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and the constraints of the power system. As a tool for information support of the control process, a system of fuzzy
control of charging stations of electric vehicles in real time based on a microcon-troller is considered. Planning for
charging electric vehicles (EVs) in conditions The power limit of the charg-ing station is carried out using the Coef-
ficient EV charging algorithm. The algorithm involves controlling the charging of electric vehicles by assigning a
weight factor (WCC) to each vehicle connected to the charging station. Optimization of the electrical load of the
charging station is carried out from the standpoint of min-imizing electricity costs and meeting the demand for
charging electric vehicles without going beyond the network limitations. Computer simulation of the charging
mode of electric vehicles and the load of the charging station was performed. The results of modeling the charging
of electric vehicles using the pro-posed algorithm in the Matlab Simulink environment are compared with the
results of modeling using cal-culations on the Arduino Mega 2560 board. The proposed implementation approach
on the Atmega 2560 microcontroller provides a reduction in power consumption during peak hours of the power
grid, as well as on-demand SOC charging of all connected electric vehicles.
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L2 HaljioHaNbHMIA TeXHIYHWI YHiBepcUTeT YKpaiHu
«KMIBCbKUI NOMITEXHIYHWUI IHCTUTYT iMmeHi Iropsa Ci-

e 00CniOHeHHA hoKycyemobca HA rnpobaemi ynpasniHHA
u ¢7 y y p y p KOPCbKOro»,

eHepaoepekmusHicmio ¢aomy enekmpomobinie asmo-
mpaHCcnopmHo20 nionpuemcmaea, Wo yHKYioHye 8 ymo-
80X 8€/1UKO20 MiCMa, 3 YyPaxy8aHHAM 8UMO2 CMIliKOi eneK-
mpomobinbHocmi ma obmexceHb eHepaocucmemu. AK iHcmpymeHm iHghopmayiliHo2o 3a6e3neveHHs npoyecy
ynpasniHHA po32aa00emMbCA CUCMEMA HEeYiMmKOo20 KepysaHHA 3apAOHUMU CMAHUiaMU enekmpomobinie y peasb-
HOMYy Yaci Ha 0OCHO8i MiIKpOKoOHMpoepa. HasedeHe naaHy8aHHA 3apAOHCAHHA enekmpomobinise (EV) e ymosax
0bMexeHHs nomymHocmij 3apsa0HOI CMAHYii BUKOHAHO 3 BUKOPUCMAHHAM AA120pUMMY 3aPAOHAHHA HA OCHOBI
He4Yimkoi no2iku ma onmumizauii 3 ypaxyHaHHAM obMexceHb NPUECHAHHSA. Anzopumm nepedbayae KOHMPOsib
3apA0KU  enekmpomobinie  WAAXOM [PUCBOEHHA 680208020 I[HOeKcy 3apAdxcaHHa (CWI) koxHomy

HaB4a/ibHO-HayKOBWI iHCTUTYT eHeprosbeperkeHHsn
Ta eHepromeHeaKMeHTy
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mpaHcropmHomy 3acoby, nidkaryeHomy 00 3apAOHOI cmaHuyii. Onmumizayito enekmpu4yHo20 Has8aHMa-
YEeHHA 3apAa0HOI cmaHYii BUKOHAHO 3 no3uyili MiHiMi3ayii sumpam enekmpoeHepeii ma 3a6e3nevyeHHA nonumy
Ha 3apA0Ky enekmpomobinie 6e3 8uxody 3a 0bMexceHHS Mmepexti. BUKOHOHO KoM’ tomepHe MoOento8aHHS pe-
HUMY 30pAOHCAHHA enekmpomobinie ma HaBaHMaxeHHA 3apAOHOI cmaHUyji. Pezyasmamu mo0desnto8aHHA 3a-
PAOKU enekmpomMobinie 3 BUKOPUCMAHHAM 3arpPONoHO8AaHO20 anzopummy 6 cepedosuwyi Matlab Simulink no-
PiBHIOIOMbCA 3 pe3ysbmamamu MOOeMOBAHHSA 3 BUKOPUCMAHHAM obuucneHb Ha naami Arduino Mega 2560.
3anponoHosaHuli nioxid peanizayii Ha MmikpokoHmposnepi Atmega 2560 3a6e3neyye 3HUXEHHA eaneKkmpoco-
HUBAHHSA 8 200UHU MiKOBUX HABAHMAMEHb e/1eKMPUYHOI Mepexcti, @ MaKkox« 3apAa0Ky Ha sumozy SOC ecix nio-
Kraro4eHux enekmpomobinis.

Knrouosi cnoea: napk enekmpomobinie, Hedyimka soeika, piseHs 3apady, sazosuli iHOEKC 3apAOHCAHHA, MIKPO-

KoHmposep.

Introduction. Most of the solutions to the problem of charg-
ing a large number of EVs are based on various types of plan-
ning and the creation of their charging profile - charging sce-
narios with technical limitations. These restrictions depend
on the situation at the charging station (the number of EVs,
their charging levels, the possibility of simultaneous service,
the declared charging time). A convenient charging period
for the EV owner and the network load schedule may conflict
[1]. The development of a real-time charging control algo-
rithm should provide each EV with guaranteed charging in
conditions of limited power consumption.

Assessment of the situation can be implemented by provid-
ing a weight index for each vehicle that is connected to the
EV charging station. A simplified algorithm of the proposed
system is shown in Fig. 1. The decision to charge or hold the
EV depends on two stages of computing. At the first stage,
a charge weight index (CWI) is calculated for all connected
EVs, which determines their priority. At the second stage,
optimization is carried out — network and price constraints
are taken into account, the required final level of battery
charge and the charging power delivered to electric vehi-
cles with the highest CWI [2].

One of the primary benefits of this algorithm lies in its sim-
plicity, rapid execution, and cost-effective implementation
and upkeep. In contrast to other real-time algorithms de-
signed to solve differential equations, which demand sub-
stantial computational resources, this algorithm can be

effectively employed on a 16-bit microcontroller operating
at a clock speed of only 2 MHz.

Development of fuzzy logic for the proposed charging sys-
tem. The first step in the implementation of this approach
is that Upon connecting a new electric vehicle (EV) to the
charging station, the EV owner communicates key parame-
ters, including the parking duration t,arking, the desired
and initial levels of battery charge SOCyq, SOCiy;¢, , to the
charging station controller (CSC). This information is uti-
lized to compute the energy required for battery charging
Wreq and the charging power S;p,,4.- Notably, any uncer-
tainty, as typically found in scheduling algorithms, is elimi-
nated in this process [3].

Following the principles of fuzzy logic, the procedure for
calculating CWI using the fuzzy system comprises the fol-
lowing components, as outlined in reference [4]:

¢ Fuzzification: this step involves converting conventional
numerical data into membership functions (MF).

e Decision Block: here, MFs are combined with control
rules to derive fuzzy results.

e Defuzzification: the computation of each output ob-
tained from the decision block leads to the creation of a
lookup table, from which a numerical output is selected.

The structure of the fuzzy logic blocks described above is
illustrated in Fig. 2.

Charging/
Hold
Refresh Optimization
info Fuzzy logic Output: decision to
about >  CWloutputto ®1  charge EV or hold; > EVs Charging
connected EVs each EV Grid constraints are
concidered
A

Fig. 1. Simplified representation of the proposed electric vehicle charging algorithm
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The calculated index is then used in the second optimiza-
tion stage of the algorithm.

Wrequired Scharge tparking

'y oy

Fuzzification

\/
Decision
block

- Rules

\

De-fuzzification

'

Charge Weight
Index

Fig. 2. Structure of fuzzy logic

CWI is determined as a function of the energy required for
charging, the charging power, and the parking duration [5]
. The CWI membership function is formed according to the
functions of input parameters:

f: VVreqL-: Schargei' tparkingki - CWI;
:u(VVreqi)'ﬂ(schargei):ﬂ(tparkingi) - u(CWIL), (1)

ulr
' req
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0 _ 4 6 10 12 14 16 1
Required power for charging Wreq, kWh
a)
uS,

charge

Low High

here Wieq is the required energy to charge the battery,
Scharge 1S the charging power, tyarking the time of EV being
connected to the station, respectively, and u is the mem-
bership function.

The energy needed for the charging process is determined
by multiplying the discrepancy between the battery's spec-
ified initial charge level, as set by the EV owner, and the
desired charge level by the battery's capacity:

W _ (50Creq—SOCinit)-Epat
req 100 ’

(2)

with SOCeqand SOCiy;; indicating required and initial
charge levels of battery, and Ey,,; the capacity of the battery.

Conversely, the charging power at the battery end is de-
fined by a relationship involving the charge level, voltage,
and charging current:

Pcharge = fbat(SOC' Vcharge,lcharge) ’ (3)

Hence, the charging power on the grid side:

Pcharge (4)

Scharge= n ,

with n — the efficiency of the charger.

The characteristics of the MF (graphic representation is
shown in Fig. 3), such as input and output variables, their
corresponding forms of functions and terms, with their cor-
responding ranges, are taken by assessing the conditions of
connection and operation of charging stations in Ukraine
and are described in the previous paper [2].

Hparking
T T \
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Parking time tpating , min
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Charging power Scharge, kKW
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Fig. 3. Membership functions for the required energy for charging W,..q (a), parking time t, g xing (b), charging power
Scharge (c) and the output charging weight index of the CWI (d)
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Fuzzy control rules are established based on the designer's
expertise and data acquired through testing. Typically,
these rules are structured as if-then statements, outlining
the logical associations between input and output variables

[61.

The proposed fuzzy system comprises 40 rules. Each solu-
tion phase includes a unique coefficient (index) used to
scale the initial term value.

The decision-making block conveys the outcome of the ap-
plied rule to membership functions. A fuzzy implication is
employed, resulting in an "if, then" expression. In the realm
of fuzzy logic, this operation involves identifying the mini-
mum of the initial membership function values [7]:

pn(CWI) = :u(VVreq) n ﬂ(scharge) n :u(tparking) =
min[ #(M/req): M(Scharge): M(tparking)]EVi , (5)

The assessment and evaluation of the created fuzzy system
were performed by employing a three-dimensional func-
tion graph (Fig. 4). Adjustments to the membership func-
tions and rules were made to ensure that the figure dis-
played a descending pattern or a flat surface in its
coordinates. This was done in a manner such that neighbor-
ing values had a minimal impact on the process of deter-
mining the initial variable. The choice of the descent direc-
tion was as follows: when moving closer to zero along the
axis representing the energy required for charging, the
graph descended, while in the case of parking time, it ex-
hibited an opposite, ascending trend.

500

tparking

Wrequired

Fig. 4. Three-dimensional mapping of membership func-
tions and rules

During the defuzzification phase, the CWI vector for each
electric vehicle connected to the charging station is deter-
mined using the widely adopted gravitational method [4].
The calculation involves identifying the arithmetic mean of
the elements derived from the membership function values
with the highest degrees of membership:

2gv EVip(EVi)
CW] =="——F"—7—
YEv L(EVD)

(6)

’

EV means all connected EVs, u(EVi) are the membership
functions after the solution block.

Optimization of the objective function taking into account
network constraints. The aim of the optimization process
is to choose a maximum number of electric vehicles with
the highest CWI priority indices. Equation (7) represents
the objective function, which incorporates a decision vec-
tor concerning whether to allow charging for electric vehi-
cles.

max Fiy = Zspot(i) CWI(spot gt X Decision(spor 1) (7)

with Fiyis the objective function,
Spot;) - spot of the charging station,

Decision(spot(i),t) - The decision to charge (1) or not (0) the
charging spot for the calculation period of the method t,
derived from conditions (10). A constraint is imposed on
the objective function.

Power limitations. The energy demand in each time period
is taken into account - the power limit looks like this:
spax (8)
Schargegy(t) IS the total load capacity of electric vehicles
charged in a specific period of time, kVA; Sjpaq - load ca-
pacity of other consumers connected to the grid, kVA, Sjm‘”‘
- maximum network capacity.

SchargeEV(t) + Sload <

’

Other are current and voltage limitations:

o] < Inaxey;

Vmin < V(i: t) < Vmax ’ (9)

Iy is the load current in a given period of time, is the maxi-
mum current;

Vininmax — the minimum and maximum voltage on the bus
to which the charging station is connected.

Status restrictions. The auxiliary variable Decision is a solu-
tion (0/1) that, prior to fuzzy logic calculations, allows the
EV to be held or charged. Given the conditions where the
EV reaches the desired SOC charge level or the EV is not
connected to the charging spot, the following provisions
are suggested:

Decision(gyot,¢) = 0,
if SOC(spoty.e) = SOC

AND
Decision(spot(i)_t) =0, if Occupied(spot(i)_t)

req(Spot;,t)

(10)
=0,
Here Occupied(spot(i)_t) is the availability of the charging
spot: free (1) or occupied (0) by EV.

The real-time approach manages the charging procedure

in a manner that enables swift responses to fluctuations
in power consumption conditions during the connection.
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Additionally, the calculation frequency can be adjusted,
either upward or downward, to accommodate specific
calculation requirements. Initially, the system refreshes
all details related to electric vehicles and computes the
necessary energy to reach the desired charge level. After
determining the charging workload index in the phase-
system, it proceeds to calculate the current SOC charge
level, energy consumed by each vehicle, and the aggre-
gate electricity demand at the conclusion of the 10-mi-
nute interval.

Following the completion of the fuzzy logic computation
phase, the system chooses the maximum quantity of elec-
tric vehicles with the highest CWI, ensuring compliance
with all limitations set by both the energy supply company
and the charging station owner. Each authorized electric
vehicle is charged at the maximum charging rate. Once the
battery reaches the desired SOC charge level, the workload
index for that particular vehicle becomes zero.

Review and comparison of existing microcontrollers. Ap-
proach of selecting the best microcontroller to implement
fuzzy logic and integrate it into an existing charge control
system depends on various factors, including the specific
requirements of the system, available resources, and anal-
ysis of different microcontroller platforms. Here are some
popular microcontroller options that are often used to im-
plement fuzzy logic:

1. Arduino: Arduino boards, such as the Arduino Uno, Duo,
and Mega, are widely used for prototyping and integra-
tion into various systems. They have a large community
and numerous libraries that can simplify the implemen-
tation of fuzzy logic [8].

2. Raspberry Pi: While the Raspberry Pi is not a microcon-
troller in the traditional sense, it is a popular single-
board computer with more processing power and
memory than typical microcontrollers. It can handle
complex fuzzy logic tasks and integrates seamlessly into
existing systems [9].

3. STM32 Series: STMicroelectronics' STM32 microcon-
trollers offer a wide range of choices, from energy-effi-
cient to high-performance devices. They are well-suited
for real-time computing and have development tools
available [10].

4. PIC microcontrollers: Microchip's microcontrollers from
the PIC family are known for their reliability and ease of
use. They have different sizes and capabilities, which al-
lows you to find an option for implementation [11].

5. ESP8266/ESP32: These microcontroller modules are
popular for the Internet of Things (loT). They have Wi-
Fi and Bluetooth capabilities, which can be useful for
remote monitoring and control of fuzzy logic systems
[12].

6. NXP/Freescale microcontrollers: NXP microcontrollers
such as the HC12 are among the most popular for

implementing fuzzy logic due to their prevalence and
cost [13].

When choosing a microcontroller, it is important to take
into account the following factors, which will be compared
in the next paragraph [14]:

e Computing power — microcontroller should have
enough computing power to work efficiently with fuzzy
logic algorithms.

e Memory: Sufficient RAM and Flash memory is required
to store fuzzy sets, rules, and other data.

e The I/O interfaces are necessary to obtain variables and
issue a solution for charging or holding an electric vehicle.

e Development Tools: It is important to have develop-
ment tools, development environments, and libraries
available for the selected microcontroller.

e Cost: since there is a goal of efficient use of funds, it is
required having an optimal controller in terms of
price/cost.

Power and memory of the microcontroller. The computing
power of microcontrollers can vary significantly depending
on the model, series, and configuration. The comparisons
below will be general, while a detailed overview of the
board parameters is given in Table 1.

Usually, the microcontrollers mentioned above are divided
into several classes depending on their power:

Arduino Uno, Duo, Mega (AVR-based):

— This is a classic representative of microcontrollers with
low computing power.

— Low clock speed (16 MHz).

— Limited amount of memory (a few kilobytes in RAM and
Flash).

— Uno is suitable for simple fuzzy logic tasks (drive con-
trol, fan control, etc.), while Mega is for computation-
ally demanding fuzzy logic operations of the charging
system.

Raspberry Pi 4:

— The Raspberry Pi is a single-board computer, and it has
significantly higher processing power compared to typ-
ical microcontrollers.

— It has an ARM processor with a much higher clock rate
and more memory (gigabytes of RAM).

— Suitable for complex fuzzy logic problems and other
computationally intensive operations.

STM32 series (e.g. STM32F4xx):

— The STM32 has different models with different levels of
computing power.

— The most powerful models in this series have a Cortex-
M4 core with fast clock speeds and hardware support
for numerous operations.

— They can usually handle complex fuzzy logic operations
without much difficulty.
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Table 1. Main parameters of microcontrollers

Microcontroller/ Flash - .

Platform Frequency Memory RAM | Specialized Functions/Interfaces

Arduino Uno 16 MHz (ATmega328P) 32 KB 2 KB 14 digital, 6 analog UART, SPI, 12C, PWM, USB

Arduino Mega 2560 16 MHz (ATmega2560) 256 KB |8 KB 54 digital, 16 analog UART, SPI, 12C, PWM, USB

Raspberry Pi 4 (4GB) | 1> GHz(Quad-core ARM ', cp |4 5 GpiO, HDMI, Ethernet, USB, 12C, SPI, UART
Cortex-A72)

STM32F407VG 168 MHz (Cortex-M4) 1MB 192 kg | 100 GPIO pins, UART, SPI, 12C, PWM, CAN, USB,

Ethernet

ESP32-WROOM-32 | 240 MHz (Dual-core 4AMB  520KB UART, SPI, 12C, PWM, Wi-Fi, Bluetooth
Tensilica LX6)

NXP Kinetis K64F 82 GPIO pins, UART, SPI, 12C, PWM, CAN, USB,

(MK64FNIMoVLL12) | 120 MHz (Cortex-M4) 1MB 1256 KB | gy ernet

NXP LPC1768 100 MHz (Cortex-M3) | 512KB | 64 KB Z?hgfr:(gtp'"s' UART, SPI, 12C, PWM, CAN, USB,

ESP8266/ESP32 (ESP32):

The ESP8266/ESP32 has little processing power com-
pared to some other microcontrollers (are more power-
ful comparing to Arduino Uno, but less powerful than
the Raspberry Pi).

They are suitable for most fuzzy logic tasks, but may
have limitations in the amount of available memory.

NXP/Freescale Microcontrollers (Kinetis, LPC):

All of these series have different models with different
computing power characteristics.

The most powerful models can handle complex fuzzy
logic operations.

The cost of the mentioned above boards will not be given
in this article, as it can fluctuate significantly depending on
the place of purchase, region and other factors. To justify
the choice of the board after the analysis of prices, it is de-
termined that it is directly proportional to the power of the
processor and the amount of memory.

Experimental setup and results. Arduino Mega 2560 micro-
controller. The Arduino Mega is a microcontroller board
that belongs to the Arduino line and features greater re-
sources compared to larger amounts of memory and more
GPIO pins compared to the Arduino Uno. This board is well
suited to the proposed system, including the implementa-
tion of fuzzy logic [14]. The appearance of the board is
shown in Fig. 5. Since, in addition to fuzzy logic calculations,
it is necessary to carry out the stage of optimization of the
objective function, this microcontroller was chosen.

AR

s
= [B[0 ® OF}3 )

Fig. 5. Appearance of the Arduino Mega 2560 board

Detailed description of the characteristics of the Arduino
Mega [8]:

Microcontroller: ATmega2560. Frequency: 16 MHz

Memory: Flash memory: 256 KB (for program code),
RAM: 8 KB (for variable and data storage)
EEPROM: 4 KB (for data storage)

Analog and digital GPIO pins:

Digital Pins: 54 digital GPIO pins, 15 of which can work as
PWM outputs.
Analog pins: 16 analog inputs for reading analog signals
fromOto5V.

Serial interfaces:

UART (Universal Asynchronous Receiver/Transmitter):
There are many UART ports for communicating with
your computer or other devices.

SPI (Serial Peripheral Interface): There is hardware sup-
port for SPI to communicate with devices such as sen-
sors and displays.

12C (Inter-Integrated Circuit): There is hardware support
for 12C to communicate with devices via I2C.

External interface:

USB: USB port for programming and communication
with a computer.

DC connector: To power the microcontroller.

Adjustable supply voltage: 7-12 V (7-12 V recommended).
Operating voltage: 5 V (usually powered by voltage through
a regulator on the board).

Connectors: The Arduino Mega has numerous connectors
for connecting additional modules and sensors, including
Arduino shields, which can be simply inserted onto the top
of the board.

The procedure the microcontroller integration into the
system. The electric charging station, which is the object of
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research, is a combination of charging spots into one net-
work. This charging spot and its connection diagram are
shown in Fig. 6.

220y Charging Spot EV charger

e

Fig. 6. Charging spot and wiring diagram

The main elements of the charging station, the functions of
the connector and theType 2 J1772 connector, the process
of connecting the EV to the charging station are described
below. The switching, protection and control devices of the
charging unit are shown in Fig. 7. Fig. 8 shows the pin loca-
tion of the charging spot connector.

The controller manages the power supply process of the
electric vehicle during charging [15].

Contactors are used for load control (powering EVs), exter-
nal ventilation, and J1772 connector lockout. The LED indi-
cation indicates the current status of the system. Charging
current can also be controlled during the charging process.
The setting point of the charging current is set via the RS485
interface.

One of the biggest advantages of this algorithm is its sim-
plicity, speed and low cost of implementation and mainte-
nance. Compared to other real-time algorithms that solve
differential equations and require high computing power,
the presented algorithm can be implemented on a 16-bit
microcontroller with an integer arithmetic logic device and
a clock frequency of only 2 MHz. The diagram of connecting
the controller to the existing EV charging station spots is
shown in Fig.9.

Lr Y30

Ralay RCBO 16A 30mA

LED indicator

EvCC

MCB 104

- Power-supply 12V

Fig. 7. Main devices and components of the charging station

After calculating the fuzzy logic and optimizing the target
function, the microcontroller sends a signal to the control
key E2 (Control Switch) — if charging during a given period
of time, the allowed contact will be closed. If, according to
the algorithm's decision, no charging is allowed during this
period of time, contact E2 will remain open.

J1772

Fig. 8. Charging Spot Connector Contacts

The purpose of this work is to develop a real-time charging
system of EVs. The choice was made on the combination of
the MATLAB/Simulink environment and the Arduino board.
MATLAB/Simulink provides the "Simulink Support Package
for Arduino Hardware" to develop control algorithms in

L

AB

N

PE

PE

P

LA

CP (Control Piot)
PX (Proximity Detectior

Ev(C

Scharg 1 Ly

HC12

Tparking, Wreg 1

Scharg, Tparking, Wreq 2 83
—_——-]

Scharg, Tparking, Wreg 3
e e 2 -
1 (Enable)

! M

E£2 (Control Switch)

Power

P
PX
PE

Fia. 9. Connection diagram of the controller into charaina station circle
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Simulink and load it directly into the hardware platform (Ar-
duino board). The "Simulink Support Pack for Arduino Hard-
ware" allows to create and run Simulink models in a variety
of areas and uses. It offers a library of units for configuring
and accessing Arduino sensors, actuators, and communica-
tion interfaces via a USB cable [16].

Fig. 10 shows a general view of the Matlab Simulink model
and the connection of the Arduino board to the charging
station. The power of the charging station is 24 kW. The
transformer and network equipment are limited to a capac-
ity of 120 kW. A simulation of the Simulink model was car-
ried out and the SOC change graphs for each connected EV
were evaluated after each iteration of the change of the
fuzzy rules based coefficient.

The Arduino package allows to perform tasks such as:

e Retrieving analog and digital sensor data from an Ar-

duino board.
Control of devices with digital and PWM outputs.
Communication with the Arduino board via USB cable.

Access to peripherals and sensors connected via Inte-
grated Circuit (12C) or Serial Peripheral Interface (SPI)

The developed charging control system developed in
Matlab was uploaded onto an Arduino Mega 2560 via USB
interface. The MATLAB Coder solution converted the code
of the proposed system, stored in an m-file, into code writ-
ten in C++, which is "understandable" for Arduino. Also,
with the help of Matlab, the transmission of collected the
data from an electric vehicle was simulated, in paticullar
Scharge:Wreq, tparking- Se€nding the microcontroller's deci-
sion to charge or hold the EV was also simulated via Ar-
duino blocks.

The transfer of input data of the EVs’ and network’s param-
eters from the Matlab model to the board is carried out us-
ing the Serial Transmit block from the Simulink Support

Package for Arduino Hardware library [17]. The output of
the matrix with the decision to charge or hold connected
electric vehicles is implemented using the Serial Receive
block (Fig. 11).

ARDUIMNC

Diata
8\ e

Port 3

Status

lArduino_availabili

ARDUIMNC

Port 3

Fig. 11. Used in the project Arduino Library Blocks

The fuzzy system developed in Matlab Fuzzy Logic Designer
was saved in a file with a .fis extension that cannot be op-
erated by Arduino. In order to calculate the result of fuzzy
logic for each iteration of calculations, the fuzzy system was
rewritten in C++ and uploaded into the memory of the mi-
crocontroller board.

The logic of optimization of the objective function (taking
into account the constraints of the network in the model)
is written in the language of Matlab, which is also converted
to C++ and stored in Arduino memory.

Analysis of simulated data. In this section, the proposed
charging system with calculations on the Arduino Mega
2560 is compared to the calculations performed on a PC.
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Fig. 10. General view of the entire model in Matlab Simulink
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The demand for electricity during a 24-hour charging sce-
nario for different computing scenarios is shown in Fig.12,
Fig.13 and Fig.14.
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Fig. 12. Electricity load within 24 hours based on uncon-
trolled charging. (Solid line — total demand with electric ve-

hicles, dashed line — other load)
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Fig. 13. Electricity load within 24 hours based on the pro-
posed charging method is calculated on a PC in the Matlab
Simulimk environment. (Solid — total demand with electric
vehicles, dashed — other load)

Table 2. On-grid energy consumption for different chargin
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Fig. 14. Electricity load for 24 hours based on the proposed
charging method when performing calculations on the Ar-
duino Mega 2560. (Solid — total demand with electric vehi-
cles, dashed — other load)

As can be seen from Fig. 12 network overload (load above
120 kW) up to 16% occurs during uncontrolled charging
from7a.m.to11la.m

Table 2 shows a comparison of the energy consumed per
day for different computing modes.

A comparison of these charging calculations shows that the
calculations of the power transferred to electric vehicles,
taking into account the constraints in the Matlab Simulink
environment, do not differ from the calculations on the Ar-
duino Mega 2560.

Discussion and Conclusions. The operation of the fuzzy
controller based on the proposed methodology was tested
on the Arduino Mega 2560 microcontroller. The simplicity
of implementation of the real-time method is confirmed by
the scheme of the fuzzy logic controller connection to the
existing control system of electric charging stations, which
will control the charging process.

The results show that the simulation graphs with calcula-
tions of the proposed system based on fuzzy logic on a PC
in the Matlab environment and on an Arduino board do not
differ. The fuzzy controller integration procedure into the

g methods

Uncontrolled EV
charging
(Matlab Simulink)

Network Load
without EM
(Matlab Simulink)

Network Simulation —
Matlab Simulink,
Charging
Control System
Computing — Arduino

Network Simulation — Matlab
Simulink, ChargingManagement
System Computing — Matlab

24h Wy, kWh

Mega 2560
Total energy
consumed in 1825,2 (e dzf)fj;lloa ) 2292,1 2292
24h W,y , kWh
Consumed en-
ergy by EVsin 1825,2 441,9 467,5 467
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process is also described. Compared to other works, the
greatest contribution of this lies in describing the elements
for programming and implementation each of the fuzzy
controller software and hardware aspects. This allows to
estimate the optimal parameters, uncertainties and nonlin-
earities of the system without a mathematical model. Fi-
nally, simulation and implementation on the Arduino Mega
2560 microcontroller were shown to verify that the pro-
posed methodology, as well as the theoretical and experi-
mental results, are valid.
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