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Industrial Sciences Group
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research in advanced analytics to deliver commercial
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ISG’s contributions to Ginan
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Satellite Laser Ranging
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Ginan — Overview
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Ginan — Overview
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Ginan — Overview

Better corrections = better positioning
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Ginan = ISG Contributions

« Smoothing — RTS, fixed-lag

» State-transition modelling — clock rate &
acceleration, First-order Gauss-Markov

* Filter stability — non-PD covariance reshaping,
Joseph stabilisation

* Qutlier detection — time-series, Chi-squared,
cycle slip detection + repair

* Processing satellite laser ranging data
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Smoothing

The Benefit of Hindsight
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Smoothing — An Example
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Smoothing — An Example
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Smoothing — An Example
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Smoothing — An Example
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Smoothing — An Example

‘Smoothing’ — an ‘a posteriori’ form of estimation
(estimation using hindsight)
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Troposphere ZWD (m)

Smoothing in Ginan
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Smoothing in Ginan

Phase Residual
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Smoothing in Ginan

Phase Residual
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First-Order
Gauss-Markov
Modelling

Using the Right Model

I s E The Industrial
Sciences Group




Value

White Noise to Random Walk

White Noise

20 40 60 80 100
Time

Independent of previous

Zero-mean
ms 22 2 2022222 e

ISG

The Industrial
Sciences Group 32




White Noise to

White Noise

Independent of previous

Zero-mean
= b=

Random Walk

Value

16
14
12
10

AN O N B O ®

Random Walk

20 40 60 80 100
Time

Dependent on previous
No mean

l%g The Industrial
g @ Sciences Group 33



White Noise to Random Walk

FOGM
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White Noise to Random Walk

Random Walk
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FOGM modelling in Ginan

ZWD Estimates for Receiver COCO
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FOGM modelling in Ginan

ZWD Estimates for Receiver COCO
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Satellite Laser Ranging

* Originally used for establishing global geodetic
parameters

» Benefits for GNSS positioning:
* No satellite clocks!
 Data fusion — improves accuracy of GNSS products
- External verification of GNSS orbits
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Orbit verification using SLR

SLR Obs Residuals over Time - All GAL
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Orbit verification using SLR

SLR Obs Residuals over Time - All GAL
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Orbit verification using SLR

SLR Obs Residuals over Time - All GAL
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lon using SLR
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Conclusions

Better corrections = Better positioning
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Conclusions

Ginan — improves GNSS positioning via SSR corrections

ISG contributions improve Ginan’s corrections
-> Better corrected GPS position
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Questions
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Future work

» LEO precise orbits
» LEO positioning — using SOP & LEO PNT sats

* Troposphere modelling
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Fixed-Interval Smoothing (RTS)

» Batch-processes data
within a fixed time Program flow

Interval (e.qg. daily)

* Improves estimation
accuracy across whole Program flow
Interval, particularly
towards the start of run
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Fixed-lag Smoothing

Program flow

- Processes data in N
near-real-time, A
. >
depending on lag N " -}- —
<
» Improves estimation N
accuracy within the last
N timesteps
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Fixed-lag Smoothing

Program flow

» Processes data in T Py
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- >
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Fixed-lag Smoothing

Program flow

° Processes data In sun, sum, sum, sun, 1
near-real-time, R »
depending on lag N \/L.. “',',“. _‘:' T

<
b, D,

- Improves estimation =
accuracy within the last L
N timesteps .
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RTS Smoothing Equations

Pin = Pur + Cr (Priijn — Proa) Ch




RTS Smoothing Equations

G- Egor Cr Grr—Eern)

Pin = Pur + Cr (Priijn — Proa) Ch
where

— P FT P_1 More process noise =
Ck klk k‘l’]- k‘l‘]-lk -> Larger Pk+1|k

~ Smaller Pyt
- Smaller C,
- Smaller impact of future states



Smoothing — An Example
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Troposphere ZWD (m)

Smoothing in Ginan
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MEAN SQUARE ESTIMINATION ERROR

Smoothing in Ginan
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