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Abstract- Background/Objectives: The present study aims to develop a multi-port electric vehicle charging protocol and system based on 

a cloud network in one power grid. Methods/Statistical analysis: The proposed system is designed through the hardware and software, 

which are part of the electric vehicle charger based on the IoT (internet of things) technology. The proposed system is implemented, 

manufactured, and tested on an actual charging environment to verify its performance, the real-time power-control technology realization 

software of the server, and the charger monitoring system software. Findings: We could know our system has more efficiency and 

economics at the installation cost and user convenience in the experiment than the existing charging system. A plan to efficiently manage 

multiple chargers connected within the same power grid to reduce the charging station installation building's introductory electricity rate 

is proposed by more than 55 percent. Improvements: The results are shown through system development and performance verification 

experiments. The proposed system is expected to contribute to the extension of electric vehicle charging infrastructure. 
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1. Introduction 

As electric vehicles (EV) are sold in more significant 

numbers, cases that a large number of EV chargers are 

installed in a single spot are increasing. Due to the unique 

characteristic of housing that is concentrated in 

apartments in South Korea, a large number of EV chargers 

will be installed in a single place. In this circumstance, 

conventionally, power for EV chargers is needed in 

proportion to the number of EV chargers. Therefore, it 

would be a significantly large amount of power, and few 

electricity facilities of existing buildings can supply such 

enormous power. Thus, an additional power supply is 

needed, including much construction cost and the monthly 

payment of the basic electricity rate. Therefore, it will be 

an obstacle to the installation of EV chargers. To solve 

this, the need for an intelligent EV charging system has 

increased to have the same effect only with less than half 

the power compared to the existing method [1,2].  In the 

case of slow chargers, which account for 90% of the whole 

charger market, one limitation on the expansion of 

charging methods is that it is hard to install as several 

charging stations as existing gas stations because the EV 

charging stations require a large space for simultaneous 

charging, there is a long charging time, and there is a vast 
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installation cost for chargers. This study aims to develop 

a cloud system-based multi-port EV charger system that 

can collect charging information from each charger by the 

server in a cloud system environment and control the 

charging when multiple chargers are connected and run in 

a single power network. The EV charger sends its 

information to the server via the Internet of Things (IoT) 

technology. The server controls the charging power of 

individual chargers or interrupts power based on the 

received information. By doing this, a sum of charging 

power in the chargers connected in the same power node 

is monitored in real-time not to exceed the rated capacity. 

Thus, the power amount is automatically distributed 

intelligently to avoid the power breaker interruption that 

may occur when the required power exceeds the 

suppliable power when multiple chargers are installed and 

run in a single spot. This study aims to develop this cloud 

system-based multi-port charging system. Figure 1 shows 

the cloud system-based multi-port EV charger system. 

The IoT-based EV charger system in this study did not 

have an in-built monitor for the user interface inside the 

charger. However, the user interface is designed based on 

a user's smartphone for all charging and billing procedures 

to minimize the EV charger unit price and maintenance 
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cost [3]. 

 

2. Development of IoT technology-based EV charger 

2.1 Design of IoT-based EV charger hardware 

This study implemented a multi-port charger system using 

the master-slave mode. It was designed to supply 32A 

(7kw) power per port, and power is measured for each port 

to charge the electricity bill [3]. Figure 2 shows the 

charging and billing in the proposed cloud system-based 

multi-port charger system.  

The proposed system consists of four parts, as shown in 

Figure 3: hardware and software parts of the IoT-based  

EV charger, software implementation of real-time power 

control technology in the server, and the charger's 

monitoring system. It was designed to enable independent 

pilot communication with EVs for each port and control 

the charger via communication with the smartphone 

through Bluetooth communication [4][5]. Figure 4 shows 

the hardware block diagram of the IoT technology-based 

EV charger, and Figure 5 shows the part of the circuit 

diagram. Table 1 presents the significant specifications of 

the hardware. 

 

 

 

 

 

Figure 1- Conceptual diagram of the multi-port EV charger system based on Cloud Network 
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Figure 2- The charging and billing procedure of the proposed system 

 

 

Figure 3- Block diagram of the field in the research and development 

 

       
Figure 4- Block diagram and PCB of the proposed system
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Figure 5- Circuit diagram of electric vehicle charger firmware  

Table 1: Major hardware standards used in the IoT-

based EV charger system 

Main 

Item 

Model 

Name 
Main Features 

MCU 
STM32F

103VDT 

 Core: ARM 32-bit Cortex™-M3 CPU 

– 72 MHz maximum frequency 

 Memories – 256 to 512 Kbytes of 

Flash memory  

 Up to 112 fast I/O ports – 51/80/112 

I/O 

 Up to 13 communication interfaces  

 CRC calculation unit, 96-bit unique ID  

 Pre-programmed bootloader 

 Seven DMA controller channels 

 Eight communication interface 

peripherals 

Communi

cation 

module 

BT1010 

 Bluetooth® Specification Version 2.1 

+ EDR Compliant  

 Upper layer protocol stack (L2CAP, 

SDP, RFCOMM)  

 Output Power: Class 2 (+4 dBm 

maximum)  

 Hardware Interface: UART  

 Power Supply: 2.7 ~ 3.6V  

 I/O Power supply: 1.7 ~ 3.6V  

Current 

measurem

ent 

module 

78M6610

+LMU 

 Building Automation Systems 

(Commercial, Industrial)  

 Inverters and Renewable Energy 

Systems  

 Level 1 and 2 EV Charging Systems  

 Grid-Friendly Appliances and Smart 

Plugs 

 Four Configurable Analog Inputs for 

Monitoring Any Single-Phase 

Circuit (2/3-Wire) 

 Nonvolatile Storage of Calibration 

and Configuration Parameters  

 Internal or External Oscillator Timing 

References  

 Quick Calibration Routines Minimize 

Manufacturing (System) Cost 

Vehicle 

communi

cation 

module 

DG408D

Y-T1-E3 

 On-resistance - RDS(on): 100   

 Charge Injection - Q: 20 pC 

 Reduced switching errors  

 Reduced glitching  

 Wide supply ranges : 

 Single supply: +5 V to 36 V  

 Dual supplies: ± 5 V to ± 20 V 

 Battery powered systems  

 

2.2 Design of IoT-based EV charger firmware 

Figure 6 shows the firmware block diagram of the Cloud-

based EV charger. Table 2 presents the functions of the 

main modules in the IoT-based EV charger firmware. 
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Figure 6- Block diagram of electric vehicle charger firmware 

 

Table 2: IoT technology-based electric vehicle charger 

firmware's main module functions 

Firmware 

Module  
Main Function  

Evse 

 Integrated management of charging function 

 The charging function is performed using 

EvComm and AcControl sub-modules 

EvComm 

 Module in charge of communication with EVs 

 The maximum power is set according to the 

detection of proximity. 

 Pilot duty control according to the detection of 

pilot status and power amount setup 

AcControl 

 Ac-related power control and management 

 MC and RCD control 

 Control of voltage, current, power, MC, and RCD 

operation status 

 Abnormal status testing such as safety-related 

over-voltage, low-voltage, over-current, and 

MC failure 

Evse 

Comm 

 Communication with the server and charger 

control 

 Transmission of charger status information 

 Charging start and stop, power amount setup 

control - Communication with the server and 

charger control 

 Transmission of charger status information 

 Charging start and stop, power amount setup 

control 

Drivers for 

other 

hardware 

control 

 Built-in peripheral device drivers of MCU such 

as FLASH, RTC, GPIO, TIMER, PWM, and 

ADC 

 MCU built-in I/F drivers such as I2C, UART, and 

SPI 

 External chipset drivers such as HTS221, LoRa 

IoT, and MX25L 

   

2.3 Communication protocol between IoT-based EV 

charger and server  

Figure 7 and Table 3 present the communication 

protocol's operation diagram between the Cloud-based 

EV charger and server and communication protocol. For 

example, the IoT-based EV charger in this study is called 

"eCarPlug," and the server is called "eCarPlug Server" 

[6][7]. 

 

 

TABLE 3: Communication protocol between IoT-based electric vehicle charger and server 

 

 

 

Category Value Note 

Message transmission time up to 10 sec PLNetworks 

Reception elapsed time of response message 

after request message transmission 
up to 30 sec  

Re-attempt if the response message is not 

received after the request message 

transmission 

Interval 30 sec 

Up to 1 min 30 sec 
Count 3 times 

New request message transmission interval 2–10 min.  
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Figure 7- Diagram of communication protocol operation 

 

2.4 Real-time power control technology 

The operation principle of the real-time power control 

technology is as follows: Once another charger attempts 

new charging while the charger group that shares the same 

power is already charging, the server controls the current 

of existing charging chargers to supply 1/n current for 

each charger (n is the number of chargers) to ensure no 

interruption of the total power supply and no safety issue, 

and the server conducts the 1/n current control for the new 

charging charger and distributes power through the  

 

 

charging start command. Figure 8 shows the block 

diagram of the real-time power control. It is implemented 

according to the Electric vehicle conductive charging 

system standard (KC 61851-1) in Korea for EV charging 

control method. The operation block diagram of the KC 

61851-1 standard is shown in Figure 9 [8][9]. In addition, 

the real-time power control technology is implemented 

that if the charging amount requested from a charger 

connected to a node exceeds the threshold, the charging 

amount of each charger is reset, and the reset amount is 

transmitted to each charger.  

 

Figure 8- Block diagram of the real-time power control technology 

    
Figure 9- Operation block diagram of the KC 61851-1 standard 
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If the requested charge on a charger connected to one node 

exceeds the baseline, the charge on each charger is reset, 

and real-time power volume control technology is 

implemented by transmission method to each charger. 

Figure 10. shows a real-time power redistribution 

procedure. 

 

 
Figure 10- Real-time power redistribution procedure 

 

2.4 Development of server module to manage the IoT-

based EV  

The following server module functions are implemented: 

Registration of Cloud-based chargers, storing charger 

information received from each charger in the database 

and monitoring. The server user interface (UI) web 

application is implemented using Java language to meet 

future compatibility and technical trend. For the server 

platform, Linux is used for performance, and the database 

management system (DBMS), MySQL, was employed to 

consider the economy and stability viewpoints. The 

database table design and attributes are made using the 

entity-relationship diagram (ERD), and the relationships 

between tables are set up to verify the efficiency of the 

database design [10]. Figure 11. shows a charger 

monitoring server module. 
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Figure 11- Charger Monitoring Server Module and ER diagram 

 

3. Study Results 

3.1 Implementation of the IoT-based EV charger 

Figure 12 shows the external and internal models of the 

IoT-based EV charger. 

 

 
Figure 12- External and internal model of the Cloud 

based EV charger 
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3.2 Implementation results of the real-time power 

control technology  

Assuming that three vehicles are charged simultaneously, 

three loads in a single charger were applied to a single 

charger simultaneously. The experimental environment is 

developed to verify whether the power is evenly 

distributed and charged in three vehicles, as shown in 

Figure 13. The experimental results verified that the 

power is distributed and charged evenly. Figures 14, 15, 

and 16 show the performance verification of real-time 

power control technology implementation.  

Figures 14, 15, and 16 show the output waveforms of the 

IoT-based EV charger, indicating that the power is 

distributed in real-time when one, two, and three loads are 

applied to the IoT-based EV charger. In addition, these 

figures verify that multiple chargers connected to the same 

power network can be efficiently managed, and the basic 

rate for EV charging can be reduced by more than 55%. 

 

 

Figure 13- Experimental environment for performance 

verification of the real-time power control technology 

 

 
Figure 14- Charger waveform when one load is applied 

(32[A], 53.3%) 

 

 
Figure 15- Charger waveform when two loads are 

applied (16[A], 26.6%) 

 
Figure 16- Charger waveform when three loads are 

applied (11[A], 17.7%) 

 

4. Conclusions 

Currently, nations support and install the cost of 

unmanned EV charger systems, which is highly costly. In 

this study, the cloud system-based multi-port EV charger 

system that can provide a new function of charging 

service was proposed, in which the IoT-based EV charger 

was developed to contribute to the development of rapid 

and stable operating environments for the EV market by 

promoting EV market and relieving the financial burden 

of the nation. This study also developed the server 

module, which collected information in real-time from the 

IoT-based EV charger and stored the information in the 

database. Furthermore, this study presented a measure to 

save the basic electricity rate by more than 55% in the 

building where the charger was installed by efficiently 

managing multiple chargers connected to the same power 

network and verified the performance through the 

development of the system and performance verification 

experiments. Furthermore, this study proposed the cloud 

system-based EV charger system environment and 

implemented the environment, thereby providing the 

environment that can give economic benefits and 

additional services to users and charging service business 

providers. If continuous studies are conducted based on 

the results of this study, it will contribute to the more 

affordable and rapid development of the EV charger 

system infrastructure in Korea than using existing 

methods to be better prepared for the future EV era. 

 

References 

 
[1]. Guidelines for Installing Charging Infrastructure for 

Electric Vehicle Supply and Charging Infrastructure 

Project in 2020,  Ministry of Environment South 

Korea, 2020. 01. [cited 2022 May 6] Available from: 

http://www.me.go.kr/home/file/readDownloadFile.do

?fileId=191618&fileSeq=1 (website) 

[2]. S. Y. Lee, S. J. Park. Technology and Standards 

Trends of Electric Vehicle ICT. Electronics and 

Telecommunications Trends. Electronics and 

Telecommunications Research Institute . Volume 26 

Issue 6. Pages.58-67. 2011. [cited 2022 May 6] 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2022, 10(1s), 141–150 |  150 

Available from: 

https://www.koreascience.or.kr/article/JAKO201152

057194854.pdf (website) 

[3]. T, T., and DR.C.Shanthi. “Performance Development 

for Securing the Data Sharing Services in Cloud 

Storage Using Hybrid Encryption”. International 

Journal on Recent and Innovation Trends in 

Computing and Communication, vol. 10, no. 7, July 

2022, pp. 19-27, doi:10.17762/ijritcc.v10i7.5561. 

[4]. Dursun, M., & Goker, N. (2022). Evaluation of Project 

Management Methodologies Success Factors Using 

Fuzzy Cognitive Map Method: Waterfall, Agile, And 

Lean Six Sigma Cases. International Journal of 

Intelligent Systems and Applications in Engineering, 

10(1), 35–43. 

https://doi.org/10.18201/ijisae.2022.265 

[5]. J. H. Lee, C. J. Seo, K. S. Shin. The Development of a 

Multi-port Slow Charger for Electric Vehicles. Indian 

Journal of Science and Technology, vol 9(24), 2016. 

6. DOI: 10.17485/ijst/2016/v9i24/96034 

[6]. Christian Buckl, Alexander Camek, Gerd 

Kainz, Carsten Simon, Ljubo Mercep, Hauke Stähle, 

et al. The software car: Building ICT architectures for 

future electric vehicles. 2012 IEEE International 

Electric Vehicle Conference. 2012. 04. 

DOI: 10.1109/IEVC.2012.6183198 

[7]. STM32F103VDT6 Datasheet (PDF) – 

STMicroelectronics.  [cited 2021 May 6] Available 

from:https://www.alldatasheet.com/datasheet-

pdf/pdf/516849/STMICROELECTRONICS/STM32

F103VDT6.html (website) 

[8]. Trends and developments in electric vehicle markets. 

Global EV Outlook 2021. International Energy 

Agency. [cited 2022 May 6] Available 

from:https://iea.blob.core.windows.net/assets/ed5f44

84-f556-4110-8c5c-

4ede8bcba637/GlobalEVOutlook2021.pdf (website) 

[9]. ISO 15118-8:2020. Road vehicles — Vehicle to grid 

communication interface — Part 8: Physical layer and 

data link layer requirements for wireless 

communication. 2020 09. [cited 2021 May 6] 

Available from: 

https://www.iso.org/standard/80525.html (website) 

[10]. Meshram, A. A. ., & Abhimanyu Dutonde, A. G. . 

(2022). A Review of Skin Melanoma Detection Based 

on Machine Learning. International Journal of New 

Practices in Management and Engineering, 11(01), 

15–23. https://doi.org/10.17762/ijnpme.v11i01.145 

[11]. Technical Regulations for Electrical and 

Telecommunication Products and Component . 

Korean Agency for Technology and Standard. 

KC61851-1. 2015. 09. [cited 2022 May 6] Available 

from: 

https://www.kats.go.kr/cwsboard/board.do?mode=do

wnload&bid=155&cid=16853&filename=16853_201

411271654378922.pdf  

[12]. Monir, M. B., & Mohamed, A. A. (2022). ENERGY 

AWARE ROUTING FOR WIRELESS SENSOR 

NETWORKS. International Journal of 

Communication Networks and Information Security 

(IJCNIS), 14(1). 

https://doi.org/10.17762/ijcnis.v14i1.5215  

[13]. Focus Group on European Electro-Mobility 

Standardization for road vehicles and associated 

infrastructure. 2011. 01. [cited 2022 May 6] Available 

from: http://www.smart-

grid.org.tw/userfiles/news/ev_report_incl_annexes.pd

f (website) 

[14]. ER Diagram Editor. [cited 2022 May 6] Available 

from: 

https://www.egovframe.go.kr/wiki/doku.php?id=ego

vframework:dev:imp:editor:erd_editor (website) 


