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Abstract - A reformulated model is capable of predicting the internal states of battery with a full simulation running in 
milliseconds without compromising on accuracy. This paper demonstrates the feasibility of using this reformulated model 
for control-relevant real-time applications. The reformulated model is used to compute optimal protocols for battery 
operations to demonstrate that the computational cost of each optimal control calculation is low enough to be completed 
within the sampling interval in model predictive control (MPC). Observability studies are then presented to confirm that 
this model can be used for state-estimation-based MPC. A moving horizon estimator (MHE) technique was implemented 
due to its ability to explicitly address constraints and nonlinear dynamics. The MHE uses the reformulated model to be 
computationally feasible in real time.  
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I. INTRODUCTION 

     Electric vehicles are playing a key role because of its zero-emission of harmful gases and use of efficient energy. 
Electric vehicles are equipped by a large number of battery cells which require an effective battery management 
system (BMS) while they are providing necessary power. The battery installed in electric vehicle should not only 
provide long lasting energy but also provide high power. Lead-acid, Lithium-ion, -metal hydride are the most 
commonly used traction batteries, of all these traction batteries lithium-ion is most commonly used because of its 
advantages and its performance. Battery management system (BMS) makes decisions based on the battery charging 
and cell voltage, temperature, etc. To ensure safe operation of the battery pack, the Battery Management System 
(BMS) has to make sure the cells remain in this safety window. Electric vehicles are becoming more commonplace 
as the technology matures and gas prices remain higher than in previous decades. While the internal combustion 
engine still dominates much of the world’s roads, electric vehicles and hybrids (vehicles with both an internal 
combustion engine and some form of electric motor) are more prevalent in urban areas than previous decades. 
Electric vehicles do not have any on board power generation and rely solely on stored energy in batteries to power 
the electric motors during operation.  
 
     This paper outlines a scalable method of determining the voltage across each battery in an electric vehicle 
charging and an eventual path for the development of a real-time battery monitoring for use in the Department 
Electric Vehicle. The Internet of Things (IOT) is the network of devices such as vehicles, and home appliances that 
contain electronics, software, actuators, and connectivity which allows these things to connect, interact and 
exchange data. An IOT ecosystem consists of web-enabled smart devices that use embedded processors, sensors and 
communication hardware to collect, send and act on data they acquire from their environments. IOT devices share 
the sensor data they collect by connecting to an IOT gateway or other edge device where data is either sent to the 
cloud to be analyzed or analyzed locally. Sometimes, these devices communicate with other related devices and act 
on the information they get from one another. The devices do most of the work without human intervention, 
although people can interact with the devices -- for instance, to set them up, give them instructions or access the 
data. The connectivity, networking and communication protocols used with these web-enabled devices largely 
depend on the specific IOT applications deployed. 

 
II. EXISTING SYSTEM 

The existing system for an IOT-based battery monitoring system in an electric vehicle would typically describe the 
limitations and drawbacks of current battery monitoring systems and highlight the need for a more advanced and 
comprehensive solution. Here's a possible section on the existing system. Nowadays, electric vehicle (EV) is 
becoming popular since the fuel prices becoming more expensive. Due to this scenario, many vehicle manufacturers 
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looking for alternatives of energy sources other than gas. A real-time Battery Monitoring System (BMS) using the 
coulomb counting method for SOC estimation and messaging-based MQTT as the communication protocol, based 
on ease of implementation and less overall complexity. The BMS is implemented using sufficient sensing 
technology, central processor, interfacing devices, and Node-RED environments on the hardware platform.  
 

III. PROPOSED SYSTEM 
Our proposed system consists of three main components: battery sensors, a gateway device, and a cloud platform. 
The battery sensors are placed in each battery cell to measure key parameters such as voltage, current, temperature, 
and state of charge. These sensors transmit data wirelessly to the gateway device, which aggregates and processes 
the data before sending it to the cloud platform. The cloud platform hosts a database and analytical tools to process 
the battery data and provide actionable insights to vehicle owners, manufacturers, and service providers. Users can 
monitor the health and performance of their batteries through a web or mobile application, receive alerts for 
potential issues, and access historical data for trend analysis and predictive maintenance.  

 

Fig.1 Proposed Block Diagram 

     The IOT based battery management system for electric vehicle is proposed. This system consists of voltage 
sensor to detect the voltage and update in IOT. The temperature sensor is used to sense the battery temperature; if 
there is increase in temperature buzzer alert is given and displayed in LCD. For safety purpose the system is 
interfaced with fire sensor that detects the fire in the battery and gives alarm. The overvoltage button indicates when 
the voltage exceeds certain level. The measured parameters are updated in IOT and displayed in LCD display. 
Previous battery monitoring system only monitors and detects the condition of the battery and alarmed the user via 
battery indicator inside the vehicle. Due to the advancement of the design of notification system, internet of things 
(IOT) technology can be used to notify the manufacturer and users regarding the battery status. 
The Arduino integrated development environment (IDE) is a cross-platform application 
(for Windows, macOS, Linux) that is written in the programming language Java. It is used to write and upload 
programs to Arduino board. Arduino is an open-source electronics platform based on easy-to-use hardware and 
software. Arduino boards are able to read inputs - light on a sensor, a finger on a button, or a Twitter message - and 
turn it into an output - activating a motor, turning on an LED, publishing something online. You can tell your board 
what to do by sending a set of instructions to the microcontroller on the board. 
 

IV. METHODOLOGY 
 

     The objective is the battery health estimation of battery management an effective method to predict the battery 
aging process with accurate battery health estimation SOH and RUL of a Li-Ion 18650 cell which are based on 
various factors like state of charge, discharge voltage transfers characteristics, internal resistance and capacity. To 
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identify an optimal SOH and RUL machine learning based estimation approach, various batteries’ statistical models 
are developed and implemented on a standalone hardware platform. In existing system Kalman filter   based scheme 
has been implemented in existing system Fuzzy logic based health condition of battery system has been 
implemented Series and parallel cell balancing based health condition of battery has been implemented. 

 
V. SIMULATION 

     A neural network (NN) is a mathematical model whose parameters have no direct reflection of the physical or 
chemical structures of the original model. Feed forward and recurrent are the types of NN architecture design. They 
utilized a time series prediction system. Yang et al. used maximum available capacity to indicate the battery’s SOH 
based on a back propagation neural network. A direct parameter extraction method was employed to identify the 
parameters of the first-order ECM. Then, a three-layer back propagation neural network was proposed to estimate 
SOH, whose inputs were the parameters of the first-order ECM and output was the current value of SOH. From the 
experiments, it was found that when ohmic resistance increases SoH reduced and when SOC ranges between 20% 
and 90% ohmic resistance increases and SoC decreases. Artificial neural network (ANN) is known for its simplicity. 
It can handle nonlinear data, and it is not necessary to take all the details of the battery during modeling. For data-
driven model, the feature extraction is a crucial part to determine the input variables.  

 

Fig.2 Passive Cell Balancing Method 

Feed Forward Neural Network (FFNN) is adopted to capture the correlation between extracted features and 
capacity degradation. First of all, data platform has no limitation of calculation effort unlike onboard application, 
and the database is large enough for creating the sample dataset with sufficient quality and size. Furthermore, as the 
inherent property, FFNN has great superiority for multidimensional non-linear problems and high fault-tolerance 
FFNN model are comprised of the interconnected neurons distributed in multiple layers.  

 

Fig.3 Active Cell Balancing Method 
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Fig.4 Performance Curve 

 
 

Fig.5. Hardware 

 
VI. CONCLUSION 

     In this paper, we have proposed an IOT-based battery monitoring system for electric vehicles that leverages 
wireless communication and cloud computing to collect and analyse battery data in real-time. Our system offers 
granular and accurate insights into battery health and performance, real-time monitoring and analysis capabilities, 
cloud-based analysis, and enhanced safety. Through our experiments and evaluations, we have demonstrated the 
effectiveness and reliability of our system in detecting potential issues and providing actionable insights to users. 
We have also shown that our system can be easily integrated into existing electric vehicle infrastructure and can 
scale to accommodate large fleets of vehicles.  
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