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Industrial Sciences Group

15 years’ experience in implementing state-of-the-art
research in advanced analytics to deliver commercial

outcomes
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Outline

The Ginan software toolkit

Section 1 15G's contributions to Ginan

Section 2 Smoothing

Section 3 First-order Gauss Markov modelling
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Ginan — Overview
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Ginan — Overview
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Ginan — Overview

Better corrections = better positionin
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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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An Example

Smoothing
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Smoothing — An Example

® K ® Ry
Forward Pass

‘ @

5@ The Industrial
Sciences Group 22



Smoothing — An Example

- - (= p = = ) =

o % % BN

Sﬁ The Industrial
Sciences Group 23



Smoothing — An Example

- - (= p = = ) =

% % ¢ AN

2

t=0 t

P

I
=
—

I
N




Smoothing — An Example

) @ | - . ] |

o % % BN




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

0.3000
0.2500
0.2000
0.1500
0.1000
0.0500
0.0000
0.0500

-0, 1000

Trop Zenith Wet Delay

0.0040

0.0035 |

0.0030

0.0010

Troposphere ZWD {m)

0.0000
-0.0005

20 40 60 80 100
Epoch #

State Estimate

0.0025 |
0.0020 |
0.0015 |

0.0005 |

Forward Pass
Backward Pass

Trop Zenith Wet Delay

20 40 &0 80 100
Epoch #

Variance

l%"' The Industrial
g @ Sciences Group 29




Troposphere ZWD (m)

Smoothing in Ginan Forward Pass
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First-Order
Gauss-Markov
Modelling

Using the Right Model
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White Noise to Random Walk
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White Noise to Random Walk

FOGM Random Walk
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FOGM modelling in Ginan

* [Graph of FOGM results]
Better corrections

Better positioning
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Conclusions

Better corrections = Better positioning
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Conclusions
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Better corrections = Better positioning
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Questions
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Appendix
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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



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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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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Troposphere ZWD (m)
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Residual (m)
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Residual (m)
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