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Reducing Uncertainty by Incorporating Domain Knowledge Using a Bayesian
Framework

Introduction

Due to the abundance of information collected on the battlefield and increasing communication and storage capa-
bility, domain knowledge is immediately available to a sensor platform. This can be exploited to reduce uncertainty
for signal processing. To incorporate such domain knowledge, we have applied a generic Bayesian framework. Do-
main knowledge is represented as probabilities and incorporated within the prior distribution construction. Sensor
measurements are collected and converted to probabilities as measurement likelihoods to update the prior and
obtain a refined posterior distribution.

A specific application of ballistic missile tracking illustrates the

idea of applying a generic Bayesian framework for domain

knowledge incorporation. The ballistic missile is an example of a

MIDCOURSE threat from the air in modern warfare. To intercept the ballistic
missile, it first needs to be tracked to obtain its state (position,
velocity, etc.).
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A7 ‘ a ballistic missile; they usually concentrate on tracking the
ballistic missile during a particular flight phase. Some works
have attempted to track the whole flight trajectory, using an
interactive multiple model (IMM) based method as in [1].

PASES — Muﬂc Per———— However, in that work, there is an unrealistic constant transition
probability assumption for the traditional IMM. Moreover, the
extended Kalman filtering applied in the IMM scheme is limited
in dealing with the highly non-linear models inherent in the BM
scenario.

Method

A Bayesian framework is exploited to incorporate domain knowledge to achieve more accurate ballistic missile
tracking over the whole flight trajectory. Under the framework, different state models are applied considering
different movement characteristics of a ballistic missile within different phases. The domain knowledge, for
example--the ballistic missile cannot transit from the boost to midcourse when its altitude is low, is used to
construct more realistic model transition probabilities and reduce the uncertainty in the model determination.
Different types of sensors, such as radar, could be applied to measure ballistic missile parameters.
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Considering the non-linearity of the state and measurement models and non-Gaussian properties due to the
incorporation of multiple models, a particle filtering based approach, called the state dependent interactive
multiple model particle filter (SD-IMMPF) [2] is applied to implement the Bayesian framework for the ballistic
missile state estimation. Compared with the traditional IMM method as in [1]:

J more realistic model transition probabilities are considered, and

o a particle filtering approach is applied to overcome the highly non-linear state and measurement models
The developed IMMPF algorithm has been compared with the traditional IMM method for tracking the ballistic
missile trajectory. A simulation of the whole trajectory is made according to parameters in [3] and the root-mean-

square-errors (RMSEs) from multiple Monte-Carlo simulations at every time instance are calculated.

Smaller tracking errors are obtained by the proposed method, especially around time instances when the flight
phase transitions occur.
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Figure 1: Simulated trajectory and Monte-Carlo analysis for position errors.

The proposed Bayesian framework for domain knowledge incorporation and IMMPF implementation algorithms
could be extended to other applications, such as ground vehicle tracking, aircraft tracking, object localization, etc.
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