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Introduction
With the rising popularity of electric vehicles (EVs), 
the issue of range anxiety has become increasingly 
prevalent among EV drivers. Substandard lithium-
ion batteries utilized in EVs not only diminish the 
rated cruise range but also pose safety hazards and 
exacerbate traffic congestion. Amidst these challenges, 
the integration of an efficient Battery Management 
System (BMS) emerges as a viable solution to alleviate 
range anxiety and extend battery lifespan without 
burdening customers with additional costs for battery 
replacement. However, despite the commercialization 
of numerous BMS solutions, significant limitations 
persist. Firstly, existing BMS solutions often rely 
on pre-established models of lithium-ion batteries, 
necessitating prior knowledge of the State-of-Charge 
to Open Circuit Voltage (SOC-OCV) curve, thereby 
restricting adaptability. Secondly, State-of-Charge 
(SOC) estimation methodologies predominantly 
rely on filter-based approaches, lacking optimality 
and robustness.To address these issues, this project 
conducts preliminary studies focusing on key BMS 
technologies, encompassing battery modeling, SOC 
estimation, and hardware implementation. Delving 
into these areas enables the industry to overcome 
existing limitations, paving the way for more advanced 
and effective BMS solutions in the realm of electric 
vehicle technology.

Study Methods
The fast-charging data for the Sanyo battery 18650 
3.7V 2.6Ah is acquired under the (CC BY 4.0) 
license, providing a foundational dataset for our 
research endeavors. Leveraging this dataset, our 
research team embarks on constructing a robust 
battery model through a systematic two-step process. 
Initially, we develop the static component of the 
equivalent circuit model (ECM), comprising diverse 
features, and identify the parameters using the Least 
Absolute Shrinkage and Selection Operator (LASSO) 
technique. Subsequently, we tackle the dynamic aspect 

of the ECM, representing it as a discrete transfer 
function. Through iterative refinement, we minimize 
model error without reliance on prior knowledge of 
the SOC-OCV curve. 

Next, we proceed to construct the moving horizon 
estimator (MHE), a pivotal component in real-time 
SOC estimation. The objective function of the MHE 
incorporates two critical terms. The first term aims to 
minimize the disparity between voltage measurements 
and corresponding values derived from the battery 
model within a pre-defined estimation window. And 
the second term focuses on minimizing discrepancies 
in SOC change, calculated via the Coulomb counting 
method and those derived from the battery model 
over the same estimation window. Solving this 
optimization problem facilitates real-time SOC 
estimation.

Finally, to bridge the gap between algorithmic 
development and practical application, we implement 
the Coulomb counting approach on an FPGA board, 
a crucial step in real BMS development. We utilize 
MATLAB SIMULINK for algorithm development, 
seamlessly converting it to Hardware Description 
Language (HDL) automatically. This HDL code 
can then be directly deployed onto the FPGA board, 
ensuring efficient and effective integration of our 
algorithm into real-world BMS systems.

Findings
The proposed study has the following findings:

•	 Enhancing the traditional ECM involves 
introducing additional, functional features into 
the static components while keeping the dynamic 
components as the first-order z-transfer function. 
Employing feature selection techniques, such as 
LASSO, can screen all the introduced features 
and improve the model accuracy. 
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•	 Despite its time-intensive nature, MHE 
demonstrates high accuracy in the SOC estimation, 
particularly when both voltage and current are 
integrated into the optimization process. 

•	 MATLAB/SIMULINK emerges as a user-
friendly and versatile platform for both high-level 
software programming and Hardware Description 
Language (HDL) coding, facilitating seamless 
development for FPGA integration. 

These findings collectively contribute to the 
advancement of battery management systems, offering 
insights into optimizing model accuracy and real-time 
SOC estimation, alongside streamlined development 
processes through MATLAB/SIMULINK.

Policy Recommendations
The research findings underscore two key 
recommendations:

1.	 Exploring advanced feature extraction and 
selection methods in the data-driven modeling 
of battery energy storage systems offers a 
promising avenue to circumvent the need for 
complex electrochemical equations. By leveraging 
sophisticated approaches, such as machine 
learning algorithms, researchers can potentially 
enhance accuracy and efficiency in battery 
modeling without resorting to computationally 
intensive methods.

2.	 Integration of optimization-enabled hardware, 
such as Field-Programmable Gate Arrays 
(FPGAs), in conjunction with the MATLAB 
platform during Battery Management System 
(BMS) development, holds significant potential to 
bolster battery performance. This synergy between 
hardware and software enables streamlined 
execution of optimization algorithms, facilitating 
real-time decision-making and optimization 
processes, ultimately leading to improved battery 
efficiency and longevity.
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The moving horizon estimator applied on an 
enhanced equivalent circuit model achieves 
high accuracy in state-of-charge estimation.

transweb.sjsu.edu/csutc
transweb.sjsu.edu/research/23225




Accessibility Report





		Filename: 

		Battery Management System Development for Electric Vehicles_RB_202407_REM.pdf









		Report created by: 

		Nellie Kamau, Catalog Librarian, Nellie.kamau.ctr@dot.gov



		Organization: 

		DOT, NTL







 [Personal and organization information from the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 27



		Failed: 2







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Failed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Skipped		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Failed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



