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Content

• Teaching 

• EEE316 

• EEE526 

• Research 

• Fault Diagnosis with Volvo Car Corporation, Sweden 

• Digital Shadow of a Manufacturing System with Technische Hochschule 
Augsburg, Germany 

• Autonomous Drone System 

• Research Equipment at School of Engineering, Ulster University



Teaching



EEE316 (2nd Year, Before placement, Sem 2 Feb–Jun)

• Modelling a dynamic system (electrical and mechanical) 

• Calculating output as function of time  

• Quality of response of a system  

• Steady-state errors  

• Routh-Hurwitz stability criterion  

• Frequency response (backgrounds and plotting) 

• Controller design (concept of PID etc.) 

• State space 



EEE526 (3rd Year, After placement and before FYP, Sem 1 Sep–Dec)

• Introducing mechatronics  

• System models (adding hydraulic, pneumatic, and thermal) 

• Dynamic responses of systems  

• Frequency response (system identification from plots) 

• Closed-loop controllers (circuitry design) 

• Programmable logic controllers  

• Sensors  

• Actuation systems  

• Fault finding 



Research 



Fault Diagnosis

• PhD in fault diagnosis (FD) using Sliding Mode Observer 

• 2014–2015 

• Postdoctoral researcher at the Division of Vehicular Systems (FS), Linköping University, Sweden 

• Worked with Volvo Car Corporation (VCC) on advanced FD schemes in engines using model-based and 
data-driven methods 

• Instrumental in developing a Digital Twin on Matlab/Simulink platform for realistic Model-In-The-Loop 
testing of residuals generation and FD methods for the following: 

• Realistic modelling and control of the engine 

• Injection and simulation of a variety of actuator, sensor, and variable faults in the engine 

• In-house designed algorithm for additional residuals selection 

• In-house designed algorithm for alarm generations, residuals monitoring, as well as Fault Isolation (FI) 

• Simulation and FI of system with intermittent residuals 

• 2016 — Visiting researcher (invited back to FS to complete the project and final presentation at VCC R&D HQ 
in Göteborg)



Digital Twin of Engine System for Control and Fault Diagnosis Research

Ng et al., IEEE CSM, 2020. DOI: 10.1109/MCS.2019.2961793

https://doi.org/10.1109/MCS.2019.2961793


Fault Diagnosis Algorithms

Closed-loop engine control system and the residuals generator

Ng et al., IEEE CSM, 2020. DOI: 10.1109/MCS.2019.2961793 
Jung et al., CEP, 2018. DOI: 10.1016/j.conengprac.2018.08.013 
Ng et al., IEEE CoDIT’20, 2020. DOI: 10.1109/CoDIT49905.2020.9263792

Visualising residual data using dimensional  
reduction technique

Nominal Pressure fault  
in air filter

Intercooler pressure  
sensor fault

Fault isolation analysis

https://doi.org/10.1109/MCS.2019.2961793
https://doi.org/10.1016/j.conengprac.2018.08.013
https://doi.org/10.1109/CoDIT49905.2020.9263792


Digital Shadow of a Manufacturing System

Actual physical system Digital shadow

Wucherer et al., arXiv, 2023. DOI: 10.48550/arXiv.2302.03504

https://doi.org/10.48550/arXiv.2302.03504


Digital Shadow of a Manufacturing System

Wucherer et al., arXiv, 2023. DOI: 10.48550/arXiv.2302.03504

Synthetic vs Real Data

https://doi.org/10.48550/arXiv.2302.03504


Autonomous Drone System

• Participation in the annual 
Mathworks Minidrone 
Competition 

• Team consists of mainly FYP 
students

 8x Speed



Research Equipment at School of Engineering

INTECO Antilock Braking (ABS) and Dual-Rotor Systems

Festo Didactic Manufacturing and Assembly System with Robotino

Dell OneFS and PowerScale Digital Twin Solution
www.dell.com

Coming in 2024

Autonomous Mobile Cobot Systems Turtlebots





Research Collaborators and Partners 


