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Workstream 1 – Proposed Summer Project 

 

Project title:  Comparison of symbolic differentiation, automatic differentiation, and numerical 
differentiation to solve system of nonlinear equations 

 

Relevant Workstream(s): WS1 

This project is offered to help in the ongoing research in the Future Architecture of Network (FAN) 
programs, where the benefit, design and analysis of DC electricity grids are explored. The FAN 
project is a 7-year, New Zealand wide research program led by the University of Canterbury. The 
project is broken into five workstream, where this summer student project is a part of Workstream 
1, which is the development of fast and accurate numerical analysis tools to simulate large-scale 
hybrid AC/DC grids, such as Power-Flow Analysis, Fault Analysis, Harmonic Analysis, Transient 
Stability, and Electromagnetic Transients. Also, WS1 proposes future architecture of the hybrid 
AC/DC, which will be the focus of this project. 

 

Project Description 

Evaluating partial derivatives of multivariable functions is a common requirement in solving 
engineering models. For example, in solving system of nonlinear equations by Newton Raphson 
method, evaluation of Jacobian is one of the most important steps.  Classical symbolic or manual 
differentiation, as commonly done on pen and paper, is cumbersome and can be hard to scale when 
the number of variables increases. Numerical differentiation significantly reduces manual effort but 
can be imprecise due to numerical and finite precision-based errors. Hence, automatic 
differentiation techniques, which combine the flexibility of numerical differentiation and 
computational speed of symbolic differentiation, are being largely adopted. In the context of 
machine learning, auto differentiation1 forms the driving engine behind the backpropagation 
technique used to train neural networks. 

Partial derivatives in context of hybrid AC/DC systems are used to evaluate the solution of system of 
nonlinear equations through Jacobian matrix. The nonlinear equations occur in the form of power 
mismatch at each node and converter control equations. Hence, this project will involve exploring 
auto differentiation for conducting time domain simulations of non-linear equation encountered 
typically in closed loop systems of Voltage Source-Based AC/DC converters (VSC) and will contain the 
following tasks: 

1) Build a theoretical foundation of auto differentiation techniques (forward differentiation 
and reverse differentiation) 

2) Compare the three differentiation techniques for equations pertaining to power system 
applications with respect to speed and accuracy. 

3) Develop an auto differentiation based Jacobian calculator for closed loop control 
equations represented in predefined format. 

4) Utilize the Jacobian in solving the time domain equations of non-linear equations in a 
pre-existing EMT (Electro Magnetic Transient) based simulation tool. 



The potential candidate will: - 

1) Build strong mathematical foundation of auto differentiation, its importance in machine 
learning and its advantages through implementation. 

2) Get exposure to scientific computing for engineering applications. 

Specific requirements 

• BSc (2nd or 3rd year), Bachelor of Applied Data science student or BE (2nd year and 3rd year 
electrical engineering student) 

• Good mathematical fundamentals especially in multivariable calculus or real analysis. 
• Experience in C/C++ will be helpful. 
• Willing to work in collaboration with domain experts. 
• Good academic track record. 
• High proficiency in written and spoken English. 
• Enthusiastic applicants (any nationality) that want to make a positive impact in the world 

and can work in a collaborative environment. 
 
Potential Supervisor(s) - could be confirmed later: Aprajay Verma, Josh Schipper, Neville Watson. 

Based in: University of Canterbury, EPECentre. 
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