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importance in my life, which I believe has led to me being an avid lover of science 
and all manner of seeking answers through experimentation. 

 

 

 

 

 

 

EDUCATION 

M. S., Electrical & Computer Engineering 
Tennessee Technological University 

Cookeville, TN, expected December 2018 
 

B. S., Electrical & Computer Engineering 
Tennessee Technological University 

Cookeville, TN, May 2017 
 

 
 

 

The Department of 

Electrical & Computer Engineering  

Announces the Thesis Defense 

Of 

Jacob C. Fesmire 

In Partial Fulfillment of the Requirements 

For the degree of 

Master of Science 

9:00 a.m. 

Tuesday, November 6, 2018 

Held at 

208 Brown Hall 

115 W 10th Street  

Tennessee Tech University 

Cookeville, TN 38505 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT 

A method for estimating state of charge (SOC) and state of 
health (SOH) using a Neuro-fuzzy modeling algorithm is explored. 
Due to batteries being non-linear systems, producing accurate models 
requires unique and extensive methods, which is why a neuro-fuzzy 
algorithm (artificial intelligence) is used. Knowing this, MATLAB 
was used to program the necessary algorithm to estimate an accurate 
SOC and SOH.  

Both the Neuro-Fuzzy Designer application and ANFIS 
function(s) were tested using data from multiple NaNiMnCo (copper-
doped) and NaFeMnNiO2 batteries. However, this method will work 
for any type of battery, provided the desired data is available. Four 
inputs were used to generate one output. The inputs are voltage, 
current, capacity, and the time-integral of voltage. The output is SOC 
or SOH. This data was compiled and entered into the Neuro-Fuzzy 
Designer and the SOC was estimated. For comparison, the ANFIS 
function(s) in MATLAB was coded to do the same algorithm as the 
Neuro-Fuzzy Designer application, but with more flexibility. The 
ANFIS function(s) along with more coding were used to train the 
neuro-fuzzy algorithm for not only SOC estimation but SOH 
estimation as well.  

Multiple data sets were used to train the algorithm in each case 
(SOC or SOH as output). In the training cases, the SOC or SOH was 
known. However, once the algorithm was trained, it was tested using 
only inputs where the SOC or SOH was not a known parameter (to the 
algorithm). This allowed the analysis of the accuracy of the neuro-
fuzzy algorithm in estimating SOC or SOH dependent on the training 
data used. For the NaNiMnCo battery, the RMSE was found to be 
0.01039 for SOC estimation and 0.000142 for SOH estimation. For the 
NaFeMnNiO2 battery, the RMSE was found to be 0.021329 for SOC 
estimation and 0.023743523 for SOH estimation. In conclusion, 
MATLAB’s ANFIS function(s) was used to train a neuro-fuzzy 
algorithm for SOC or SOH estimation, and the estimation results were 
accurate given the training data. 
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