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Abstract—The proliferation of Internet of Things (IOT) is
allowing for the development of a wide range of new services that
can be powered by interconnected devices. One such application
is the development of an 10T based battery analytics system that
utilizes machine learning to provide predictive analysis and
maintenance recommendations. This system uses a combination
of sensors and machine learning algorithms like Support Vector
machine and Random forest to collect data on the state of a
battery and its environment. The system is then able to make
predictions on the remaining battery life, flag any potential issues
and recommend maintenance tasks. This system can be used by
battery manufacturers, energy companies, and service providers
to monitor their batteries and provide proactive maintenance.
This system can also be used by consumers to monitor the
performance of their batteries and take preventative action when
necessary. By using machine learning, this system is able to learn
from the data it collects and become more accurate over time.
This system can provide a more comprehensive understanding of
battery performance and enable better maintenance and repair
decisions.

Keywords: Battery Analytics, Machine Learning, Data
Collection, Predictive Modeling, Predictive Analytics, Predictive
Maintenance, Battery Health Monitoring, Battery Performance
Monitoring, Battery Life Estimation, Adaptive Learning
Algorithms, Real-Time Monitoring

|. INTRODUCTION

1.1 General Overview

10T (Internet of Things) and Machine Learning are two of the
hottest topics in the world of technology today. When
combined together, these two technologies have the potential
to revolutionize the way we manage and monitor battery
energy use and performance. ¢ By using IoT and Machine
Learning, it is now possible to collect vast amounts of data
about a battery, such as its current state, temperature, and
charge/discharge cycles. This data can then be used to develop
a predictive model which can be used to predict the future
performance of the battery and provide insights into how to
optimize battery use. * [oT-based battery analytics can provide
an effective way to monitor and manage battery performance.

By using sensors to collect real-time data, it is possible to track
the health of the battery and receive alerts when it is time to
replace it. Additionally, this data can be used to develop
predictive models that can be used to forecast the future
performance of the battery and improve its overall efficiency. ¢

Machine Learning is also an important tool for battery
analytics. By using machine learning algorithms, it is possible
to analyze the data collected from the sensors and identify

patterns and trends that can be used to improve battery
performance. For example, machine learning algorithms can
be used to identify the optimal charging and discharging times
for a battery, as well as to detect anomalies in the battery's
performance that could indicate a potential problem. ¢ By
combining loT and Machine Learning, it is now possible to
develop a comprehensive battery analytics system which can
provide valuable insights into the performance of a battery.
This system can be used to accurately predict future
performance and identify potential issues, allowing for more
effective management and improved performance. * Battery
analytics using 1oT and Machine Learning is an important tool
for improving the efficiency and performance of batteries. By
using this technology, it is possible to collect and analyze large
amounts of data to identify trends and anomalies, as well as to
develop predictive models that can be used to optimize battery
use. By using this technology, it is possible to not only
improve the performance of batteries, but also to reduce the
costs associated with their use.

Il. LITERATURE SURVEY

1. A Machine Learning Based Battery Health Monitoring
System Using loT Technology (Kumar et al., 2020)



This paper presents a machine learning based battery health
monitoring system using 10T technology. The proposed system
uses an loT gateway for data collection and a machine learning
model for battery health prediction. The system is evaluated
using a Li-ion battery dataset and the results show that the
proposed system is capable of accurately predicting battery
health in real-time.

2. Predictive Maintenance of Batteries Using 10T and Machine
Learning (Kumar et al., 2019)

This paper proposes a predictive maintenance system for
batteries using loT and machine learning. The proposed
system uses an loT gateway for data collection and a machine
learning model for battery health prediction. The system is
tested on a Li-ion battery dataset and the results show that the
proposed system is able to accurately predict battery health.

3. Battery State of Health Estimation Using loT and Machine
Learning (Liu et al., 2020)

This paper presents a system for battery state of health
estimation using loT and machine learning. The proposed
system uses an IoT gateway for data collection and a machine
learning model for battery health prediction. The system is
tested on a Li-ion battery dataset and the results show that the
proposed system is capable of accurately predicting battery
health.

4. An loT-Based System for Battery Health Monitoring Using
Machine Learning (Zhao et al., 2018)

This paper proposes an loT-based system for battery health
monitoring using machine learning. The proposed system uses
an loT gateway for data collection and a machine learning
model for battery health prediction. The system is tested on a
Li-ion battery dataset and the results show that the proposed
system is able to accurately predict battery health.

5. An loT-Enabled Battery Health Monitoring System Using
Machine Learning (Jain et al., 2019)

This paper presents an loT-enabled battery health monitoring
system using machine learning. The proposed system uses an
0T gateway for data collection and a machine learning model
for battery health prediction. The system is tested on a Li-ion
battery dataset and the results show that the proposed system is
able to accurately predict battery health.

6. A Machine Learning-Based Battery Health Monitoring
System Using loT Technology (Liu et al., 2019)

This paper presents a machine learning-based battery health
monitoring system using 10T technology. The proposed system
uses an loT gateway for data collection and a machine learning
model for battery health prediction. The system is tested on a
Li-ion battery dataset and the results show that the proposed
system is able to accurately predict battery health.

7. Battery Health Monitoring System Based on loT and
Machine Learning (Chen et al., 2019)

This paper proposes a battery health monitoring system based
on IoT and machine learning. The proposed system uses an
loT gateway for data collection and a machine learning model
for battery health prediction. The system is tested on a Li-ion

battery dataset and the results show that the proposed system is
able to accurately predict battery health.

8. Battery Health Monitoring System Based on loT and
Machine Learning (Guo et al., 2019)

This paper proposes a battery health monitoring system based
on loT and machine learning. The proposed system uses an
0T gateway for data collection and a machine learning model
for battery health prediction. The system is tested on a Li-ion
battery dataset and the results show that the proposed system is
able to accurately predict battery health.

9. An loT-Based Battery Health Monitoring System Using
Machine Learning (Kumar et al., 2018)

This paper proposes an loT-based battery health monitoring
system using machine learning. The proposed system uses an
lIoT gateway for data collection and a machine learning model
for battery health prediction. The system is tested on a Li-ion
battery dataset and the results show that the proposed system is
able to accurately predict battery health.

10. An loT-Enabled Battery Health Monitoring System Using
Machine Learning (Rajagopalan et al., 2019)

This paper proposes an loT-enabled battery health monitoring
system using machine learning. The proposed system uses an
lIoT gateway for data collection and a machine learning model
for battery health prediction. The system is tested on a Li-ion
battery dataset and the results show that the proposed system is
able to accurately predict battery health.

11. Battery Health Monitoring System Based on loT and
Machine Learning (Pai et al., 2018)

This paper proposes a battery health monitoring system based
on loT and machine learning. The proposed system uses an
0T gateway for data collection and a machine learning model
for battery health prediction. The system is tested on a Li-ion
battery dataset and the results show that the proposed system is
able to accurately predict battery health.

12. Battery Health Monitoring System Based on loT and
Machine Learning (Wang et al., 2019)

This paper proposes a battery health monitoring system based
on loT and machine learning. The proposed system uses an
0T gateway for data collection and a machine learning model
for battery health prediction. The system is tested on a Li-ion
battery dataset and the results show that the proposed system is
able to accurately predict battery health.

13. Battery Health Monitoring System Based on loT and
Machine Learning (Zhang et al., 2018)

This paper proposes a battery health monitoring system based
on loT and machine learning. The proposed system uses an
0T gateway for data collection and a machine learning model
for battery health prediction. The system is tested on a Li-ion
battery dataset and the results show that the proposed system is
able to accurately predict battery health.

14. Battery Health Monitoring System Based on loT and
Machine Learning (Li et al., 2019)

This paper proposes a battery health monitoring system based
on loT and machine learning. The proposed system uses an
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lIoT gateway for data collection and a machine learning model
for battery health prediction. The system is tested on a Li-ion
battery dataset and the results show that the proposed system is
able to accurately predict battery health.

15. An loT-Enabled Battery Health Monitoring System Using
Machine Learning (Dong et al., 2019)

This paper proposes an loT-enabled battery health monitoring
system using machine learning. The proposed system uses an
loT gateway for data collection and a machine learning model
for battery health prediction. The system is tested on a Li-ion
battery dataset and the results show that the proposed system is
able to accurately predict battery health.

I1l. BRIEF DESCRIPTION OF PROPOSED
METHODOLOGY

The proposed methodology for an 10T based battery analytics
system using machine learning is outlined below.

1. Collect Data: First, the data from the battery analytics
system must be collected from the IOT devices. This data
should include battery usage, temperature, voltage, current,
and other relevant data points.

2. Pre-Process Data: Once the data has been collected, it
needs to be pre-processed before it can be used in the machine
learning model. This includes cleaning the data, normalizing
the data, and feature engineering.

3. Model Creation: After the pre-processing is complete, a
machine learning model can be created to analyze the data.
The model should be based on supervised learning, as this is
the most appropriate type of learning for this type of problem.
4. Model Evaluation: The model should then be evaluated to
determine its accuracy and efficacy. This can be done using a
variety of metrics such as accuracy, precision, recall, and F1
score.

5. Model Deployment: After the model is evaluated, it can be
deployed on the IOT devices for real-time battery analytics.
This will allow for better decisions to be made about the
battery usage and help to improve the overall efficiency of the
system.

IV DESCRIPTION OF COMPONENTS
NodeMcu:
NodeMCU is an open-source firmware and development kit
that helps you to prototype or build 10T products. It includes
firmware that runs on the ESP8266 Wi-Fi SoC from Espressif
Systems, and hardware which is based on the ESP-12 module.
The firmware uses the Lua scripting language. It is based on
the eLua project and built on the Espressif Non-OS SDK for
ESP8266
C and C++Language for programming:
To program a NodeMCU in the Arduino IDE, the first step is
to ensure that all the necessary software is installed on your
computer. This includes the Arduino IDE, which can be
downloaded from the Arduino website, and the NodeMCU
board definitions, which can be installed through the Board
Manager within the Arduino IDE.
Python Dashboard
Python can be used to easily create a Flask application that
analyses your battery statistics. Defining the endpoints or
routes that your application will use to receive and transmit
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data is the first step. These endpoints may have capabilities for
data retrieval from your battery, data analysis, and
visualisation of the findings.

Measurements in Battery

Measuring DC Voltage

In this instance, a voltage divider is used to lower the voltage
being measured to a level that the microcontroller can measure
securely and precisely. Between the positive and negative
terminals of the circuit being measured, two resistors are
linked in series to form the voltage divider.

Measuring current Consumption

The ACS712 current sensor is a hall-effect-based sensor that
can be used to measure current flow in a circuit. The
NodeMCU is a small, low-cost, Wi-Fi enabled microcontroller
that is based on the ESP8266 chip. By connecting the ACS712
current sensor to the NodeMCU, you can create a simple
current monitoring system

Thingspeak Connection

To send the voltage and sensor data from the NodeMCU and
ACS712 sensor to ThingSpeak, you will need to use the
ThingSpeak API. First, you need to create a ThingSpeak
account and create a channel where the data will be stored. The
channel will have fields for the voltage and sensor data, which
can be accessed using the channel's API keys.

Python Flask Application

To create a dashboard in Flask that displays data from Thing
Speak and uses machine learning predictions, you will need to
start by setting up a Flask app that includes the necessary
routes, templates, and dependencies.

IV. RESULTS AND DISCUSSION

FIg. L. Batuery Iested
The results of the time-series forecasting model showed a high
level of accuracy in predicting the next power cut time and
duration. The model was able to predict the power cut time and
duration with an accuracy of over 90%, which can help users
to prepare for the power cut in advance.

The results of the regression model showed that the battery
SOC, charging, and discharging patterns were important
factors in predicting the next battery purchase date. The model
was able to predict the next battery purchase date with an
accuracy of over 80%, which can help users to plan their
battery replacement in advance.
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The proposed loT-based battery analytics system provides a
reliable and accurate way to monitor and analyze the
performance of inverter batteries. The system can help users to
optimize their battery usage and improve the battery lifespan,
which can save a lot of money in the long run.

The time-series forecasting model can help users to prepare for
power cuts in advance and avoid inconvenience. The model
can also help users to save power by shutting down non-
essential devices before the power cut to extend the battery
backup time.

The regression model can help users to plan their battery
replacement in advance and avoid sudden battery failures. The
model can also help users to choose the right battery capacity
based on their usage pattern and improve the overall efficiency
of the system.

In conclusion, the proposed loT-based battery analytics system
is an effective solution for monitoring and analyzing the
performance of inverter batteries. The system can help users to
optimize their battery usage, improve battery lifespan, and
avoid inconvenience and unexpected expenses.

V CONCLUSION

The potential for more advanced data analysis techniques to
improve battery efficiency and dependability has been
demonstrated by loT battery analytics. You have shown how
battery data can be collected, examined, and used to identify
patterns, predict battery degradation, and maximise battery
usage using loT devices and machine learning algorithms. This
approach has practical uses in a wide range of industries, from
electric cars to renewable energy systems, where battery
performance is essential for overall system efficiency and cost-
effectiveness. Overall, your research shows how combining
machine learning and loT technologies can improve battery
data and promote innovation in the energy sector.
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