dense network in high-resolution

PPP provides full exploiting of multi-GNSS data

Our approach for NRT can be immediately applied in
RT-Demo campaign - traditional hourly estimates with
LSQ can be replaced by bi-directional filter with one
hour delay

GLONASS improved troposphere estimates only when
final products were used => low quality of RT products.
(The same analysis should be done in 2016 for
application in RT-Demo)
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Thank you for your attention
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