
Course project: example

• https://github.com/mitmath/1
• A good final project will include:
• An extensive introduction and bibliography putting the algorithm in context. Where did it 

come from, and what motivated its development? Where is it commonly used (if 
anywhere)? What are the main competing algorithms? Were any variants of the 
algorithm proposed later? What do other authors say about it?

• A clear description of the algorithm, with a summary of its derivation and key properties. 
Don't copy long mathematical derivations or proofs from other sources, but
do summarize the key ideas and results in the literature.

• A convincing validation on a representative/quasi-realistic test problem (i.e. show that 
your code works), along with an informative comparison to important competing 
algorithms. For someone who is thinking about using the algorithm, you should strive to 
give them useful guidance on how the algorithm compares to competing algorithms: 
when/where should you consider using it (if ever)? Almost never rely on actual timing 
results — see below!

https://github.com/mitmath/1


Course project: starting from Nov. 1

• Submit a one-page proposal: describe the scope of the work
• Algorithms and applications relevant to the class topic
• You are encouraged to read/find algorithms and implement them into our 

applications or similar applications in other areas
• Example: finding roots of a high-order polynomials

• Weekly update report 
• Final presentation
• Final report



Project ideas

• Use measurement data to find Ybus matrix
• Kron reduction – paper reading

• G. Kron, “A method to solve very large physical systems in easy stages,” Trans. 
IRE Prof. Group Circuit Theory, vol. PGCT-2, pp. 71–90, Dec. 1953. 

• Induction motor unbalance analysis
• EMT simulation results match analysis results



Idea 1: 
• We just learned about Ybus and Zbus. Today I came across a PHD dissertation from Georgia 

Tech. https://smartech.gatech.edu/bitstream/handle/1853/63600/LATEEF-DISSERTATION-
2020.pdf?sequence=1&isAllowed=y (Links to an external site.)

• It appears that the PhD work mainly focuses on using measurements to come with Ybus matrix. I am pretty 
curious on how. While the dissertation is pretty long, to get a quick review on the particular technology of 
using measurement to find Ybus matrix, I referred to the PhD student's 5-page conference paper published 
in IEEE PESGM 2019. See enclosed.

• The idea is very simple: While we have I = YV. We may have [I_t1, I_t2, I_t3, ...I_tn] = Y[V_t1, V_t2,... V_tn] 
where "_ti" means the measurement taken at different snap shots. The system may operate at different 
generation/loading conditions. With the right side big matrix V, we can do inverse, or carry out least square 
estimation, given the assumption that the big V matrix is "invertible". Or using linear algebra's term, the 
condition number of the matrix is not overly large.

• So here is a project idea: Replicate this paper's core technology and work out a demo example. You may start 
from a two-bus system and then scale up. Show that you can get current injection, voltage measurement 
and further obtain Ybus matrix. Validate the Ybus matrix using the prior knowledge. One can use 
MATPOWER or even, SimScape to collect phasor data.

• The paper mentioned quite a few math tools: QR factorization, least square estimation, LSE+ regulation. 
Note the later is the core technology of machine learning. To do a decent job, one may learn how to do least 
square estimation + regulation. This will all be taught in this class. Tools of optimization will be introduced.

https://smartech.gatech.edu/bitstream/handle/1853/63600/LATEEF-DISSERTATION-2020.pdf?sequence=1&isAllowed=y


Critical steps

• Generate data
• Use data to assemble Ybus matrix
• More: relate Thevenin equivalent impedance with the learned Ybus

matrix
• Deliverables: EMT model, data, codes



Idea 2: Kron reduction:

• Understand various applications
• Replicate a few examples from the paper

• Explain the use of Kron reduction from these examples

• Deliverables: codes



Star to delta

Floridus et al, 2019, Approximate Kron Reduction 
Methods for Electrical Networks With Applications 
to Plug-and-Play Control of AC Islanded Microgrids 





• How much computing advantage can Kron reduction provide for load 
flow, state estimation, and voltage stability analysis

Performance Assessment of Kron Reduction in the Numerical Analysis of Polyphase Power Systems



Idea 3: Mod2.pdf

• Major reference: Krause’ machine book


