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Abstract. This paper studies the battery capacity monitoring system on solar pan-
els in electric cars using the IoT-based NodeMCU ESP8266. All of these systems
were built with the aim of making it easier for workers to manage incoming
power consumption when charging the battery while preventing battery damage
so that battery life can last longer and the use of battery becomes more optimal.
This study uses blynk via smartphone and Oled 128 x 64 to see the percentage of
battery capacity. After testing the monitoring accuracy, an average error value of
0.97% was obtained. In testing a 12 V /7 Ah battery using a solar panel with a
capacity of 50 WP, it takes 4.5 hours to charge the battery with an average current
of 1.74 Amperes. Battery charging can also be controlled via a smartphone by
pressing the OFF button on the blynk application.
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1 Introduction

Solar power plants require maintenance or checking of the battery electrical system to
see the condition of the battery so that the quality and quality of the battery are continu-
ously maintained. This maintenance is still done manually by the officer in charge. Man-
ual performance by officers can actually be made easier if there is a special monitoring
control made for the observation system, especially the battery at the solar power plant
center. This can be overcome by using a microcontroller because of its association with
low voltage and direct current. Its use can be done directly and it will be easy if later
remote observation is needed because it can also be displayed on a smartphone[1].

In solar power generation systems, batteries are used as power storage, the power
stored in the battery will be used during periods of low solar radiation or at night, for
this reason the battery must remain in good condition so that its use can run smoothly[2]-

[4].

Monitoring the state of charge (SOC) is tricky because it reflects the internal state of
the battery[5], [6]. There are no instruments or sensors that can directly measure SOC.
It must be removed from the battery current or voltage. Thus, the term SOC estimate is
used instead of SOC measurement. There are many approaches to determining battery

© The Author(s) 2024

M. U. H. Al Rasyid and M. R. Mufid (eds.), Proceedings of the International Conference on Applied Science and
Technology on Engineering Science 2023 (iCAST-ES 2023), Advances in Engineering Research 230,
https://doi.org/10.2991/978-94-6463-364-1_45


mailto:jefri@polbeng.ac.id
mailto:abdulhadi@polbeng.ac.id
mailto:adam@polbeng.ac.id
mailto:hikmatul_amri@polbeng.ac.id
https://doi.org/10.2991/978-94-6463-364-1_45
http://crossmark.crossref.org/dialog/?doi=10.2991/978-94-6463-364-1_45&domain=pdf

IoT Based Battery Capacity Monitoring System 485

SOC parameters[7]. Each of these actions has its own weaknesses. There will be no risk
of overcharging the battery if the percentage is calculated correctly.

This study designed an loT-based monitoring control system for battery conditions
using the NodeMCU microcontroller as a controller for observations to be carried out
by smartphone.

Blynk is a server service used to support Internet of Things projects. This server
service has a mobile user environment for both Android and IOS. The Blynk application
as an IoT supporter can be downloaded through Google Play for Android users and
through the App Store for i0S users. Blynk supports a wide variety of hardware that can
be used for Internet of Things projects. Blynk is a digital dashboard with a graphical
interface for project creation.

NodeMCU is a microcontroller similar to Arduino[8], [9]. NodeMCU has an ad-
vantage over Arduino, namely that there is an ESP8266 system on chip that has been
embedded in the nodeMCU, while Arduino is that nodeMCU does not have 1/O pins like
Arduino. ESP8266 works for Wifi network connectivity. NodeMCU is based on a wide
range of programming languages but can also use the Arduino IDE for program-
ming[10].
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Fig.1. Block I/O pins on NodeMCU

The INA219 sensor is used to measure electric current[11]. The INA219 Sensor
Module is a module that is supported by measuring capabilities that are capable of meas-
uring load sources up to 26 VDC and 3.2 amperes of current. This is a small but cool
sensor module because it not only measures current, but can also measure voltage via
12¢ communication with a precision level of 1% by utilizing ohm's law multiplication
and can also calculate the wattage, the amount of power that can be measured using this
module is can reach more than 75 watts of power.

The LM2596 module has 4 pins, 2 left DC input pins and 2 right DC output pins. This
module is used to lower the dc voltage as needed[12]. To reduce the voltage from the
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step down module, this can be done by changing the position of the potentiometer and
measuring the output voltage with a multimeter.

2 Experimental Setup

In the control system for observing battery conditions in solar panel systems using
NodeMCU based on IoT, there are several components that play a very important role
in the initial to the final process of the tool's work system, including there is a very im-
portant main component, namely the battery which plays an important role in the power
generation system. Solar cells are used to store the electrical power generated by solar
cells. In addition, the designer also uses a solar charger controller which functions to
regulate the direct current that enters the battery because the solar charge controller reg-
ulates overcharging (overcharging - because the battery is full and the excess voltage
from the solar panel / solar cell. Excess voltage and charging will reduce battery life.

In the design of the battery condition observation control system using the
NodeMCU ESP8266 microcontroller which has a wifi module that has been provided
on the microcontroller so that observations can be accessed via the internet[13]-[15]. In
the design of the tool to be made, it requires the INA219 sensor which will be connected
to the NodeMCU ESP8266 microcontroller so that users can monitor the value of the
voltage flow through OLED and smartphones, monitoring using the smartphone in ques-
tion is by using the application that has been provided, namely the Blynk application
which has received data from NodeMCU. The design of this tool also uses an OLED
display to see the percentage of the accumulator battery. Apart from that, in designing
this tool, the author will create a control system for the battery where when the battery
is in a reduced condition due to a load, the tool can control battery charging via a
smartphone and can also disconnect charging when the battery is fully charged.

The block diagram of the battery condition monitoring control system in a power
generation system using Arduino-based IoT can be seen in Figure 2.

Solar panels [—w- SCC = Relay
i
NodeMCU Battery
ESP2866 \ +
/ \ INA2L9
Smartphone Oed displays SENSOrS

Fig.2. Research Block Diagram

Hardware is the device that will be used in the tool making system. The purpose of
this design is to plan or design hardware according to the specifications and work sys-
tems of the control system for observing battery conditions in solar panel systems using
the IoT-based NodeMCU ESP8266. The hardware design can be seen in Figure 3.
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Fig. 3. Hardware Design

Software design is software used in programming a control system for observing
battery conditions in a solar power generation system using the loT-based NodeMCU
ESP8266. The software design can be seen in Figure 4.

Fig.4. Software Design

3 Results and Discussions

This monitoring tool is packaged in an acrylic box with a size of 11 x 7.5 x 4 cm,
equipped with 1 power button, 1 terminal 6 block for the battery and solar panel, as
shown in Figure 5.
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Fig. 5. The results of the devicedesign

The pin configuration between the INA219 sensor module and NodeMCU ESP8266
can be seen in table 1 and is described as follows:

a. 3V NodeMCU ESP8266 is connected to the VCC sensor INA219
b. GND NodeMCU ESP8266 is connected to GND sensor INA219
c. D1 NodeMCU ESP8266 is connected to SCL sensor INA219

d. D2 NodeMCU ESP8266 is connected to SDA sensor INA219

Tablel. Configure INA219 sensor to NodeMCU ESP8266

NodeMCU ESP8266 INA219
3V VCC
GND GND
D1 SCL
D2 SDA

This system uses a 128x64 OLED which is used to display data that has been read
by the INA219 sensor on an OLED screen placed above this tool. The pin configuration
between OLED 128x64 to NodeMCU ESP8266 can be seen in table 2 and is described
as follows:

a. 3V NodeMCU ESP8266 connected to VCC OLED 128x64

b. The GND of the NodeMCU ESP8266 is connected to the GND of the 128x64 OLED
¢. D1 NodeMCU ESP8266 is connected to SCL OLED 128x64

d. D2 NodeMCU ESP8266 connected to SDA OLED 128x64

Table2. Configure Oled 128x64 to NodeMCU ESP8266
NodeMCU ESP8266 Oled 128x64

3V VCC
GND GND
D1 SCL

D2 SDA
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Monitoring on blynk can be done by installing the blynk application via playsote for
Android users or the App Store for IOS users. Apart from using a smartphone, blynk can
also be accessed using a desktop by opening the blynk website in a browser. The blynk
display on a smartphone can be seen in Figure 6.
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Fig.6. Display of data on the blynk application

Testing the NodeMCU ESP8266 Wifi on the blynk application which is used as a
remote communication link or so-called Internet of Things (IoT) based, this test is
carried out to find out how far the wifi connection on NodeMCU can be connected. The
NodeMCU ESP8266 Wifi test on the blynk application can be seen in Table 3.

Table 3. Testing the NodeMCU ESP8266 Wifi on the blynk application

No. Distance (meters) Description
1 0 Connect
2 20 Connect
3 100 Connect
4 200 Connect
5 500 Connect
6 1000 Connect
7 1200 Connect
8 1400 Connect

Testing the NodeMCU ESP8266 Wifi to the blynk application on the battery
condition observation control system using remote control via a smartphone using the
blynk application which can be installed via the play store and app store, in testing the
blynk application it includes a battery charging control button and there is also voltage
monitoring that's in the battery. With a distance of 1400 meters it is still connected while
there is still an internet network.

In this test it was carried out to find out the sensor output results that the INA219
sensor had read. The following is the result data from the INA219 sensor test which can
be seen in table 4.
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Table 4. INA219 Sensor Testing

No. Inplx/ tht);tage I\;;it;gge ;;J::r Voltage (()\;1°I\t’)oltmeter
(Volt)

1 5 5,27 5,35
2 6 6,41 6,51
3 7 7,19 7,28
4 8 8,14 8,22
5 9 9,07 9,15
6 10 10,23 10,30
7 11 11,16 11,25
8 12 12,31 12,40
9 13 13,11 13,19
10 14 14,30 14,39

The data obtained in Table 4 is the result of testing the tool using a power supply
with a voltage regulator potentiometer. The test is carried out by adjusting the potential
on the power supply that is used as the input voltage, starting from 5 V DC to 14 V DC
on the power supply connected to the device.

This test is carried out to determine the comparison between the battery charging
time using calculations and during testing. The battery that will be charging is a battery
with a capacity of 12 V /7 Ah. The length of time it takes to charge a battery is influenced
by various factors, one of which is the charging current, the battery is said to be full
when the battery voltage has reached 12.8 V. The following is a battery charging test
using a solar panel with a capacity of 50 Wp and a battery of 12 V /7 Ah can be seen
in Table5.

Table 5. Battery Charging Test

No Time Voltage Current Power Battery
(Volt) (Ampere) (Watt) capacity (%)

1 10.00 14,58 1,9 27,702 30 %
2 10.30 14,35 1,8 25,83 36 %
3 11.00 14,52 1,9 27,588 45 %
4 11.30 14,55 1,9 27,645 49

5 12.00 14,88 2,1 31,248 53

6 12.30 14,22 1,7 24,174 65

7 13.00 14,13 1,7 24,021 78

8 13.30 13,98 1,5 20,97 84

9 14.00 13,84 1,5 20,76 93
10 14.30 13,55 1,4 18,97 100

From the data obtained after carrying out the battery charging test, it is known that
the time needed to charge the battery from a battery percentage position of 30% to 100%
takes 4.5 hours, using a 50 WP solar panel and a 12 V /7 Ah battery. In the process of
charging the battery that affects the charging time of the battery is the charging current,
the greater the charging current, the faster the charging time.
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Fig. 7. Overall testing

Overall testing in this study was carried out on a battery and solar panels to monitor
battery charge. The test was carried out using a 12 VDC battery as a battery charging
experiment. The testing process using solar panels and batteries can be seen in Figure
7.

4 Conclusion

This research has succeeded in monitoring the capacity of IoT-based batteries through
the blynk application. Display on the blynk in the form of voltage and voltage level.
The NodeMCU ESP8266 test is still connected at a distance of 1400 meters. The aver-
age percentage of error in the value of the voltage reading on the sensor and measuring
instrument after conducting 10 trials is 0.97%. The highest percentage of voltage error
when the sensor is working is 1.5% while the lowest percentage of voltage error is
0.62%. These results show that the INA219 sensor is feasible. The time needed to
charge the 12 V /7 Ah battery on this tool using a solar panel with a capacity of 50 Wp
with an average charging current of 1.74 A, which is 4.5 hours.

5 Acknowledgment

This research was carried out thanks to the support of the Bengkalis State Polytechnic.

References

1. X. Wang, X. Yi, and H. Ding, “Battery Monitoring System Design Based on NB- IoT,” in 2022 First
International Conference on Cyber-Energy Systems and Intelligent Energy (ICCSIE), 2022, pp. 1-5.
doi: 10.1109/ICCSIE55183.2023.10189334.

2. G. G. Vijaya, N. Aruna, S. Janadharani, and N. D. Varshini, “IoT based Lithium-lon Battery
Monitoring System in Electric Vehicle,” in 2023 Third International Conference on Artificial
Intelligence and Smart Energy (ICAIS), 2023, pp- 1092-1096. doi:
10.1109/ICAIS56108.2023.10073696.

3. Y. Hu, “Research on Battery Monitoring Technology Based on Internet of Things,” in 2021
International Conference on Signal Processing and Machine Learning (CONF-SPML), 2021, pp. 150—
153. doi: 10.1109/CONF-SPML54095.2021.00037.

4. 1. Gonzalez, A.J. Calderon, and F. J. Folgado, “IoT real time system for monitoring lithium-ion battery
long-term operation in microgrids,” J. Energy Storage, vol. 51, pp. 1-16, 2022, doi:
10.1016/j.est.2022.104596.



492

10.

11.

12.

13.

14.

J. Lianda et al.

M. Surendar and P. Pradeepa, “An I0T-based Battery Surveillance System For E-Vehicles,” in Fifth
International Conference on I-SMAC, 2021, pp. 119—124. doi: 10.1109/I-SMAC52330.2021.9640928.
C. S. Cabading, J. F. Natividad, and R. V. Santiago, “Design of A Hybrid Renewable Energy System
with IoT Monitoring and Battery Management,” in 2022 IEEE 14th International Conference on
Humanoid, Nanotechnology, Information Technology, Communication and Control, Environment,
and Management (HNICEM), 2022, pp. 1-6. doi: 10.1109/HNICEM57413.2022.10109524.

S. Kale and B. N. Chaudhari, “IoT Based Battery Monitoring System,” in 2022 International
Conference on Advances in Computing, Communication and Materials (ICACCM), 2022, pp. 1-5. doi:
10.1109/ICACCM56405.2022.10009576.

Nikhil, K. Sharma, S. Khubalkar, P. Daigavane, and P. Vaidya, “loT-Enabled Battery Monitoring
System for Enhanced Electric Vehicle Performance,” in 2023 3rd International Conference on
Intelligent Technologies (CONIT), 2023, pp. 1-6. doi: 10.1109/CONIT59222.2023.10205665.

D. Bahmanyar, N. Razmjooy, and S. Mirjalili, “Knowledge-Based Systems Multi-objective
scheduling of IoT-enabled smart homes for energy management based on Arithmetic Optimization
Algorithm : A Node-RED and NodeMCU module-based technique,” Knowledge-Based Syst., vol. 247,
pp. 1-19, 2022, doi: 10.1016/j.knosys.2022.108762.

M. Kashyap, V. Sharma, and N. Gupta, “Taking MQTT and NodeMcu to I0T: Communication in
Internet of Things,” Procedia Comput. Sci., vol. 132, no. Iccids, pp. 1611-1618, 2018, doi:
10.1016/j.procs.2018.05.126.

D. Darwis, A. R. Mehta, N. E. Wati, S. Samsugi, and P. R. Swaminarayan, “Digital Smart Collar :
Monitoring Cow Health Using Internet of Things,” in 2022 International Symposium on Electronics
and Smart Devices (ISESD), 2022, pp. 1-5. doi: 10.1109/ISESD56103.2022.9980682.

J. Lianda and H. Amri, “Application Cosmic Lora Ray for the Development of Peatland Forest Fire
Prevention System in Indonesia,” Int. J. Intell. Syst. Appl. Eng., vol. 11, no. 2, pp. 864-869, 2023.

D. Selvabharathi and N. Muruganantham, “Materials Today : Proceedings Experimental analysis on
battery based health monitoring system for electric vehicle,” Mater. Today Proc., vol. 45, pp. 1552—
1558, 2021, doi: 10.1016/j.matpr.2020.08.303.

D. H. de la Iglesia, F. L. Alejano, A. H. de la Iglesia, H. S. S. Blas, L. A. Silva, and J. L. Alfonso,
“Design of a low-cost IoT device for the estimation of the state-of-health (SOH) of reused lithium
batteries,” in 2023 6th Conference on Cloud and Internet of Things (CloT), 2023, pp. 171-175. doi:
10.1109/CIoT57267.2023.10084881.

15. N. Nadhiroh and R. Fierdaus, “IoT based Battery Storage Temperature Monitoring System,” 2022 5th

Int. Conf. Comput. Informatics Eng., pp. 258-261, 2022, doi: 10.1109/IC2IE56416.2022.9970080.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	IoT Based Battery Capacity Monitoring System on Solar Panels in Electric Vehicle

