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Abstract 
This thesis proposes a Lithium-ion battery model in consideration of diffusion 

phenomena and a simultaneous estimation method for the State Of Charge (SOC) 
and the log-normalized parameters of the battery using Unscented Kalman Filter 
(UKF). 

In the first chapter, two purposes of the proposed method in this thesis are 
described. One purpose is proposing a Lithium-ion battery model in consideration of 
diffusion phenomena for the model-based SOC estimation. The other purpose is 
simultaneously and accurately estimating SOC and internal impedances to improve 
safety and efficiency of the battery.  

In the second chapter, some related terminologies are defined, previous studies 
in this field are surveyed, and the novelty of the proposed method is verified. 

In the third chapter, an SOC estimation method using a linear equivalent 
circuit model and a cascaded combination of two Kalman filters are described for 
the preparation of the proposed method. 

In the fourth chapter, the Lithium-ion battery model in consideration of 
diffusion phenomena is proposed. This model includes linearized Warburg 
impedance which represents diffusion of Lithium-ions. Two of its merits are that it 
is based on electrochemical phenomena and that it is expressed by relatively small 
number of unknown parameters. The model’s effectiveness is verified by the 
parameter sensitivity plot. 

In the fifth chapter, the simultaneous estimation method for the SOC and the 
log-normalized parameters of the battery using UKF. This method uses technique to 
estimate log-normalized unknown parameters. Three of its merits are; numerical 
stability is improved, estimates of the parameters are always positive values, and 
distributions of the parameters do have log-normalized distributions. This method 
is verified by performing a series of simulations under an Electric Vehicle (EV) 
operating environment. 

In the sixth chapter, this thesis is summarized. 


