KALMAN FILTERING [ELT

m Predictive Analytics

Kalman filtering is a highly innovative
estimation and optimization technique which
ISG has specialist expertise in, and is used in
many of its projects and toolkits. Kalman filters
(KFs) estimate the state of a dynamic system
from a series of noisy measurements, allowing
for precise estimation of parameters of
interest (that may not be directly observable).

KFs also perform data fusion, allowing for
multiple sensor types to be integrated
together. KFs enable real-time estimation of
complex including live navigation,
tracking, targeting and positioning capabilities.
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Historical data — Prediction mean = Prediction + 3 sigma Upper/lower thresholds

PREDICTER toolkit utilising Kalman filtering
to perform real-time telemetry prediction

ISG has expertise in applying KFs in several areas, including orbit determination & data
fusion of satellite tracking data, predictive analytics of time-series data, and precise

GPS positioning.

Applications

Precise GPS positioning

Non-GPS positioning (e.g. 5G, LEO, etc.)
Satellite orbit determination
Spacecraft tracking

Data fusion of multiple sensor types
Data integrity / QC / anomaly detection
Data smoothing

Forecasting of time-series data

Sensor bias estimation

Estimating unobservable parameters
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ISG’s expertise in Kalman filtering

Use of Kalman filtering in several ISG toolkits,
including PREDICTER, TASKER, Metric Tracking
Data Analysis (MTDA) and Geoscience Australia's
National Positioning Infrastructure Capability.

Advanced Kalman filtering techniques to
increase accuracy and integrity of GPS products

Backward and fixed-lag smoothing

Automatic process & observation noise tuning

Improved state transition modelling
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KALMAN FILTERING

Case Study - PREDICTER

ISG has applied KFs to the problem of
ballistic missile trajectory prediction for
its PREDICTER tool.
PREDICTER informs operators of the
~ following in real-time:
: e Predicted missile trajectory with
‘cone’ of uncertainty
e Upcoming flight corridor violations

/ ! . o Estimated ground-impact area
| o Debris field scatter upon launch
termination

Case Study - Precise GPS Positioning

ISG conducted a multi-stage project (2019-2021) GNSS Analysis National Positioning

Infrastructure

for Geoscience Australia as part of the National . X ¥ Capabiliy (NFIC)

Positioning Infrastructure Capability.
This involved improvements to the Kalman filtering 3 :
methodology and supporting analytics, resulting in ) @
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an improvement of GNSS positioning accuracy - g |- o

and mobile
coverage

from *5m to #5cm. National network of

positioning infrastructure

About Us

We are a specialist data sciences company combining engineering with mathematics
and advanced statistics to deliver exciting change for industrial organizations.

e Multi-disciplinary and multi-sector approach to analytics.
e Skills in astrodynamics, math & stats models and software - all under “One Roof”.
e Commercial implementation of state-of-the-art research.
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