
Course 

Type 
Course Code Name of Course L T P Credit 

DE NEED517 Advanced Estimation Techniques 3 0 0 3 

 

Course Objective 

 To introduce the principles of estimation and probabilistic inference in engineering systems and 

understanding the state-space modelling, Gaussian inference, and Kalman filtering methods for 

real-world systems. Further, it provides practical insight into linear and nonlinear estimation 

methods through different examples and familiarize students with modern approaches in 

simultaneous state and parameter estimation. 

Learning Outcomes 

After completion of this course, the students will be able to: 

 Understand the need for estimation and uncertainty modelling. 

 Represent physical systems in state-space form suitable for estimation and control. 

 Apply linear and nonlinear Kalman filters for system state and parameter estimation. 

 Perform basic estimation tasks using software tools (such as MATLAB/Python) 

 

Unit 

No. 
Topics to be covered 

Lecture 

Hours 
Learning Outcome 

1 

Introduction to Estimation: Estimation in engineering 

systems, hidden-state estimation, measurement errors and 

noise, intuitive concept of filtering using averaging and 

moving windows. 

6L 

Understand the motivation for 

estimation and identify its role in 

practical systems. 

2 

Fundamentals of State-Space Modelling and System 

Uncertainty: Review of state-space system modelling, 

conversion of differential equations to discrete-time, 

introduction to noise, covariance, Gaussian assumptions, 

formation of process and measurement models. 

6L 

Represent physical systems in 

state-space form and understand 

sources of uncertainty and noise. 

3 

Gaussian Probabilistic Inference and Linear Kalman 

Filter: Review of Gaussian random variables, 

probabilistic inference, sequential prediction and 

correction, derivation of Kalman filter. 

6L 

Learn the fundamentals of linear 

estimation and the role of Kalman 

filtering in systems. 

4 

Kalman Filter Application: Kalman filters study in 

MATLAB/Python, tuning of covariance matrices, 

convergence and stability, estimation of various 

parameters in example systems. 

6L 

Apply Kalman filter techniques 

and interpret estimation results. 

5 

Nonlinear Kalman Filters (EKF/UKF) and 

Applications: Study of Extended Kalman Filter and  

Unscented Kalman Filter, applications. 
4L 

Analyze nonlinear estimation 

problems and implement 

EKF/UKF for nonlinear systems. 

6 

Simultaneous State and Parameter Estimation: 

Parameter variations due to aging, augmented-state 

formulation, dual estimation, practical considerations. 

6L 

Understand simultaneous state 

and parameter estimation 

techniques. 

7 

Extensions and Advanced Estimation Case Studies: 

Estimation using multiple sensors, case studies - model-

plant mismatch and its impact, smoothing, sigma-point 

filtering overview, EKF/UKF tuning. 

8L 

Extend estimation principles to 

practical systems, Gain insight 

into advanced, research-level 

estimations 

 Total 42L  

 

Textbook:  

1. Grewal, M. S. and Andrews, A. P., “Kalman Filtering: Theory and Practice Using MATLAB”, John Wiley 

& Sons, 2015. 

Reference Books:  

1. Haykin, S., “Kalman Filtering and Neural Networks”,  John Wiley & Sons, 2001. 

2. Simon, D., “Optimal State Estimation: Kalman, H∞, and Nonlinear Approaches”, John Wiley & Sons, 2006. 


