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Abstract

:

Numerous recent innovations have been achieved with the goal of enhancing electric vehicles and the parts that go into them, particularly in the areas of managing energy, battery design and optimization, and autonomous driving. This promotes a more effective and sustainable eco-system and helps to build the next generation of electric car technology. This study offers insights into the most recent research and advancements in electric vehicles (EVs), as well as new, innovative, and promising technologies based on scientific data and facts associated with e-mobility from a technological standpoint, which may be achievable by 2030. Appropriate modeling and design strategies, including digital twins with connected Internet of Things (IoT), are discussed in this study. Vehicles with autonomous features have the potential to increase safety on roads, increase driving economy, and provide drivers more time to focus on other duties thanks to the Internet of Things idea. The enabling technology that entails a car moving out of a parking spot, traveling along a long highway, and then parking at the destination is also covered in this article. The development of autonomous vehicles depends on the data obtained for deployment in actual road conditions. There are also research gaps and proposals for autonomous, intelligent vehicles. One of the many social concerns that are described is the cause of an accident with an autonomous car. A smart device that can spot strange driving behavior and prevent accidents is briefly discussed. In addition, all EV-related fields are covered, including the likely technical challenges and knowledge gaps in each one, from in-depth battery material sciences through power electronics and powertrain engineering to market assessments and environmental assessments.






Keywords:


electric vehicles; autonomous vehicles; digital twins; EV components; e-mobility; IoT












1. Introduction


To acquire a proper pace to meet the increasing demands of sustainable transportation one may come across many technical hurdles that currently exist in the area of electric vehicles and their electrification mobility plan [1]. As per the literature survey [2,3,4], it has been observed that the price of current electric vehicles, range, and the facilities to charge them are the major concerns in the present market of electric vehicles. With time, these three challenging issues have gone through tremendous evolution. For instance, the price has been decreased by almost 90 percent and it is predicted that it may reduce more in future by 2050. Its range comparatively has been increased from 80–160 km to 320+ km [5,6,7], whereas the charging infrastructures have been observed as still a major concern. These electric vehicles are no doubt environmentally friendly [8,9] and have the great boom of renewable sources in the electrical grid, as witnessed in [10]. This review manuscript will try to address these issues in more detail along with emphasizing the current cutting-edge advancements in this e-mobility [11,12,13].



Looking at 2020, one may see that the battery’s specific energy has been increased from almost 110 Wh/kg to 250 Wh/kg. Hence, looking at this advancement one may predict that it may reach up to 450 Wh/kg by the year of 2030. Moreover, the energy density also increased from 300 Wh/L to 550 Wh/L from 2010 to 2020 (in merely 10 years). Thus, one may also predict for 2030 that it may increase up to 1100 Wh/L. Where the prices of batteries are concerned, there is reduction in the cost as well. The battery price that used to be EUR 1200 per kWh has been reduced to EUR 120 per kWh and will likely to go down to EUR 50 per kWh in the near future. This review paper therefore shares the current state of the battery technology as well [11,12,13].



Discussing further the traction inverter power density, one may see that it is also increased up to 35 kW/L and likely to be increased up to 60 kW/L in the upcoming 10 years [11]. Researchers have so far incorporated wide band gap strategies to increase the efficiency up to 98% with an increment in driving range by 8%. The method utilized to generate electricity has the biggest impact on how environmentally friendly electric vehicles are. The European Energy Mix estimates that CO2 emissions in 2010 were at 300 CO2 g/kWh. The deployment of sustainable energy sources and the potential retirement of nuclear power plants are expected to reduce CO2 emissions to below 200 g/kWh by 2030, and maybe even lower. The CO2 emissions per vehicle will drop from 66 CO2 g/km in 2010 to under 30 CO2 g/km in 2030 when the consumption and emissions of the electric vehicles used to generate the electricity are taken into account [11,12,13,14].



Autonomous vehicles (AVs) are anticipated to be used by 2030. They will probably be electric and shared. Some of the commercial used vehicles have been incorporated with automation level 1, as mentioned by the SAE in 2010. Now, the latest cutting-edge vehicular technologies have reached level 3 already, and some of them have level 4 automation. They have artificial intelligence features already incorporated with advanced communication systems that enable their use for brand new mobility services right now. Such development is also present in this article. In this present era, thousands of things cannot only be sensed but processed and actuated using the Internet of Things feature. This will also enable the smooth collaboration and makes sharing of data easy [14,15,16]. Such platforms are used in the automotive mobility, automation, as well as in smart cities. These platforms are not only used to identify threats but also used to tackle them [14,15,16,17,18,19,20]. While driving one may see that driver has to perform a series of actions, such as accelerating and de-accelerating the vehicle, taking care of directions, and using indicators and changing lanes accordingly [21]. An autonomous vehicle must consider its surroundings in order to operate [22]; the five core processes of perception and planning, along with localization, vehicle control system, and system administration, are needed for this.



Estimating the position of the vehicle is the responsibility of the localization module, while the perception module uses data from several sensors to build a representation of the driving environment. Thus far, the module related to planning is concerned; its main task is to make decisions for maneuvering the EV based on safer localization and mapping. This is all possible because of the perception data only. Moreover, the acceleration, steering, and braking mechanisms all are controlled by the vehicle control system [23]. Thus, taking all factors on the road into account, such as pedestrians, cyclists, other vehicles, etc., the procedure becomes a bit complex. Therefore, the communication system module plays a vital role in the autonomous electric vehicles, which allows the vehicle to take care of such factors while being driven on roads. A frequent name for this type of communication is “vehicle-to-everything” (V2X) communication, which encompasses a number of situations including “vehicle-to-vehicle”, “vehicle-to-infrastructure”, “vehicle-to-pedestrian”, and “vehicle-to-network” (V2N) communication [24,25].



Thus far, it has been observed and studied in the literature [25,26] that two vehicles can communicate with each other, known as vehicle-to-vehicle communication. This enables fewer collisions and enables road departure with nominal speed and acceleration by letting other side vehicles know about each other [27]. Instead, V2I communication allows the car to link to the infrastructure on the side of the road to spread information widely [28]. Among the advanced services, one may find all relevant information related to safe distances from surrounding cars, speed limits, safety, roadblocks, and accidental warnings, and it also helps in assisting lane tracking as well [29]. In order to reduce accidents, the term “V2P” refers to the idea of information being exchanged between a vehicle and a pedestrian utilizing sensors and intelligent technology [30,31,32]. The server that provides centralized control and data on traffic, roads, and services is connected by V2N, which connects car user equipment [33]. As a result, the deployment of V2X communications in conjunction with already existing vehicle-sensing capabilities serves as the basis for complex applications intended at enhancing vehicle traffic, passenger infotainment, manufacturer services, and road safety [34,35].



If such systems are to be successful when implemented in a real-life scenario, they will ultimately depend on the data gathered from actual contact [36]. For instance, machine vision makes use of image processing to keep an eye on the back cars [37] and trajectory analysis of the vehicles in particular jurisdiction [38]. The best control parameters for maximizing fuel efficiency and saving fuel are also determined using historical data [39]. The chance of drunk or sleepy driving is decreased by using data gathered by in-car sensors to examine driver behavior even when the vehicle is not fully autonomous [40].



There is literature that examines V2X communication and focuses on the connectivity and security of networks [41,42,43,44,45]. There have also been reviews that concentrate on various aspects of the autonomous vehicle. The state of the art for connected automobiles was outlined by Siegel et al. [40] starting with the obstacles, applications, and requirements for vehicle data. It was endorsed in [46] that the communication between transport infrastructures with cooperative traffic management solves half of the problems. They focus on non-signalized junctions in their study while also including approaches for signalized intersections. The detailed review on autonomous overtaking was published in [47]. The authors demonstrated that the dynamics of vehicles and restrictions associated with the environment, as well as proper understanding of the environment and nearby obstructions, are the two key components of high-speed overtaking. Bresson et al. [48] conducted an assessment on localization methods for autonomous cars equipped with on-board sensor-based systems along with the combination of a communication network, either V2V or V2I, or in some of the cases both are equipped.



Development of Vehicular Networks and Cloud Options


Furthermore, one may see several research contributions revolving around cloud computing [49,50,51,52,53,54,55,56,57,58]. In these research manuscripts, authors have investigated the vehicular computing based on cloud things and associated its extension to mobile-based cloud computing and vehicular networks. In addition to this, one may find additional information related to privacy, security topics, and concern areas such as cloud applications and their formation along with the communication system design. The difficulties of vehicle cloud networks were discussed in [50,51]. Last but not least, one may see similar discussions on vehicular cloud options, including traffic models, services, and applications that can make vehicular clouds possible in a more dynamic setting [52,53]. Reviews written by various authors have concentrated on a certain topic. Although review paper [40] focused on a more general topic, network connectivity was highlighted. The application had very few details. However, the researcher in [40] only highlighted applications that may use gathered data to check drivers, hence lowering the danger of sluggish drinking, as an example of driver monitoring. As per our best efforts on studying the literature, one may be unable to find any study related to the cutting-edge trends in autonomous vehicular technology. Hence, the aim to include this in our review manuscript is to comment whether the above-stated jobs will be performed by the modern autonomous vehicular technology or not. Fuzzy, modern predictive control, and a number of other techniques are used to enhance fuel efficiency and energy consumption without sacrificing the vehicle’s performance. Some of these provide information on the EMS’s real-time development process and its calibration parameters, which are utilized to improve the vehicle output characteristics. These parameters include SOC, vehicle speed, power-split, etc. The primary goal of this type of research is to investigate a comprehensive strategy for creating the control architecture of an EMS using multiple control techniques. Along with a brief suggestion and debate regarding the improvement of future EMS research, constraints and difficulties relating to EMS breakthroughs are also suitably emphasized. The significance and potential effects of real-time EMSs with different control systems were finally revealed by an interpretative analysis [39]. For the transportation of the future, which is anticipated to be sustainable in terms of energy generation, consumption, and vehicle emissions, these methods are all put forth. Vehicle electrification, autonomy, and implementation all heavily rely on embedded intelligent systems. Despite the fact that electric vehicle technology is anticipated to dominate the automotive powertrain design in the next decades, a number of obstacles currently prevent their widespread adoption in the automotive industry. These obstacles can generally be divided into four categories: consumer behavior, charging infrastructure, car performance, and governmental backing. Hence, a thorough understanding of these obstacles is a matter of concern. Based on the importance of each barrier to be found and removed, this article studies them and deduces the relative order of their removal [40].



This paper starts with information about the digital-twin-based vehicle propulsion system (DTVPS) and its revolutionary benefits associated with the wide band gap (WBG)-based semiconductor trend utilized in power converters. Later, one may read about the rapid charger technology in detail with respect to vehicle-to-grid (V2G) and vehicle-to-device (V2D) communication systems [59,60]. In addition to this, one may see the overall investigation provided by these modern strategies that make modern autonomous cars more powerful. At the same time, there is a recommendation of resolving the issues as stated in this manuscript. Thus, the main objective of this research article is to propose an overall picture of this topic though comprehensive literature work which includes related areas but no discussion on algorithms at this moment.





2. Future Electric Vehicle Propulsion Systems


In terms of the concept related to electric vehicle propulsion systems, one may understand it in an easy way, as it requires a power converter, a battery, an electric motor, and, last but certainly not least, a fixed transmission. Moreover, there is no need for a gearbox, and it is also free from clutch and oil filters. This cuts down the costs as well as improves the driving comfort [61,62,63,64]. One may find the information associated with the upcoming market trends with EV propulsion in this section and will be able to draw the new directions for research as well.



2.1. Development of Digital Twins for EVs and Their Perks


For many years, automotive researchers and engineers have created analytical and simulation models of the individual parts of EVs as well as complete EVs. With time, these models have advanced and become more precise. With the advent of sensor technologies and the powerful IoT-like feature, all offline models have been turned into digital models that provide liberty of monitoring, rescheduling maintenance, predictive maintenance, and fault endurance and recognition for their lifetime. This results in reducing the costs over the intermediate steps during manufacturing, such as system design verification and validation. These are the reasons that digital twin has been initiated based on the advanced strategies such as AI, IoT, and cloud computing [65,66].



The entire idea about digital twin is illustrated in Figure 1, where one may see an electric vehicle containing all essential components, such as a power converter, battery, and then a suitable number of sensors equipped with a motor. The representational model of the simulation platform is housed in the virtual environment. Thus, using a multi-physics framework, one of the highly accurate models has been developed. The exchange of information and data links the physical and digital worlds. The vehicle designer can develop a virtual process that runs concurrently with the real one and functions as a source that helps in analyzing the model in terms of dynamic and static perspectives.



The EV’s digital twin model and tool can provide the following advantages:




	
Ensuring that future EVs’ functionality, energy efficiency, and user comfort all advance significantly: These criteria can gauge the usability and attributes of the vehicle, for instance, price, driving distance, range forecast, overall journey time, appropriateness of a long-distance trip, comfort in all environmental circumstances, and comfort in traffic situations.



	
Stress modeling and study using multi-physics: This analysis predicts breakdowns in advance, allowing for the prevention of failures and a reduction in downtime.



	
Predictive maintenance using reliability analysis based on mission profiles: Battery-based electric vehicle drivetrain deterioration of the components crucial to system dependability can be identified via the mission-profile-oriented accelerated lifetime testing. As a result, product developers will be better equipped to innovate quickly and consistently, testing several combinations of various variations of drivetrain components and experimenting with novel ideas.








Additionally, maintenance protocols and schedules can be created utilizing the data collected from the digital twins of the cars to ensure that the parts are available before they are anticipated to fail in the EV and reduce inventory stocks. The use of the digital twin in control design, designing powertrain, and the dependability of innovative new powertrains is also one of the major themes of the future. This shares three significant domains, such as the digital-twin-based reliability, its design itself, and digital-twin-based control design. These areas are all crucial for creating future vehicle generations that are more dependable and cost effective.




2.2. Power Electronic Interfaces


Power electronic converters are no doubt important components of any electric vehicle propulsion [11]. Numerous studies have been undertaken in the area of semiconductor -based materials designed as switches for these power converters. These switches are currently proposed based on silicon (Si) materials or silicon carbide (SiC). A few of them use gallium nitride (GaN), as referred to in [67,68,69,70]. The only limitation or constraint with such switches is their switching frequency. As per the user requirement, it is seen that the silicon-based IGBT traction inverter designs restrict the switching frequency [71]. These wide band gap materials need one- or two-electron volt energy to transfer their electron to the valence band in order to execute the conduction [67,68,69,70,71,72,73]. Such properties are illustrated in Figure 2.



For Si-based OBCs, the switching frequency for MOSFET-based on-board chargers (OBCs) must be less than 100 kHz [72]. The WBG semiconductors, in contrast to typical Si semiconductors, have intriguing characteristics and advanced material features, such as the capacity to function at higher voltages and with less leakage current, as well as greater switching frequencies and thermal conductivity. Thus, for low-voltage applications, the high-frequency-based WBG semiconductor provides good efficiency along with better power density. This results as a reduction in the overall weight of the converter and efficiency of the electric powertrain. Moreover, these high frequencies that are in between 40 kHz–100 kHz for active front-end inverters and 200 kHz to 500 kHz for OBC systems will allow to even operate on high temperature readings as well. It has been observed that there is much less focus dedicated to the thermal control of GaN-based semiconductor devices. Thus, precise models for GaN-based power electronic converters are required so that one may suggest the outcome based on their parametric as well as non-parametric representations.



Additionally, for power electronic converters, the most failure-prone devices are the semiconductor modules. This is because of their high thermal stress property. Many of these failures are time-dependent dielectric breakdowns [74]. WBG-based power converters are most reliable because of their higher activation and are currently preferable due to their cost-effective packaging devices. These reliability operations have so far not been discussed in previous research contributions. Although there are some research manuscripts that may share the reliability analysis of silicon- and silicon-carbide-based converters, one may find very little research on GaN-based power converters. These GaN devices in the EV power industry enable higher range efficiency, but still one of the key constraints in this area to tackle is the range of voltages. Regarding the predictive maintenance and reliability, no detailed stress study is available. Therefore, in accordance with these WBG technologies, one may see them being integrated with electric motors as well as with the battery systems.





3. The Future of Solid Batteries


Because of the dominating properties, lithium batteries are currently the most common type of batteries used in electric vehicles, according to the literature [75,76,77,78]. This battery’s role in EVs is crucial, since it determines the vehicle’s energy, cycle life, power performance, safety, and, most importantly, its driving range. Numerous unique scientific advancements in battery chemistry, composition, and manufacturing have improved the performance of EVs while also lowering their overall cost [79].



3.1. Previous Technology Developments Associated with Lithium Batteries


According to the cathode material utilized, Li-ion batteries are frequently categorized [80,81]. The common iron and phosphate are used to create LFP (lithium iron phosphate) batteries, on the other hand. Due to the material’s hard olivine structure, these batteries have a very long lifespan and are capable of producing very high power. Unfortunately, this technology’s intrinsic low potential compared to Li+ and particular capacitance make it less suitable for high-energy applications. LFP is still a good option for power applications (hybrid cars, power equipment, etc.) or situations requiring a lot of cycles, whereas both lithium nickel cobalt aluminum oxide (NCA) and lithium nickel manganese cobalt oxide (NMC) are energy-dense technologies, and electric cars frequently employ them. The amount of cobalt is being decreased in favor of the amount of nickel in both technologies, which is a definite trend. This guarantees a better energy density and lessens reliance on pricey cobalt. Studying different stoichiometric proportions enables us to see several types of NMC which are now available for commercial usage. Considering NMC111, NMC532, and NMC622, each of the three components are present in the same quantity. NMC111 is better suited for higher power applications, since it has less nickel and more manganese, but NCA, NMC-532, and NMC-622 are considered to be cutting-edge cathode materials, as seen in Figure 3.



There are many constraints of negative electrodes in terms of their availability for commercial usage. Because of their low potential when compared with Li+, it is observed that high specific capacitance and carbon anodes have outclassed them since 1991. In the year 2016, almost 90% of commercial batteries were based on graphite, whereas only 7% of them had amorphous carbon and only 2% had lithium titanate oxide. These materials have the ability to charge the batteries quickly but at the same time the raw material seems quite expensive, along with the low energy density [82]. There is a plethora of perks of the electrode material available today in the market, and this is because of the recent research and developments occurring in the field of Li-ion batteries, as illustrated in Figure 3. In the near future, silicium’s contribution to this will be crucial. It has been observed while going through the literature that silicon is one of the alternate solutions for the next-generation materials for anodes [83], and this leads toward the reduction in the low prices: almost eight to ten percent less than graphite. In addition to this, the life cycle of silicon-based batteries is still short, even with the amalgamation of graphite electrodes in lower amounts. A few examples of this amalgamation have occurred already, for example, the 5 percent incorporation in Panasonic cells which were later utilized in Tesla X. We all expect that the technology that we have today will surely expand in upcoming years, and with this expansion there will surely be a boost in nickel-based cathodes that may lead to lessen the silicon’s content and immediately will result in an increment in energy density. This is something that is expected until 2025, along with the anticipation of technologies based on lithium-sulfur-oxygen and solid-state batteries. In the coming eight to ten years, the current market is predicted to head toward the next generation of technology based on the lithium-ion battery. It is concluded that with an inclusion of cobalt or nickel the energy densities can be increased at the cell level as well as at the pack level, as shown in [84,85]. In order to fulfil this prediction, extensive research is required on these solid-state electrolytes. These are the thicker electrolytes with higher energy densities. They are not flammable and do not have any impact on concentration polarization voltage losses like the other liquid electrolytes. These are found to have brilliant dendritic growth resistance that allow us to use Li-based anodes easily [86].



Specifically, for a solid electrolyte to be used for the applications associated with an electric vehicle, it must have a fast charging capability. In addition to this, the maximum current density over which the battery becomes short circuited due to the Li-dendrite penetration phenomenon is one of the key things to be kept in mind. The modern parametric reading for critical current density values should be below the value of 5 mA/cm2 [87,88], but in actuality they are even below 0.12 mA/cm2. Furthermore, variable current densities are needed for charging and discharging. Recently, it was discovered that critical current densities are higher during charging than during discharging [86].



Investigating the interfaces such as electrode to electrolyte in solid-state batteries is one of the significant aspects in acquiring high specific energy with a longer life cycle. Moreover, one of the reasons due to which cells usually fail is the electro-chemical interfacial instability. For example, solid-state electrolytes presently have a stability window up to 6 V as compared to Li+/Li batteries. The cell impedance may eventually rise as a result of the breakdown of the solid electrolyte–solid electrode contact. The purpose of some techniques, such as liquid–solid hybrid electrolytes, is to explain the interface instabilities [87]. It is seen that the polymers and their composite electrolytes are majorly centered on solid-state batteries; this is because of their well-oriented nature towards the field of energy storage. In addition to providing improved mechanical flexibility, processability, and scaling up, they are less flammable than liquid electrolytes. Due to its broad ionic conductivity ranges, poly (ethylene oxide) (PEO) and its derivatives have fascinating solid-state battery possibilities. Compared to the conventional organic liquid electrolytes, ion conduction is still less efficient and more challenging [89,90,91]. Solid-state battery production comprises distinct lines for anode, cathode, and electrolyte sheets, much like standard Li-ion battery assembly. The production of battery parts and the methods by which they are assembled, however, differ. In contrast to conventional Li-ion batteries, electrodes must be added after the electrolyte has been created. Additionally, the creation of extremely poisonous H2S (in the case of sulphides such as Li6PS5Cl) and somewhat high temperatures (over 1000 C in the case of Li7La3Zr2O12) are required for the production of solid electrolytes [92].




3.2. Problems Confronting the Solid-State Battery and Potential Solutions


It is a fact that the cost per cell or cost per pack is very high for EV applications, and the same goes for the energy per cell and pack as well. This goal is quite sincere, even though the expected level of safety is compromised. Here is a list of some of the issues that scientists are now working to resolve:




	
Due to the weak wetting between lithium and the solid electrolyte, an interfacial resistance forms. Solid electrolytes, especially those made of ceramic, exhibit very high interfacial resistance due to insufficient wetting of Li. Li is therefore ineligible for use in solid-state batteries. It was discovered that solid electrolytes made of polymers exhibit improved Li wetting while having less ionic conductivity than their ceramic counterparts. In light of this, polymer/ceramic composites can be used as electrolytes to address the Li wetting problem [86].



	
Li metal used in high-power applications has substantial dendrite development and spread problems. The critical current densities for solid-state batteries are quite a distance from the intended value of 5 mA/cm2 [87,88]. Additionally, since plating (charging) and stripping (discharging) differ from one another, the critical current density must be decreased. Dendrite propagation is severely constrained in dense microstructures, hence great attention has been taken to create the electrolytes as tightly as possible, despite the fact that the exact reason and therapeutic treatments are yet unknown [86].



	
Solid electrolytes with high ionic conductivity are challenging to make, store, and handle. They are expensive to use and necessitate specific methods and oxygen-free environments. In this field, there is a constant need to reduce production costs and facilitate handling of solid electrolytes.








During the process of developing a cell based on ceramic material, there are a lot of heat pressing techniques being utilized, as illustrated in Figure 4. Moreover, this step is performed to ensure the proper but smooth relation or contact between the electrode and its electrolyte. Today, the design engineering may easily perform this process, whereas it is observed that the bulk type of solid-state batteries may produce enough retention capacity [93]. On the other hand, the scalability is also one of the main constraints of bulk-type batteries. Thus, one may opt for polymer composites as a true solution during the massive production of these products. Furthermore, Li metal creeps while being operated on at high temperatures. Therefore, in modern methods it is suggested to engage Li metal in a process that actually reduces the creep tendency [94,95].




3.3. Batteries with Embedded Sensors


Over time, battery performance changes substantially. This may be the result of a multitude of undesirable material side reactions that eventually lead to capacity fading and impedance growth, which may raise safety concerns about dendritic short circuits. It is essential to properly manage and monitor batteries when they are in use. To perform this, a battery management system (BMS) is typically used. Each cell’s voltage, current, and temperature are kept within its ideal safety parameters by the BMS. There are states of a battery, such as the state of charge (SoC) that shares the energy storage information one battery has [96] and the state of health (Soh) that describes the capability of a battery to hold on to a charge as compared to a new battery [97]. These parameters can never be examined directly, but can be analyzed with the help of voltage, current, and temperature measurements. Currently, they are accurately measured and optimized using intelligent algorithms [97]. These all-measurement techniques involve sensors to track all such parameters that share all information related to battery life. Implantable sensors that are integrated into battery cells are thus receiving more and more attention.



This approach will enable us to measure previously unmeasured quantities, learn more about the physical parameters, and comprehend the parasitic chemical activities that happen inside of the cells. This results in the improvement of dependability and advancing the security of batteries. The factors such as pressure, strain, expansion, temperature, and composition of the proposed electrolyte enable the numerous possibilities when computed using next-generation state estimation techniques [98].



Another recent area of study is batteries that can heal themselves. Unwanted chemical alterations within the cell are the cause of battery breakdown. Reversing these modifications to return the battery to its initial configuration and operation is the idea behind self-healing in batteries. Batteries with self-healing capabilities will focus on repairing damaged electrodes on their own to restore their conductivity, controlling ion movement inside the cell, and reducing the impact of parasitic side effects. Due to the difficult chemical environment that self-healing mechanisms must operate in, the field of battery technology has been sluggish to adopt them, but the subject is presently gaining ground quickly. There are some polymer-based substrates that heal themselves and are commonly known as self-healing polymer substrates (SHPS). Their primary goal is to repair all damages on electrodes and try to restore the conductivity [99]. Self-healing polymer binders, such as those used in silicon anodes, are designed to keep fractured active material particles from losing electrical contact with one another [100]. Functionalized membranes, which can trap undesirable molecules and stop them from reacting with other components in the cell, are another potential idea.



On the other hand, self-healing electrolytes have healing agents that can dissolve undesirable depositions [90]. The enclosed self-healing molecules are a promising concept for the future. These are made up of therapeutic substances housed in microcapsules. By supplying the proper stimulus, the healing chemicals can be released when necessary. The functions of sensing and self-healing should be emphasized as being closely related. Smart batteries combine both of these features so that in the first place a BMS will receive signals from the integrated sensors and analyze them. In the event that a fault is found, the BMS will signal the actuator, stimulating the proper self-healing procedure. The reliability, lifetime, user confidence, and safety of future batteries will all be maximized by this ground-breaking strategy.



One may be thinking about integrating the sensors with the battery, so for this purpose as described in [91], where an integrated conductivity and temperature (CT) micro-sensor for the conductivity high-precision measurement of electric car battery coolant was inserted, one may embed the sensor with the battery in the same manner. An inter-digital micro-electrode is made for conductivity sensing, and the temperature sensor cell is a thin-film platinum resistor. With a resolution of 0.1 S/cm, the integrated CT sensor has a respectable limit of detection. Moreover, sensors have a high-precision signal collection and processing circuit constructed for them, and a desirable full-scale measuring error is seen. Moreover, once this sensor is deployed the data can later be easily transported to a static IP using the Internet of Things and can perform several AI algorithms for further monitoring and predictive maintenance.





4. Intelligent Bidirectional V2G Systems


For the widespread use of EVs, the battery needs to be charged quickly and effectively. The average modern electric car can travel 300–400 km without recharging. There are numerous difficulties to think about: the first is having charging stations available everywhere; the second is quick charging; and the third is improving power density and specific power [101]. There are four primary forms of charging in use today. The following charger types are described in Table 1 [102].



In level 1 and level 2 chargers, batteries are always plugged in on-board, whereas in level 3 converters they are usually off-board systems and have enough ability for a high-power charge. Moreover, it is also seen that level 1 and 2 are sluggish when it comes to their charging time, and therefore they are available commonly in public spaces, homes, and private setups. In most of the shopping centers one may find level 3 charging systems, which are DC power in nature and very fast in charging the system [101,102]. Regarding the level 2 charging systems, they produce approximately 20 kW of AC charging and take almost 2 h; using this system the EV may travel up to 200 km. In addition to this, one may cover 200 km by utilizing the 150 kW DC charging system that may lower down the time by 15 min compared to the conventional one. Similarly, the charging system of 350 kW takes 7 min [103,104].



Regarding the three-phase topologies compared to the front-end inverters, they may include rectifiers based on diodes, matrix rectifiers, as well as Vienna rectifiers [105]. The simplest and most effective tool for power conversion is a diode rectifier. However, the output fixed voltage is affected by the three-phase supply voltage. In terms of total harmonic distortion, it is unfavorable (THD). A three-phase active front-end (AFE) rectifier tackles the THD problem by generating three-phase sine shaped input current waveforms with an enhanced power factor and efficiency and offering variable DC output voltages. Even though it might not be as well known, the Vienna rectifier is becoming more and more widespread. Out of all the three-phase conversion techniques described so far [103,106], the AFE boost rectifier can be used for off-board fast-charging systems. As the number of battery electric vehicles has expanded, so too has the prevalence of grid-connected power electronic converters (PEC). If these PECs are bidirectional, the power kept in a car can be used to either supply peak power or temporarily store electricity (V2G, or vehicle-to-grid; grid-to-vehicle, G2V). Active switches now replace diodes in the existing PEC topologies to handle the bidirectional power flow. The system design for the multiphase-bidirectional on-board charger is depicted in Figure 5.



Bidirectional (V2G/G2V) On-Board Charging Systems


For opting for the off-board charger in the power electronic converter there are a few main factors that must be studied, such as high reliability, distortion-free operation, less grid interference, lower system size, weight, high efficiency, and, last but certainly not least, high efficiency. In order to be portable, light, and effective, wide band gap devices have contributed a lot, and they made switching frequency optimal as required in this domain by low gate charge and output capacitance. This was possible all because of the GaN-based power transistors. The devices such as capacitors, inductors, and transformers, which are passive in nature, were also changed to be lighter weight and smaller in size [107,108] because of the advent of WBG technology. It is noted that GaN-based transistors are high electron mobility transistors (HEMT), thus we call them GaN-HEMT in short, and they have a voltage rating up to 660 V, whereas the current ranges from 20–50 A [104,107]. These components are mostly deployed in off-board chargers (OBCs) with the output power ranging in between 3.0 kW and 20 kW. Figure 6 is illustrated in order to show two single-phase bidirectional off-board chargers with a special DC to DC stage structure as well as the same identical AC to DC structure, which is a totem pole PFC. One may also see the dual active bridge that is functional because of the galvanic-nature-based isolation and bidirectional power transformation, including zero-voltage detector and switching at both primary as well as secondary sides. This has compact-size-based components and a fixed-frequency operation, as referred to in [109].



It is tough to achieve the full range of ZVS due to the wide range in load power. The resonant bidirectional CLLC architecture (where C is capacitance and L is inductance) shown in Figure 7b is incredibly efficient because of the zero-current switching (ZCS) on the secondary side and the zero-voltage switching (ZVS) in the main bridge. The CLLC architecture has the drawback of not being able to adjust output voltage using the series resonant frequency when it is being used for charging.



In order to solve this issue, reference [70] advises switching from frequency modulation in the DC-DC stage to DC bus voltage modulation in the PFC stage. The resonant CLLC stage will be able to function at its most effective level as a result [109,110]. A modular converter method is a suitable replacement for the development of ultra-fast charging systems.



Four AFE converters are combined and connected in parallel to generate the current design, which is suggested for the 600 kW DC ultra-fast charger [111]. This is seen in Figure 7. A comparison of silicon-based and silicon-carbide-based semiconductors has been performed for each module with a 150 kW power rating. In order to examine the effectiveness of Si (SKM400GB12T4) and SiC (CAS300M12BM2) devices at various power levels, a non-linear electro-thermal simulation model was adopted. The simulations for both scenarios contain the pertinent datasheet information. Figure 8 illustrates how SiC devices are substantially more effective as chargers than silicon-based ones. Wide band gap devices can save energy in this way because Si has a larger loss than SiC.





5. The Transition to Climate-Neutral Transportation and Energy


Integrating renewable energy sources such as wind, solar, and hydro is essential to creating communities with sustainable energy. Even when accounting for the hourly effects of renewables’ intermittency in a fully dynamic energy system, renewable energy sources have a far lower impact on climate change from a life cycle viewpoint than conventional energy sources such as oil, natural gas, or coal [112]. The increasing amount of distributed power generation equipment connected to the utility network has caused problems with power quality, safe operation, and islanding protection. In order to adhere to grid interconnection standards, distributed generating system control must be improved [113]. For instance, transitioning to all-electric cars would only increase electricity use by 20% in Belgium [114]. Renewable energy is being used more frequently. What happens if there is neither wind nor sun, though? In these situations, we must either rely more heavily on alternate energy sources or invest more money on energy storage. Battery size plays a big role in electric car performance. Batteries in cars can be used to store extra solar- or wind-generated electricity. The phrase “smart charge management” is used to describe it. When there is a high demand for power, the stored energy can be released back into the grid. The technical term for this is vehicle-to-grid, or V2G.



An extensive cycle test revealed that using the V2H to power a house had little influence on the battery’s effects of aging. The main cause of the V2G features’ minimal effects on battery aging is that the discharge current needed to power a house is substantially lower than the current needed to accelerate an automobile [115]. A battery can be integrated into a Local Energy Community (LEC) in a number of advantageous ways, enabling energy to be stored while it is affordable on the wholesale market and released when it is more expensive. Capacity credit, a service offered, can help delay or reduce the need for infrastructure upgrades in the production, transmission, or distribution sectors. Batteries installed behind the meter can also help with backup power and energy cost reduction by increasing PV self-consumption in microgrids.



As energy communities and more decentralized production become more common, the power grid is projected to alter. The energy management of such systems must include electric fleet bidirectional charging systems, which can offer services that are flexible in nature, enhance self-consumption, and continue to prevent grid congestion. A vehicle-to-grid case study’s techno-economic analysis can be found in reference [116]. However, for vehicles and chargers to function in a bidirectional manner, electricity must be able to be transmitted in both directions. This raises a need to initiate communication with the local grid operator, which is still an unresolved issue. The first realization shows how taking use of value streams connected to grid balancing can be facilitated by intelligently integrating electric vehicles into a grid [117]. Therefore, it is crucial to build a real laboratory where this research can be carried out. Several guidelines and specific requirements for integrating the V2G in a local energy system are provided in reference [118]. Electric vehicles are seen to emit two times less carbon dioxide (CO2) over the course of their whole lives than gasoline or diesel engines do if we use the European electricity mix. This may be four times less if we use the electrical mix in Belgium as an example. If automobiles were fueled by renewable energy, carbon dioxide emissions might be reduced by a factor of more than ten [8,102,119]. Figure 9 displays the findings for each vehicle’s ability to contribute to climate change or global warming. The BEV using Belgium’s power mix receives the lowest overall grade for climate change.



The BEV also outperforms conventional gasoline and diesel vehicles in many other mid-range areas, with the exception of human toxicity. The large impact on human toxicity is brought on by the creation of auxiliary components such as batteries, motors, electronics, etc. However, when comparing the well-to-wheel (WTW) phase, which is appropriate for the Belgian limits (and urban region), it is evident that the BEV has higher ratings than all other vehicles in the investigated impact categories.



In light of this, reference [120] suggests a range-based LCA method that takes into account the market variability of each technology. The results reveal that, as shown in Figure 10, the BEV performs best when evaluated on an all-encompassing single score level.




6. Autonomous Electric Vehicles (AEVs)


These industries are transitioning towards greater automation together with the electrification of the energy and transportation sectors. The development of electric vehicles with high levels of automation is receiving more research attention and funding from the automotive industry as well as other technical industries. This is the main reason that the electric vehicle has to be autonomous, to bring more perks in terms of cost reduction, safety, service level, and above all environment benefits [121,122].



Synergies between AVs and EVs can be used as a result of the transition from EV to AEV. New innovations in data-driven algorithms, artificial intelligence, robust sensor technology, and smart communication are all necessary for this transformation. The mobility system and its integration into the power grid may be further optimized and its environmental impact may be decreased by addressing the fleet management and energy demand challenges [123]. Strong and rapid communication protocols are important to offer a seamless integration.



6.1. Wireless-Enabled Technology for AEVs


While embedding the highly autonomous features in a car to turn it into an autonomous vehicle, there must be a method of communication to interact with surrounding vehicles, and this communication is commonly known as vehicle-to-vehicle communication (V2V), whereas the communication in between vehicles and any infrastructure is known as vehicle-to-infrastructure (V2I). Moreover, there is vehicle-to-home (V2H) as well as V2P, which stands for vehicle-to-people communication. V2N is an acronym for vehicle-to-network. All of these protocols are illustrated in Figure 11.



There are numerous ways to establish this contact, each having benefits and downsides of their own. Bluetooth, 5G, and Wi-Fi are well-known wireless communication technologies. Although these radio wave technologies may occasionally offer enough bandwidth for V2V and V2I communication, it is important to take into account circumstances where this is not possible. Examples include rural areas, urban areas with poor coverage, areas with high electromagnetic interference, indoor and underground spaces such as parking lots and tunnels, etc. Light Fidelity (Li-Fi), which uses visible and infrared light for data flow, is an alternative to radio wave communication. Professor Harald Haas coined the term “Li-Fi” for the first time in 2011 [123]. Using the light from a straightforward LED desk lamp, he demonstrated how data may be delivered in the direction of a photoreceiver. By adjusting the light radiation from currently installed lighting infrastructure, such as streetlights, automobile headlights, etc., this can be accomplished. A unidirectional or bidirectional communication link with a bandwidth that can produce a data rate up to 100 times greater than Wi-Fi can be established with the use of suitable photoreceivers [123].



Figure 12 shows the technical implementation of Li-Fi. By turning the current on and off, an electrical driver controls the brightness of the light generated by the transmitter of solid-state light sources such as an LED or a laser diode. Implementing Li-Fi is rather simple because solid-state lighting is becoming more and more common in infrastructure (road lighting, traffic signals, and vehicle head- and taillights). A completely new infrastructure must be constructed in comparison to similar systems employing traditional RF-based communication (such as dedicated short-range communications, or DSRC). Since a Li-Fi transmitter can be as basic as an LED light, current lighting systems could be converted to Li-Fi transmitters. Following that, it can serve as a hub for accessing information for both automobiles and other road users (pedestrians, bikes, etc.). This results in a low implementation cost and a large number of accessible access points. With minimal effort, the current “dumb” lighting infrastructure for roads may transform into a “smart” lighting infrastructure. However, as was previously mentioned, its implementation is still difficult. However, compared to alternatives, the expenses of implementation are cheaper.




6.2. Shared Electric Autonomous Vehicles (SEAVs)


Given that they may be less expensive, safer, and more effective alternatives to the ridesharing and car-sharing choices available now, shared autonomous vehicles (SAV) are generating a lot of attention [124]. In addition, SEAVs, the electric version, could economically compete with current modes of transportation and have less of an impact on the environment than traditional combustion engine cars. As a result, they are thought of as a promising element of smart mobility [124]. The use of SEAVs involves a number of difficulties. Estimating passenger demand and determining the desire to use and pay for this service will be essential from an economic perspective in order to develop workable business models [124]. The vehicle supply must correspond to travel demand from the perspective of mobility. SEAVSs may increase mobility, particularly for elderly and less mobile individuals [125,126,127]. In this aspect, the digital divide between people—where those who are less tech-savvy and resistant to embracing new technologies are people who are socially excluded—is concerning. Due to the electric nature of AEVs, fleet management must maintain passenger service while also considering the driving range and charging requirements. For SEAV fleet charging, it is important to consider the anticipated quantity, location, and power levels of the charging stations [123]. This is still an active area of research, because studies on SEAVs that take charging aspects into account [128,129] have only included a spatial distribution or rule-based introduction up to this point; they have not looked at other factors to determine whether a location is suitable or examined grid constraints or impacts.



The widespread adoption of electric vehicles also prompts energy-related worries about the availability of electricity and the electrical infrastructure. The widespread use of EVs, however, has been demonstrated to only slightly increase the demand for electricity and presents significant potential to balance the electricity grid through a variety of ancillary services with improved bidirectional charging (vehicle-to-grid) [130]. Additionally, as discussed in the previous chapter, EVs can help accelerate the deployment of renewable energy sources (RES) by balancing their intermittent nature. The SEAV fleets offer potential in this regard because of their high degree of controllability and coordination [131]. Due to their autonomous and electric natures, which enable optimized fleet behavior, studies at this time highlight the potential of SEAV fleets (environmental, economic, and service-related). However, it does provide a challenging fleet management issue that necessitates further research as well as the creation of crucial enabling technologies, including mobility and energy demand.





7. Autonomous Electric Vehicles and Autonomous Driving Concept


This section gives a thorough overview of the enabling technologies used to make autonomous vehicles a reality, including advanced driver assistance systems and the idea of operating electric vehicles (EVs) on their own. It then offers suggestions for resolving identified problems and identifies any gaps in the existing literature.



7.1. Advanced Driver Assistance Systems (ADASs)


Prior to fully autonomous driving, the technology of advanced driver assistance systems (ADASs) is briefly discussed. To improve road safety, monitoring, braking, and alerting functions can be helped by ADASs. ADASs are capable of monitoring or assisting with parking. Streetlights, traffic data, and other connected technology can increase the safety of roads for both drivers and pedestrians, in addition to ADAS. Governments may soon mandate the installation of necessary ADASs and their components in automobiles over the next few years as ADASs continue to strive for more advantages. It is important to emphasize that the ADASs covered here are not autonomous vehicles but rather technology that aids the driver while driving. The technology in today’s driver assistance systems is gradually becoming more sophisticated. The majority of systems attempt to provide adaptive cruise control, driver fatigue detection, forward collision warnings, lane-departure warnings, and parking assistance [132]. There is plethora of commercially available advanced driver assistance systems (ADAS) that have the potential to improve driving comfort and safety. Owing to age-specific performance limits, older drivers could profit a lot from such in-vehicle technology, assuming that they are purchased and used. However, at the same time, as per the findings of various market research surveys, there is much greater knowledge of ADASs than there is usage of them. In a semi-structured interview study, 32 senior citizens were polled to examine the gap between awareness and desire to utilize ADAS. There are numerous research studies, such as [132], that look at senior people’s knowledge, experiences, and obstacles to using ADASs.



Backward parking is intended to be both secure and comfortable via parking assistance systems. A collision while reversing is avoided thanks to a reference that tells the driver where the car is going. When a motorist gets too close to a vehicle in front of them, forward collision avoidance systems are intended to provide them an audio and visual warning [133]. To assess whether there is a risk of collision, these systems often evaluate the distance between the two vehicles and keep an eye on their own speed as well as the speed of the vehicle in front of them [134]. LiDAR, GPS, radar, and vision-based sensors can all be used for monitoring [135,136].



The usual causes of abnormal driving are intoxication, carelessness, and/or exhaustion [136,137,138,139,140,141,142,143,144]. Any of these factors usually cause a motorist to act differently or move their body in a certain way. The typical behaviors of a fatigued driver are rapid and continuous blinking, head nodding or swinging, and frequent yawning [145]. On the other hand, a drunk driver frequently gets into the habit of accelerating or decelerating suddenly and reacting slowly. In some ways, reckless driving is similar to drunk driving. The motorist may be conscious but under the influence of emotional elements, which would cause them to accelerate or decelerate suddenly and go over the speed limit [145]. Consequently, a driver monitoring system can be implemented by either directly or indirectly watching the driver. Direct driver monitoring systems use a variety of sensors to track the driver’s bodily movements and heart rate. Analyzing pedal and steering movements as well as responses to specific events is a part of indirect driver monitoring [146,147]. A warning mechanism will be activated when such anomalous activity is discovered.




7.2. Constraints of Autonomous Driving


Even though there has been a lot of research conducted in the field of autonomous vehicles, several topics have not been covered. First off, a sudden obstruction during the autonomous vehicle’s parking trajectory has not yet been mentioned in the literature. A toddler might sprint into the parking lot to grab something, or an adult might inadvertently enter that space. For the benefit of the driver, a rear camera is placed, and a sensor that detects impediments in the rear is also installed. However, it is possible that the driver will not glance in that direction or that the sensors will not raise an alarm. When completing the parking trajectory, an autonomous vehicle should stop appropriately if such a sudden impediment appears. For instance, if the autonomous vehicle detects a balloon as a barrier, it should continue with parking rather than halting.



Systems geared toward obstacle avoidance are discussed in the most recent research [148,149]. A further factor was offered by Funke et al. [149] that takes into account unforeseen barriers such as a deer crossing the road. None of the studies, however, have addressed how autonomous vehicles ought to respond when something falls off a vehicle. In the case of a large truck delivering a mass of iron rods for construction, if the rods were to fall off and penetrate the window of the truck, it may result in deadly injuries. Although giving way to an emergency vehicle has not been mentioned in the literature, emergency vehicles do have priority in junctions [150]. Future self-driving electric vehicles must rely on both their own internal sensors and the sensors of other cars. V2V will be used to exchange measurement data in order to improve environmental awareness. Utilizing low-cost GNSS receivers [151,152], radar-camera-based traffic monitoring devices [151], microscale traffic information, and other networks [153,154,155,156], it is possible to integrate ADASs and smart lighting infrastructures.



It is an admitted fact that a driverless car has so many perks, but at the same time it can cause several issues for our society. One important issue is being responsible for an accident; either the manufacturer should be accountable for this or an insurance company [157,158]. In [158], it has been claimed that treating autonomous vehicles and human drivers equally would guarantee that autonomous vehicles would only be held responsible for negligence-related conduct. Giving a car the same rights as a human may be easier to speak than to actually do. Tort laws should apply to cars in the same manner they do to dogs [159]. The dog law and this would be comparable. Because the authors did not address how the rule might be applied to autonomous vehicles, this indicates that there is still much work to be conducted before they can be put into practice. In [160], it was argued that manufacturers should be in charge of their design and emphasized that products should go through rigorous testing before actually being distributed because the installation of such a system should not compromise road safety. It is clear that improvements must be made to the law [160,161,162,163] controlling autonomous vehicles before they can be accepted by both the general public and manufacturers.





8. Challenges and Opportunities


The most recent research obstacles for intelligent, autonomous, and connected electric vehicle technologies are examined in this section. The following details are provided [164,165,166,167,168,169,170,171,172,173]. Better decision-making capabilities for driving are provided by autonomous vehicles, which eliminate intoxication, distraction, exhaustion, and the inability to make quick decisions. Many of these elements contribute to the technologies’ capacity to outperform human decision-making abilities when it comes to driving [169]. Hence, real-time responses and error avoidance represent key hurdles for AI-integrated autonomous cars. The significance of autonomous vehicle safety and performance measures has been covered in numerous research studies. These measurements ought to take into account sensor error, programming errors, unforeseen events and entities, likelihoods of cyberattacks and threats, and hardware failures. In the future, it will be crucial to develop these indicators and analyze them in a real-time setting. The comparative evaluation of autonomous driving systems is highlighted in Table 2.



Cyberattacks fall under a number of areas, including those that target control systems, driving system components, communications across vehicle-to-everything networks, and risk assessment and survey systems. Sensor attacks, mobile-application-based vehicle information system assaults, IoT-infrastructure-based attacks, physical attacks, and side-channel attacks are the main threat types that need to be investigated and examined. Moreover, cybersecurity uses artificial intelligence for attack identification. Another intriguing feature is autonomy architecture. Autonomous systems that integrate sensors, actuators, control mechanisms, a vehicle’s environment for monitoring, external control variables, speed, visibility, and object identification are crucial subsystems to pay attention to and investigate in architecture.



The cost of communication will rise as the number of autonomous vehicles rises. This results in packet delay or loss, which indirectly reduces performance or increases communication error. Human life depends on autonomous vehicles and their implementation. The drawbacks of previous efforts include the lack of in-depth research of current trends such as the use of deep learning and IoT. Furthermore, it is crucial to discuss intelligent tools and software, which are not covered in the works that have already been published. Moreover, improvements in effective simulation are needed. To create autonomous vehicles, object identification, path planning, sensors, and cloud computing should all be enhanced.



Path planning and motion control for autonomous vehicles can be determined using a predictive model. A more advanced AI-based model for AVs is required. Each element of real-time architecture must be taken care of. For instance, object detection and object tracking are necessary for scene recognition [179]. Current AV architectures do not provide a start-to-end representation [180]. System errors and scalability management should be able to be handled by the AVs’ architecture. As AVs must communicate with other cars in real-time while also perceiving their environment, real-time architecture is necessary. AI-based methods can accomplish this. Infrastructure and devices act as the primary agents in AVs, and they must cooperate for accuracy [181]. The SAE categorizes automation levels on a scale of 0 to 5, where 0 denotes no automation and 5 denotes complete performance. To reach level 5, businesses and researchers are working very hard [81]. According to SAEJ 3016, the following component classes are necessary for architecture:




	
In the operational class, vehicle control is the main concern.



	
Second is the tactical class, where object identification and tracking as well as path planning are planned.



	
Third, but certainly no less important, is the strategic class, where one may consider destination planning.








Design, development, validation, and real-time monitoring of AVs have all considerably benefited from AI. AI is a useful tool for perception, path planning, and decision making. AVs employ AI in the following ways:




	
Based on a predictive algorithm, autonomous vehicles choose their own routes.



	
AVs use real-time information from various sensors in an intelligent way.



	
Autonomous cars make decisions about their speed and course by studying the past.



	
In addition to this there are several future directions provided, such as the following:



	
An intentional attack on the AI system that interferes with its operation may put autonomous vehicles in danger of being destroyed. Attacks against stop signs, such as placing stickers on them to make them more challenging to identify, is an example of such attacks. As a result of these modifications, artificial intelligence may erroneously detect objects, resulting in the autonomous vehicle behaving in a way that puts humans in danger. Thus, there is a need to explore the RFID or IoT-based solutions that use artificial intelligence to solve these challenges.



	
It is observed that self-driving cars will revolutionize our lives. There is a need for legislators to create legislation that benefits the country’s economy and social structure. Studies have examined an AV’s potential to become a “killer app” with dramatic consequences. AVs will have substantial impacts over time, even if they are still in development. Thus, there is a need to study the safety precautions before accepting them in real environments.



	
Deep neural networks (DNNs) enable self-driving cars to learn how to move around their surroundings independently. Human brains are similar to DNNs because of they both learn via trial and error. There is no hard and fast rule regarding autonomous driving and how many DNNs are required. Thus, there is a need to conduct an in-depth study in the future.



	
A real autonomous driving on-road environment requires millions of interactions between vehicles, people, and devices. To handle such an extensive infrastructure, there is a need for high-end infrastructure, which may be costly. Thus, there is a need to study how artificial intelligence can efficiently utilize the infrastructure for smooth autonomous experiences.



	
In the future, more intelligent tools and software should be developed to implement better path planning and object detection in autonomous vehicles. Data communication should be of higher velocity, as real-time decisions are to be made [182,183,184].



	
In autonomous systems, the machine learning system monitors machine activity to predict problems. The solution reduces unplanned downtime costs, extends asset life, and increases operational efficiency. There is a need to identify the best machine learning algorithms and approaches that monitor a machine or its activities. This task can be explored in the future.



	
Early diagnosis of vasculature via fundus imaging may be able to prevent retinopathies such as glaucoma, hypertension, and diabetes, among others, from developing [185,186,187]. The overall purpose of this study is to create a new way for combining the benefits of old template-matching techniques with those of more current deep learning methods in order to achieve greater efficiency. A U-shaped fully connected convolutional neural network is used to train the segmentation of vessels and backgrounds in pixels of images (Unet). Likewise, other advanced technologies such as blockchain and quantum can be explored for AV mobile information systems [182,183,184,185]. The wireless sensor network is used in autonomous vehicles for information communication [186,187,188,189,190,191,192].









9. Conclusions


This manuscript proposes all of the cutting-edge discoveries related to electric vehicular technology and innovation. In addition to this is the brief study associated with the charging systems and their respective levels. The synergy between the shared autonomous electric vehicles and the current market is also described, and safety issues are addressed as well. This leads us to the conclusion that there is an immediate need to improvise the present advanced driving assistance systems, and this aspect is also covered in this review paper. Current developments in the battery technology and their system interfaces and cutting-edge solid-state battery evolution theory have been presented. Batteries will become more reliable and secure with the aid of this cutting-edge technology, self-healing batteries, and the integration of embedded sensors within the cell. The usage of a digital twin (DT) will allow for higher-reliability powertrain design, while also improving the economics and dependability of EVs. New trends and directions for innovative, practical, and reasonably priced powertrains are thus given.



Regarding autonomous driving systems, drivers will not have to manage such a complex chore any longer, preventing any potential harm when parking a car and reducing traffic congestion and fuel consumption. As was previously indicated, notions in the literature have been formed based on the full adoption of autonomous vehicles, which may not occur very soon. It has not been discussed how an autonomous vehicle should react to a careless driver. Tailgating, driving against traffic, speeding, neglecting to use turn signals, proceeding through red lights without stopping, and failing to surrender the right of way are all examples of reckless driving. Additionally, motorbike and autonomous vehicle interactions have not been taken into account by researchers, who have instead concentrated on four-wheel-drive interactions. It is difficult to determine how an autonomous vehicle should deal with a mode of transportation where there is a substantial danger of fatalities for motorcyclists. Modern technologies now have the ability to analyze driving behavior, which can help to prevent anomalous driving habits. The devices are able to control the lateral motion of an EV during unusual behavior. NVIDIA has established a new paradigm for autonomous driving software with the successful demonstration of neural-network-based autonomous driving. Autonomous lateral control is self-driving automobiles’ major problem. In terms of offering a full software stack for autonomous driving, an end-to-end model appears to be quite promising. This technology is one of several steps toward the realization of self-driving automobiles, even though it is not yet ready to be offered as a feature on the market. The work discussed in the paper [190] focuses on the application of an end-to-end paradigm. With the goal of illuminating deep learning and the software needed for neural network training, the subtleties of building an effective end-to-end model are highlighted. The model showed a 96.62% autonomy for a multilane track, like the one that was employed for training in this research contribution [190]. The model successfully maneuvered the car on single-lane, uncharted tracks 89.02% of the time. The findings show that end-to-end learning and behavioral cloning can be used with artificial intelligence to enable autonomous driving in novel and uncharted environments.



There are several reasons why EVs are attractive, among such reasons being the coordination between carbon footprints and the power grids employing various renewable sources. It is being investigated whether coordinated charging of electric vehicles has the potential to reduce the CO2 emissions associated with their charging by charging only when the grid’s carbon intensity (gCO2/kWh) is low and absorbing excess wind generation during periods when it would otherwise be curtailed. A time-coupled linearized optimal power flow formulation, based on plugging-in periods generated from a sizable travel dataset, is described as a way of scheduling charge events that seeks the lowest carbon intensity of charging while respecting EV and network restrictions [191,192]. Another reason is of course the efficiency of autonomous vehicles that has been increased significantly with the advent of artificial intelligence. Thus, an outline of autonomous vehicles is also included in this manuscript. The key components of an autonomous vehicle that enable data gathering and transmission are sensors. An improved system for lane keeping, lane change, and obstacle recognition is made possible by this information. However, various sensors have a number of limitations. Techniques for image processing could reduce costs; however, they are susceptible to climatic and environmental factors. Therefore, more work is required to either increase the reliability of inexpensive sensors or lower the cost of high-reliability sensors for mass production. In addition, the areas of research needed for autonomous intelligent vehicles were also noted. With the advent of technology day by day, road safety measures have been increased and still are top concerns while designing any advanced driver assistance product. The common issues on roads associated with society directly affect the driverless vehicles and their concept. This is the main reason that there is still no legislation on it. The future concern must be in this regard to set a main focus over the major penetration of autonomous shared electric vehicle and their co-existence with normal vehicles on the same roads.
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Figure 1. The creation of a digital twin implementation concept. 
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Figure 2. Comparison between silicon (Si), silicon carbide (SiC), and gallium nitride (GaN) [73]. 
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Figure 3. Illustration of Energy density vs. specific energy. 
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Figure 4. Battery production for process parameter optimization [94]. 
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Figure 5. Architecture of the multiphase-bidirectional on-board charger system [107]. 
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Figure 6. GaN-switch-based bidirectional OBC system topologies [107]. 
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Figure 7. (a,b) Modular 600 kW DC ultra-fast charger [111]. 
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Figure 8. Si- and SiC-based high-power off-board charging system efficiency map. 
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Figure 9. Results of the life cycle assessment (LCA) for climate change [8]. 
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Figure 10. Results of single-score LCA [8]. 
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Figure 11. Vehicle-to-everything (V2E) protocol illustration. 
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Figure 12. Implementation of a Li-Fi downlink channel on a technological level. 
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Table 1. Different charging level systems [102].
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	System Level
	Charging Duration
	Output Nature
	Location





	Next-generation-based ultra-fast charging system (NXG-UFCS)
	It takes approximately 8 min to charge EV for 320 km
	Three-phase Vac: 210–600 AC circuit dually converted to DC circuit to EVs. Output normally ranges around 800 V and 400 kW.
	Off-board

3 phase



	DC fast chargers (DC-FCs)
	It takes 30 min to 1 h to charge for 100–130 km of range per hour
	Three-phase Vac: 210–600 AC circuit dually converted to DC circuit but with an output range of 500 A and in between 50 and 350 KW.
	Off-board

3 phase



	Level 2 chargers (L2C)
	These are domestic chargers and are available at home to charge for 16 to 32 km/h in 4–8 h
	Vac: 240 (as per US Standard, whereas 400 as per EU standards). The output ranges from 15–80 A and power in between 3.1 and 19.2 kW.
	On-board

single/3 phase



	Level 1 chargers (L1C)
	This system takes approximate 7–10 h to charge for 3–8 km and depends strongly on the type of EV model
	Vac: 240 (as per US Standard, whereas 400 as per EU standards). The output ranges from 12–16 A and power in between 1.44 and 1.92 kW.
	On-board

single phase
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Table 2. Challenges and future directions of modern intelligent vehicle technologies.
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	Key Findings
	Challenges and Future Directions
	Year





	The significance of deep learning in autonomous driving was covered in this paper. Here, a number of issues with autonomous driving systems are examined and solutions using artificial intelligence and deep learning are presented.
	The discussion of deep learning’s function and its integration with other autonomous driving assistance systems can be expanded in this study. It includes elements of modern infrastructure, such as blockchain, cloud, and IoT technology [174].
	2020



	In this study, the current state of automated driving was investigated and classified, and a taxonomy for self-driving cars was developed. In addition, a hybrid architecture concept combining human and computer intelligence was developed in this work. The layout of the car itself served as a summary of autonomous driving. This effort created a taxonomy of autonomous driving technologies, similar to the self-driving car technology. We placed a higher importance on machine–human interaction and information integrity than simple driver substitution.
	It is possible to add discourse and safety requirements to this effort. The proposed hybrid architecture includes a system for safety monitoring that may be expanded with other cutting-edge tools such as drones and cloud computing setups. Blockchain technology can also be used to address data security and privacy. Further performance issues can be investigated using cutting-edge networks such as 5G networks [175].
	2021



	In this piece, the usage of drones in autonomous systems is mostly covered. In addition, the anti-collision techniques for traffic monitoring and drone movement are covered. By adjusting the number of drones and on-road vehicles, the results are analyzed.
	This work has application to the deployment and monitoring of autonomous systems in real-time. However, the relationship between drones and driverless vehicles needs to be thoroughly investigated [176].
	2020



	This study examined the system configurations, elements, functions, and practical situations for drones, smart UAVs, and autonomous vehicles. The key issues for research and security for AI-based threats are addressed.
	This article provides a brief survey of the key technological elements and how they relate to autonomous vehicles, driving, and systems. It is possible to expand on this work by having in-depth discussions about technological issues [177].
	2020



	This paper presents blockchain-based architecture that supports the networks and autonomous vehicles’ safety and security.
	For greater credibility, the work can be expanded to incorporate smart contracts for various systems and subsystems [178].
	2020
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