DIFFERENT MACHINE LEARNING TECHNIQUES FOR THE ELECTRIC VEHICLE CHARGING SYSTEM ON THE SMART GRID
K.Kowsalya1, S.Suganya2
Assistant Professor, Department of Electronics and Communication Engineering

Hindusthan Institute of Technology, Coimbatore-32.

Kowsiece7@gmail.com1
Suganya.ece07@gmail.com2
ABSTRACT 
The realization of smart cities requires advances in information and communication technology (ICT). Also, "intelligent network" is "intelligent city". One of the main goals of new smart cities is to introduce various intelligent systems that are environmentally friendly and improve the quality of life of residents. Electric vehicles (EVs) are also being used in other ways to improve the reliability and durability of transportation systems. With the increasing use of electric vehicles comes various challenges such as providing charging infrastructure and estimating peak loads. Management must consider the difficulty of the situation. These problems have been the subject of many inventive remedies. A number of innovative solutions, mainly based on automation, have been developed to these problems. The number of electric vehicle drivers has increased over time. The electrical system is adversely affected by his Large-E charging of electric vehicles. Transformers can create additional voltage fluctuations, power losses and heat when operating at full capacity. Without effective EV management, there is no way to overcome these difficulties. A machine learning (ML)-based charging management system takes into account low-speed, high-speed, and vehicle-to-vehicle (V2G) technologies to guide electric vehicles (EVs) to charging stations. This reduces charger costs, high voltages, load fluctuations and power loss. The effectiveness of various machine learning (ML) techniques is compared and evaluated. These techniques include Decision Trees (DT), K-Nearest Neighbors (KNN), Random Forests (RF), Support Vector Machines (SVM), and Long Short-Term Memory (LSTM). The result suggests that it is an LSTM.

Keywords- load forecasting, machine learning, signal processing, and electric vehicles

INTRODUCTION 

Electric vehicles (EVs) have become more important as the auto industry has developed. EV sales will reach 2.1 million in 2019, up 40% annually. With 7.3 million chargers installed worldwide in 2019, the number of public charging stations added in 2019 increased by 60% compared to 2019, and electric vehicle (EV) chargers It is now an important part of the world's infrastructure. Furthermore, by 2030, 30% of all vehicles are expected to be electrified, with 43 million units sold worldwide. This is greatly aided by rapidly advancing technologies such as DC-DC converters with improved performance. Electric vehicles should be treated properly as soon as possible. The large number of electric vehicles on the road requires a large amount of energy to charge, putting a heavy strain on the distribution system. Demand for these vehicles is expected to grow as new driving tactics are developed to reduce operating costs for drivers. With more electric vehicles on the road, more electricity is needed to power charging stations. As the number of electric vehicles on the road increases, the load curve increases, putting more strain on transformers and other distribution systems. Without a proper management system, a logistics network cannot function effectively and stably. Apple Inc. has developed an app for electric vehicles. However, it does not take into account the requirements of electric vehicle charging infrastructure and its shortcomings. The development of smart cities will be greatly supported by the further development of ICT. A structure that utilizes ICT is called a "smart city." It is used to encourage and create sustainable actions to address the many problems posed by the urban environment. A smart city consists of an intelligent network of devices and objects connected via wireless and cloud technologies. The Internet of Things manages and analyzes the data it receives in real time so that citizens, cities and businesses can make the best decisions to improve their living standards. Two benefits of integrating technology and data into a city's physical infrastructure are lowering the cost of living and promoting sustainability. Connected cars have easy access to parking meters and electric vehicle charging stations. The physical infrastructure and ICT are combined in a smart city to offer advantages including increased mobility, comfort, air and water quality, and energy conservation. Smart buildings in a smart city will use a variety of sensors, motors, centralized units, networks, interfaces, and intelligent metering infrastructure.To improve tourist and resident convenience and efficiency, governmental entities are attempting to use cellular and Low Power Wide Area technologies connected to the infrastructure. Smart cities must integrate a smart grid concept into their energy infrastructure in order to reduce energy use. In all grid nodes, an intelligent metering system establishes two-way communication.Customers can improve the grid's dependability and energy efficiency by taking active or passive measures. By making it easier for EVs and renewable energy sources to be effectively integrated into the grid, the smart grid can also help reduce environmental pollution. Smart city technology enables government agencies to connect with the public, build infrastructure, and oversee operations and development. Smart City uses his IoT technology to improve operations, service delivery and public participation. Recent studies show smart cities are the best way to ease demographic pressures in both emerging and wealthy countries. Traffic jams, housing, pollution, government, power supply, etc. ICT is used to increase productivity, communicate with regional or city services, and improve the goods and services offered by local governments. Better government-citizen relations save costs. The purpose of this literature review is to provide policy makers and smart city planners with information on how to consider community needs and welfare when making plans and decisions. His declining CO2 emissions worldwide and rising costs of CO2 fuel explain the demand for environmentally friendly automotive technology. Modern electric vehicles (EVs), unlike conventional vehicles, improve air quality by reducing CO2 emissions. Proper integration of electric vehicles can solve the main problems caused by the use of conventional vehicles. Electricity demand on the power grid has not been significantly affected by the spread of electric vehicles. In the future, electric vehicles will become more accessible and cheaper, and will have a major impact on how smart grids work and how much energy is required. Intelligent management solutions are required to reduce errors related to power allocation and flow within the smart grid. By comparing the reliability and performance of multiple ML approaches, we optimized our delivery network while reducing billing costs. The machine learning (ML) (LSTM) techniques used in this article include Decision Trees (DT), Random Forests (RF), Support Vector Machines (SVM), K Nearest Neighbors (KNN), Deep Neural Networks ( DNN), and long-short. - Terminology memory.
ELECTRIC VEHICLE ENABLING TECHNOLOGIES

Electric vehicle charging systems has the following technologies:

Wireless Sensor Networks (WSN)
WSN is made up of multiple sensors or nodes that are connected together to track different types of data.
On-site energy resources and smart energy management
Intelligent energy management software can make optimal use of these distributed energy resources (often solar panels and battery banks) to maximize renewable energy use while minimizing operating costs and consumption charges. 
OCPP 2.0.1
The most recent version, OCPP 2.0.1, has new and improved features for device administration, transaction processing, credit card payments, security, smart charging capabilities, support for display and messaging, and OCPP extensibility.
Wireless EV charging moves to early adoption and roadway trials
There are two methods by which wireless charging can function. The electric vehicle (EV) parks over a charging pad that uses electromagnetic waves to transmit energy to the EV battery as one technique of electromagnetic inductive charging.The other is dynamic in-road wireless charging, which employs equipment installed in the road to provide electricity to the EV as it is moving.
IOT Technology
IoT technology allows for continuous monitoring and analysis of data from EV charging stations.
APPLICATIONS OF MACHINE LEARNING METHODS IN SUSTAINABLE ENVIRONMENT
Below are some applications that can enhance the growth of a sustainable environment.
   Hybrid Energy Storage System
A hybrid energy storage system (HESS) is a type of energy storage that combines two or more energy storage sources to meet demanding operating conditions. For HESS to work, proper power management methods and topologies are required to ensure well-coordinated power distribution among the various power supplies. Determining how to properly distribute power to various components affects not only the life of HESS, but also the performance, efficiency and cost-effectiveness of the larger system. His two most studied areas of HESS research are topology and energy management systems. Different power management systems can differ greatly from each other as different topologies use different power supplies. Recently, there have been a number of new investigations on topologies and energy management systems.
Application of Reinforcement Learning in HESS Energy Management

The complex reinforcement learning methods used by HESSs for energy management are outlined in this section. The first section focuses on the earliest attempts to use simple algorithms in this subject. After that, the part analyzes recent advancements in the creation of hybrid algorithms and the combination of several algorithms for HESS energy management.
Managed Charging of Electric Vehicle
Electric vehicles today make good use of frequency control, one of the most commonly used frequency control techniques. Controlling the power of generators connected to the primary grid is the most important method of frequency control today. EVs can charge or discharge batteries in response to frequency excursion alarms, making them a great alternative to traditional power plants that are being phased out. Against this background, we investigate frequency management in a power grid model with loads, conventional generators, and a large number of electric vehicles. On the one hand, the control procedure ensures stable power balance and frequency management of the main network. Meanwhile, these methods can meet the different charging needs of EVs. The technology provided is aimed at reducing the failure rate of battery-powered devices. In contrast, the specialized literature on electric vehicles focuses primarily on determining the appropriate state of charge. He then compares the effectiveness of the solution with other modern his V2G control systems. Numerical study results using an accurate model of the power grid show that the proposed method works effectively in real operational situations.
Machine Learning Techniques
SVM can be applied to problems involving more than two classes. The algorithm is built to handle multi-category problems using various normalization techniques. This approach has passed rigorous testing and has been found to work well with various normalization methods. The accuracy of multi-class classification is also very high, and we even considered using DNNs to classify multiple types of photos. As such, the proposed algorithm has a wide range of applications, including classes notoriously difficult to label and routinely misclassified by existing ML techniques. The algorithm's ability to predict driving time was also tested using DNN-enhanced class discrimination. His regression predictions were the most accurate and reliable.
TYPES OF AUTOMOTIVE SENSORS AND ACTUATORS USED IN ELECTRIC VEHICLES:
Various types of sensors are used in automobiles and electric vehicles to read real-time signals and take the necessary actions to manage in-vehicle functions such as ignition timing, ABS, and cruise control. Types of automotive sensors and actuators include:
1. Engine speed sensor

2. Wheel speed sensor

3. Vehicle speed sensor

4. Throttle position sensor

5. Temperature sensor

6. Mass airflow (MAF) rate sensor

7. Exhaust gas oxygen concentration sensor

8. Crankshaft angular position/RPM sensor

9. Manifold Absolute Pressure (MAP) sensor
10. Accelerometer (knock sensors)

These are the sensors that are commonly used. There can be other sensors depending on the automotive application. All these sensors are connected to the power trains.

Fig.1 : AUTOMOTIVE SENSORS AND ACTUATORS USED IN ELECTRIC VEHICLES
01. ENGINE SPEED SENSOR
An engine speed sensor is required to provide input to the electronic controller for various functions. A reluctance sensor can be used to measure motor speed. Four tabs pass through the sensor coil for each revolution of her crankshaft. Count the voltage pulses from the sensor coil in 1 minute and divide by 4. This is how you get the engine speed in revolutions per minute (RPM). An electronic circuit is used to start and stop the counter circuit. The number of pulses can be counted by a counter through a dedicated signal processing circuit.
02. WHEEL SPEED SENSOR
utilized in odometers and ABS. Optical or magnetic methods that are contactless. Hall effect in magnetic technique. In response to the wheel speed, the sensor outputs a square wave with a frequency that is proportionate. The Hall-sensing element, signal amplifier, and signal processing are all combined on a single chip for the wheel-speed sensor. It is composed of a transistor, the base of which is stimulated by the magnetic field. The revolving encoder, which could be a steel wheel or a multipole, exposes the circuit to its fluctuating magnetic field. A magnet inserted inside the sensor is required in the application for steel wheels. Alternating voltage is brought about by shifting the magnetic field surrounding the Hall element.The varying magnetic field has an impact on the alternating voltage. The sine-wave voltage is an alternating digital output signal that has been processed by the circuit. The relationship between the wheel speed and the current pulse frequency is direct. It is possible to detect very slow speeds of up to 0.1 km/h.
03. VEHICLE SPEED SENSOR
The ECM (Engine Control Module) uses this information to modify engine functions such as ignition timing, air/fuel ratio, transmission shift points, and initiate diagnostic routines. Used for ABS (wheel speed sensor), speedometer, cruise control system, etc. A vehicle speed sensor or VSS measures transmission/transmission performance. Vehicle speed sensors are usually mounted on the transmission or transaxle. Speed ​​sensors can be implemented magnetically or optically.
04. THROTTLE POSITION SENSOR
The throttle plate's angular position is a parameter that needs to be measured for electronic engine management. The accelerator pedal and throttle plate are mechanically connected. Airflow into the intake manifold is constrained by the throttle plate. This linkage makes the throttle plate angle greater when the accelerator pedal is depressed, allowing more air to enter the engine and boosting engine power. The majority of throttle angle sensors are really just potentiometers. Any angular rotation, in particular the throttle angle, can be measured with this potentiometer. The analog output of the potentiometer is its lone drawback for automobile applications. The voltage v(a) needs to be translated from analog to digital representation for digital engine control.
05. TEMPERATURE SENSOR
Temperature is an important parameter at the scale of automotive systems. Knowing the coolant and intake air temperatures is essential to electronic fuel control systems, as is the intake air temperature and exhaust gas oxygen sensor temperature.

06. AIR FLOW RATE SENSOR
A measurement of the mass flow rate of air (Rm) into the engine is necessary for the proper operation of an electronically controlled engine. This calls for a sensor that can measure the rate of airflow into the engine's intake manifold. The air cleaner assembly is often where the sensor is attached. A heated filament resistor is Rhw. As the filament's temperature changes, so does the resistance of the filament. The Wheatstone network employs this. A differential amplifier receives this n/w's output. The V/F converter receives the output signal, which is analog. A constant temperature above that of the incoming air is reached by electrically heating the film element. When air flows over a hot film, the movement of air draws heat from the film. The amount of heat removed varies proportionally with the air mass flow rate. The heat released by the foil into the air tends to change the resistance of the foil, unbalancing the bridge circuit and thereby creating the input voltage of the amplifier. This voltage is fed to a V/F converter, a variable frequency oscillator whose frequency is proportional to the input voltage.
07. EXHAUST GAS OXYGEN CONCENTRATION SENSOR
Fuel delivery feedback control is based on maintaining a stoichiometric air/fuel ratio (i.e. 14.7:1 - torque is highest at this ratio). 14.7 kg of air is required to completely burn 1 kg of fuel. The oxygen content in the exhaust gas is used as an indirect measure of the air-fuel ratio. Also called a lambda sensor.
Equivalence ratio λ = (air/fuel)/(air/fuel at stoichiometry)
The stoichiometry mixture (ideal) when lambda=1 

The mixture is lean (low fuel, no air) if lambda > 1 

The blend is rich (more fuel, meager air) if lambda < 1 

.
Two types of sensors: –

· zirconium dioxide (ZrO2 ) – titanium dioxide (TiO2 ).
· Zirconium dioxide is the most frequently used.
· The EGO sensor consists of a thimble-like ZrO2 section with thin platinum electrodes inside and outside the ZrO2. The inner electrode is exposed to the atmosphere and the outer electrode is exposed to the exhaust gas through a porous protective layer. Oxygen ions have two extra electrons and each electron is negatively charged. Therefore, oxygen ions are negatively charged.
· As a result of the ZrO2's propensity to draw oxygen ions, these ions build up on its surface very next to the platinum electrodes. In comparison to the exhaust gas side, the platinum plate on the ZrO2's air reference side (inside) is exposed to a significantly higher concentration of oxygen ions.
· Electrically speaking, the exhaust gas side becomes more positive than the air reference side. As a result, there is an electric field over the ZrO2 material, and a voltage, Vo, is produced. This voltage is polarized as being positive on the ZrO2's exhaust gas side and negative on the air reference side. The amount of this voltage varies depending on the temperature of the sensor and the amount of oxygen present in the exhaust gas.
· The oxygen partial pressure represents how much oxygen is present in the exhaust gas. (Amount of oxygen contributing to the atmospheric pressure or total exhaust gas pressure.)
EGO partial pressure
· For thick mixtures, the pressure is 10-16 to 10-32 atmospheres. 

· If the mixture is lean, the pressure is approximately 10-2 atmospheres.
Therefore, if the mixture is rich, the oxygen concentration in the exhaust gas will be relatively low and the output of the EGO sensor will be high. If the mixture is lean, the oxygen concentration in the exhaust gas is relatively high, resulting in a relatively low EGO sensor output. For a fully heated EGO sensor, the output voltage is about 1 volt for rich and about 0.1 volt for lean.
08. CRANKSHAFT ANGULAR POSITION/RPM SENSOR
Magnetic phenomenon used to directly measure crankshaft position. The permanent magnet and wire coil that surround it make up this sensor. These magnet's tabs pass between the pole parts of a steel disk that is installed on the crankshaft, typically in front of the engine. The idea of a magnetic circuit serves as the foundation for this form of magnetic reluctance sensor. Resisting the magnetic flux is reluctance. A closed passageway through a magnetic material is known as a magnetic circuit. Here, the magnetic circuit is a closed line that passes through the magnet material and over the space between the pole components. The steel disc tab causes a significant change in the magnetic flux flow when it passes through the gap. The permeability of the material along the path has an inverse relationship with the resistance of a magnetic circuit. Steel has thousands of times the magnetic permeability of air. Steel has far less resistance than air, as a result. Compared to air, steel has a lower reluctance, and the magnetic flux "flux" rises to quite high values. A voltage is created across the coil as a result of the flux change rate. The tab crosses the pole piece as demonstrated by a voltage spike.
09. MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR
Inside the engine's intake manifold, the MAP sensor gauges the absolute pressure. MAP Sensor: Silicon diffused strain gauge. Certain semiconductors exhibit piezoresistivity, a property of the material that causes the real resistivity (a material attribute) to alter in direct proportion to the strain (a fractional change in length). The diaphragm deflection, which is proportional to the pressure on the diaphragm's exterior surface, causes strain to be induced in each resistor. The complex pressure is this one. In order to measure strain, one uses the Wheatstone bridge.
10. ACCELEROMETER (KNOCK SENSORS)
Another sensor used for engine control is the so-called knock sensor. This sensor controls the ignition timing to prevent unnecessary knocking. Knocking is generally understood to mean a sudden increase in cylinder pressure during combustion. This is most commonly caused by high manifold pressure and excessive spark advance. Knocking must be recognized and prevented Minimize engine and valve damage. One way to control knock is to detect the onset of knock and delay ignition until knock stops. A knock sensor that uses magnetostriction to detect and detect knock. Other sensors rely on silicon semiconductors with doping or piezoresistors in piezoelectric crystals. As a result of stress, ferromagnetic materials' magnetic properties, such as their magnetic susceptibility or permeability, alter, a process known as magnetostriction. The mounting frame transmits the magnetostrictive bar's magnetocylinder pressure force to the magnetostrictive bar. When used for knock detection, a magnetostrictive bar in a magnetic field causes a knock-induced force that changes the magnetic flux field in the coil. This change in magnetic flux changes the voltage in the coil. This voltage is used to detect excessive knocking. Countermeasures to prevent knocking include delaying the timing, adding fuel, and lowering boost pressure. The frequency of knocking depends on the bore diameter (piston diameter) of the engine. DSP he improves the SNR (signal-to-noise ratio) to detect knocks. It consists of a thermistor mounted in a housing that can be inserted into the coolant flow. This housing typically has pipe threads that seal the assembly from coolant leaks. A thermistor consists of a semiconductor material whose resistance varies inversely with temperature. For example, a typical coolant sensor has a resistance of 100,000 ohms at -40°C. At 130 °C the resistance drops to about 70,000 ohms.
TYPES OF ELECTRIC VEHICLE

   There are three type of electric vehicle; 
1. Battery Electric Vehicle (BEV) 
2. Hybrid Electric Vehicle (HEV) 
3. Range Extended Electric Vehicle
1. Battery Electric vehicles have an electric motor that is powered by a battery that is attached to it. This kind of vehicle's mobility is powered by an electric motor. It doesn't emit any emissions. In congested areas, BEVs accelerate more smoothly than internal combustion engines and send strong torque to the wheels. While the motor is running, there is no noise. However, there are some drawbacks as well, including as high production costs, a top speed that is limited, and longer recharge times.

2. An electric motor and a modern, conventional internal combustion engine are combined in a hybrid electric car. Both gasoline and electric powered vehicles can use this vehicle. Switch to fuel mode after the electric motor stops producing power. Low speed mechanical electric motors are employed in HEVs for city traffic only. There are no emissions when a vehicle is powered by electricity.
3. The electric vehicle with extended range is designed to run on a battery, but it also has a gasoline generator to recharge the battery when charging is low.
BENEFITS OF ELECTRIC VEHICLES (EEVS)
1) No fuel means no pollution. 

2) Less maintenance was needed. 

3) The entire operation is silent. 

4) It produces a lot of beginning torque. 

5) Home charging is an option.

6) Lower operating costs than a vehicle driven by gasoline. 

7) It assists in conserving fossil fuels.
THE DISADVANTAGES OF USING AN ELECTRIC VEHICLE (EV)
1) The price is high. 

2) There aren't many electric charging stations available, making them unsuitable for long distance travel. 

3) Recharging the battery takes longer time.
MATHEMATICAL REPRESENTATION FOR ELECTRIC VEHICLE MODELING 


We outline the preferred electric car for modeling purposes. There are six parts that make up the drive: an electric motor, power electronics, battery, motor control, battery control, and vehicle interface. Sensors and controllers that need to connect with the engine controller and battery controller can do so through the vehicle interface. Power given to the motor is normally under the direction of a motor controller, while power delivered to the battery is typically under the control of a battery controller. Power electronics are supplied with high currents of 200 V and beyond from batteries, most of which are lithium-ion batteries.The supply voltage, current and frequency are adjusted to the needs of the motor by power electronics. Motor motion can be divided into four quadrants considering both direction of rotation (clockwise and counterclockwise) and motion state (acceleration and deceleration). We can illustrate this by plotting the applied torque and motor speed on the X-Y axes. If the polarities of the speed and torque values ​​are opposite (quadrant 1 and quadrant 3), the drive is in motor mode. If the polarities are reversed (quadrants 2 and 4), the drive is in regenerative operation. If both positive polarities are present, the motor will run forward in quadrant 1 but reverse in quadrant 3When the torque is positive and the speed is negative in the second quadrant, the motor is decelerating and returning energy to the battery during forward braking, whereas in the fourth quadrant, this occurs during reverse braking. When the motor is acting as a generator during regenerative braking, the battery energy decreases, whereas it increases when the motor is in the driving mode. The mathematical formulas for each component of the EV drive train were established in order to model an EV. When using a DC motor, the armature current, Ia, determines how much torque is created in the motor, Td; 
    



Td = Km · Ia                                                               
             (1) 

where, Km is the motor constant depending on its winding construction. 

The stress developed in the motor, Vd is proportional to the induced speed, ωd;





 Vd = Km · ωd                                                                           (2)
The terminal voltage is the voltage on the high side of the motor.
VH is given by; 




VH = IH · Ra + LH · di(t)/dt + Vd                                            (3) 

where Ra is the armature resistance value, LH is the inductor value at the high side, and IH is the high side current (terminal current). The electrical torque produced, Td, is equivalent to the mechanical torque produced, Tmech, providing that there is no friction loss and no inertia loss. As a result, the developed mechanical and electrical powers are equivalent. To keep the input power equal to the output power, a straightforward motor controller is utilized. The controller is taken to be perfect, with no loss and no latency in time. High input side voltage,




VH = K · VL                                                                              (4) 

High side current (input), 




IH = (1/K) · IL                                                                           (5)

where VL is the output voltage at the low side, IL is the output current at the low side, and K is the controller gain value. The battery's internal power loss is represented by the battery resistance, RA, and the voltage source, EB, in the model.




VL = IL · RA + EB                                                                   (6) 

The required internal battery voltage is calculated using the motor controller current and voltage. The difference between the calculated EB (EB (calculated)) and the actual EB (EB (actual)) represents the battery voltage error BERr that the P-I controller uses for gain adjustment.




BErr = EB (actual) - EB (calculated)                                        (7) 

The P-I controller uses the proportional gain KP and integral gain KI values ​​to calculate the motor control K value.




K = ( KP + s·KI ) · BErr                                                            (8) 

To reduce the pricey on-road test, the road was simulated in the computer throughout the drive cycle. The vehicle speed numbers were established for a drive cycle of 100 seconds for the driving test and simulation purposes. Typically, the speed value and the vehicle dynamics are used to determine the torque value. Although it is expected that the torque values are known for the simulation because the model does not take into account vehicle dynamics. Using look-up tables, the drive cycle subsystem received the speed and torque data, respectively.
CONCLUSION


Information and communication technology advancements are necessary for the global rollout of smart cities (ICT). Every burgeoning metropolis requires an intelligent power grid. Organizations and governmental bodies are encouraging the adoption of electric vehicles (EVs) to cut greenhouse gas emissions and battle climate change. Many previously unanticipated issues are brought on by the rising number of electric vehicles in today's sophisticated power systems. Vehicles present a number of previously unanticipated challenges in today's complex electrical systems. This issue has a lot of potential solutions, which have been put up. To enable smooth integration of electric vehicles into smart grids, this calls for a detailed investigation of charging habits, industry standards, and various data-driven models and machine learning techniques. Pay attention to the newest developments in smart grid-based energy management services and apps as well as the rising acceptance of electric vehicles. This implies that people with a role in how infrastructure is constructed must take into account factors such as community health, public safety, access to electricity and information, the availability of services, and others.If all pertinent parties and crucial elements are considered, the development of a smart city and related technologies will be successful. Long-term solutions have been made possible by technology, but difficulties and opportunities have also emerged. Conduction and induction charging techniques for electric vehicles are discussed. outlines the major studies on electric vehicles, different plug-in hybrid electric vehicle models, charging rates, and battery capacity. Review looks at both stationary and portable wireless charging's most current advancements. Even if there are global standards for wireless charging of electric vehicles, different wireless charging methods employ different frequencies. For integration with the smart grid, the effectiveness of the most recent machine learning algorithms and robot models is assessed.
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