Introduction to Data Fusion KC-3
Course Content

Day 1:

1. Introduction

1.1 Elements of Data Fusion

1.2 States, Observations and Decisions
1.3 Building Models

1.4 Summary

2. Probabilistic Data Fusion

2.1 Probabilistic Models

2.2 Probabilistic Methods

2.2.1 Bayes Theorem

2.2.2 Data Fusion using Bayes Theorem

2.2.3 Recursive Bayes Updating

2.2.4 Data Dependency and Bayes Networks

2.2.5 Distributed Data Fusion with Bayes Theorem
2.2.6 Data Fusion with Log-Likelihoods

2.3 Information Measures

2.3.1 Entropic Information

2.3.2 Conditional Entropy

2.3.3 Mutual Information

2.3.4 Fisher Information

2.3.5 The Relation between Shannon and Fisher Measures
2.4 Alternatives to Probability

2.4.1 Interval Calculus

2.4.2 Fuzzy Logic

2.4.3 Evidential Reasoning

2.4.4 Qualitative Models

Laboratory 1: Data Fusion With Bayes Theorem



Day 2:

3. Multi-Sensor Estimation

3.1 The Kalman Filter

3.1.1 State and Sensor Models

3.1.2 The Kalman Filter Algorithm

3.1.3 The Innovation

3.1.4 Understanding the Kalman Filter

3.1.5 Steady-State Filters

3.1.6  Asynchronous, Delayed and Asequent Observations
3.1.7 The Extended Kalman Filter

3.2 The Multi-Sensor Kalman Filter

3.2.1 Observation Models

3.2.2 The Group-Sensor Method

3.2.3 The Sequential-Sensor Method

3.2.4 The Inverse-Covariance Form

3.2.5 The Distributed Multi-Sensor Kalman Filter
3.2.6 Track-to-Track Fusion

3.2.7 The Distributed Inverse Covariance Filter
3.3 Non-linear Data Fusion Methods

3.3.1 Likelihood Estimation Methods

3.3.2 The Particle Filter

3.3.3 The Sum-of-Gaussians Method

3.3.4 The Distribution Approximation Filter (DAF)

4. Multisensor Multi-Target Estimation

4.1 Data Association

4.1.1 The Nearest-Neighbour Standard Filter
4.1.2 The Probabilistic Data Association Filter
4.1.3 The Track Splitting Filter

4.1.4 The Multiple-Hypothesis Filter

4.2 Multisensor Data Association

4.2.1 From Single to Multiple Sensor Associations
4.2.2 Deterministic Track-to-Track Assignment
4.2.3 Probabilistic Track-to-Track Assignment
4.2.4 Decentralised Data Association

4.2.5 Maintaining and Managing Track Files

Laboratory 2: Multisensor, Multi-Target Estimation



Day 3:

5. Decentralised Data Fusion Systems

5.1 Data Fusion Architectures

5.1.1 Hierarchical Data Fusion Architectures

5.1.2 Distributed Data Fusion Architectures

5.1.3 Decentralised Data Fusion Architectures

5.2 Decentralised Estimation

5.2.1 The Information Filter

5.2.2 The Decentralised Information Filter

5.2.3 Decentralised Multi-Target Tracking

5.2.4 Decentralised Identification and Bayes Theorem
5.3 Communication in Decentralised Sensing Systems
5.3.1 The Channel Filter

5.3.2 Communication Topologies

5.3.3 Model Decentralisation

5.4 Decentralised Management

5.4.1 Sensor Management

5.4.2 Communications Management

5.4.3 Organisation and System Design

6. Making Decisions

6.1 Actions, Loss and Utility
6.1.1 Utility or Loss

6.1.2 Expected Utility or Loss
6.1.3 Risk Functions

6.2 Bayesian Decision Theory
6.2.1 Robustness

6.2.2 Information Value

6.2.3 Making Decisions

6.3 Decision Making with Multiple Information Sources
6.3.1 The Super Bayesian
6.3.2 Multiple Bayesians
6.3.3 Nash Solutions

6.3.4 Solution Conflicts

Laboratory 3: Decentralised Data Fusion



