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Abstract

:

In recent years, the smart car sector has been increasing enormously in the Internet of Things (IoT) market. Furthermore, the number of smart cars seems set to increase over the next few years. This goal will be achieved because the application of recent IoT technologies to the automotive sector opens up innovative opportunities for the mobility of the future, in which connected cars will be more and more prominent in smart cities. This paper aims to provide an overview of the current status and future perspectives of smart cars, taking into account technological, transport, and social features. An analysis concerning the approaches to making smart a generic car, the possible evolutions that could occur in the coming decades, the characteristics of 5G, ADAS (advanced driver assistance systems), and the power sources is carried out in this paper.
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1. Introduction


The smart car can be recognized as a mix between the self-driving car and the connected car [1,2]. It cannot only drive autonomously but, thanks to the Internet connection, can share the access to the network with passengers and allow the usage of its data to devices that are located inside or remotely [3]. In a short time, it will be possible to misremember “the old metal box on four wheels” because the cars that will be driven shortly will be smarter and will allow performing actions unimaginable until recently [4]. The car will no longer be a mere means of transport because, thanks to new technologies, it will be able not only to simplify the driver’s life but also to increase safety on the road [5,6,7].



First of all, the smart car is a self-driving car whose automation level [8,9], as shown in Figure 1, is high (level 4) or complete (level 5). In the first case, it is a substantially full autonomous driving, in which the vehicle can perform all the essential functions of safety and regularly monitor road conditions for the entire trip, but not in extreme weather conditions. In the second case, instead, only the indication of the destination and the start of the system is required, without any other intervention by the driver, in all possible cases. Besides, the smart car is a connected car part of the Internet of Things (IoT) that now pervades any area of everyday life [10,11]. In fact, in addition to allowing motorists to access, generally through the smartphone, to information concerning the state of the car, its location, and technical data, smart cars are also able to warn emergency services in the event of an accident, to contact the workshop if something in the engine does not go as it should, to inform the tire dealer if it is punctured.



However, a significant difficulty to be faced in the development of driverless vehicles concerns the skills of the passenger [12]. In fact, should he/she be only transported or could he/she decide from time to time? As every commuter knows, everyday driving is often dull, and being a mere passenger can be even more so. Furthermore, there are still many problems to be solved, so that the massive diffusion of the autonomous vehicles (AV) is realized: here are five issues that must be resolved before autonomously driven cars can take diffusion furrow the roads [13]:




	
Higher performance and redundant software;



	
More advanced and capillary maps;



	
More efficient and precise sensors;



	
Better vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I) communications [14].








Fortunately, several nations of the world are now focusing on smart car technologies. Among these, the United States certainly plays a predominant role. On the contrary, in Europe, the United Kingdom and the Netherlands are also stimulating research in this area. The real breakthrough will, however, have to be carried out by car manufacturers. Most of them plan to test the market with autonomous vehicles of level 3 or possibly level 4 around 2021. Such AV will still have steering wheels and pedals and can be driven autonomously only on pre-established roads [15,16,17]. Most of these vehicles are likely to be purchased from onboard transit services (Uber and others). Consumers who want the flexibility and freedom of complete level 5 vehicles will have to wait longer. The major car manufacturers (Tesla, General Motors, Ford, Fiat-Chrysler, and Waymo, to name a few of the main ones) like to talk about autonomous vehicles as if they will be on sale in their showrooms in three or four years.



This paper aims to provide an overview of smart cars by presenting the current state of technology and future perspectives. Specifically, Section 2 examines the current status of smart cars and how it is possible to make a car potentially smart. Section 3 presents the strict relationship between smart cars and future 5G connections. Section 4 introduces the future perspectives of smart cars by analyzing ADAS (advanced driver assistance systems) in detail and also the possible evolutions of the engines. Finally, Section 5 concludes the paper.




2. Current Status


The smart car can drive autonomously and holds an Internet connection, thanks to which can share the network access with passengers. Moreover, it is possible to access specific parameters through devices located inside the car and remotely [18]. Once connected, the smart car can communicate with satellite navigation systems to share traffic data, and at the same time, receive the proper information to suggest deviations from the route as a way to avoid the queues. Thanks to the services available on smartphones, the smart car can also turn on the air conditioning a few minutes before the driver arrives to refresh or heat the passenger compartment or turn on the lights remotely to be identified in a crowded parking lot, or be located in the event of theft [19]. Some operating systems for connected cars also have concierge systems. For instance, while on the street, it is possible to book a hotel, a parking space, or a restaurant near the destination. Furthermore, it is conceivable to program the overhaul or mechanical interventions for cases of breakdowns, in which the car itself is to report both to the owner and the partner workshops [20].



A real smart car that is fully autonomous and connected will arrive on roads shortly. At present, there are several solutions to make a car smart enough. Starting from the latest arrival, Echo Auto is the artificial intelligence of Alexa (Amazon’s assistant) transformed to adapt to the needs of motorists [21]. As big as a standard portable charger, this device connects to the car via Bluetooth or with an audio cable and works by installing the interface through an app on the smartphone and connecting it to the car speaker. Like Alexa at home, Echo Auto recognizes the motorist’s voice by filtering out background noises and can be used both as a voice command service and as a navigation system thanks to the integration with Apple Maps, Google Maps, and Waze.



Less connected but just as smart are various hardware devices that carry head-up display (HUD) technology in the car [22], the same used for years on military aircraft to show onto the windshield information about navigation. Several devices combinable with smartphones can be purchased online. They act in practice like mirrors, showing on a vertical surface to be positioned on the dashboard. In this case, software solutions are needed, which are now effortlessly found both on the App Store for iOS and on the Google Play Store for Android, which by using the sensors of the phone and the GPS can project data such as maps, speed, and car acceleration; weather forecasts; and any other functions that may be useful during a trip by car, including infotainment. A slightly more complex solution is represented by apps that connect to an adapter inserted in the car’s on-board diagnostics (ODB) port. Once the adapter is configured, the app allows viewing data such as distance traveled, speed, fuel level, average consumption, and engine status. The app then works as a diagnostic system.




3. 5G and Connected Cars


As the automotive industry continues to accelerate the development of connected cars, other Internet of Vehicles (IoV) solutions are emerging through advances in networking, 5G, and IoT. Traditional car manufacturers need to take on additional roles beyond merely making cars and becoming service providers for cars. A possible representation of the IoV architecture is shown in Figure 2. With IoV and more excellent connectivity, the development of innovative industry applications now offers management features for data, interconnections, operations, and security, opening a variety of APIs (Application Platform Interface) for third-party solutions. As shown in Figure 2, there must be an intrinsic synergy between the sensors, the computation, and the applications used by users. The sensors will involve not only vehicle monitoring but also the gathering of information from the surrounding environment. The computation will also be related to the transmission of information using short or long-distance communications, also taking advantage of the processing in the cloud, in the edge and artificial intelligence techniques. 5G will undoubtedly play a fundamental role in this infrastructure.



Some specifications of the 5G standard are still being defined, but it is already known that telecommunications will change as never before [23]. The 5G, with a theoretical bandwidth from 100 Mbps to 10 Gbps, reduced energy consumption, enormously decreased latency time, and unprecedented reliability, will be the network that will connect the world of tomorrow [24]. It is essential for smart cars. The ultrafast band is capable of using the Internet at very high speeds and bringing a series of previously unthinkable services. This new connectivity will introduce the Vehicle-to-Everything (V2X) [25,26,27] communication to facilitate the exchange of data between cars in milliseconds and within 500 m [28]. The services available are varied. It can be possible to share information on traffic conditions. In case of danger, a signal can be sent to the other cars, reporting an accident, with its precise coordinates, or a traffic light can indicate its status to the car, and road signs can still report the speed limit [29]. For instance, the Forward Collision Warning (FCW) [30] detects the danger of a potential frontal collision and alerts the driver. In this specific case, the Intersection Movement Assist (IMA) [31,32] assists the driver near the intersections, preventing a potential side collision with an arriving vehicle.



The 5G network can help protect vulnerable road users; i.e., pedestrians (their presence on a crossing) and cyclists (the presence of a connected bicycle on the road). For instance, in the case of a pedestrian preparing to cross the road, a device on the roadside, connected to the mobile network and equipped with a camera capable of detecting the action, sends an alert message to the connected vehicles in the proximity. This situation represents infrastructure-to-vehicle (I2V) communication [9]. In the scenario represented by a connected bicycle and vehicle, moving towards each other, in case of detection of the risk of collision, both receive an alert message on the presence of the other vehicle. The 5G specifications can also facilitate the exchange of streaming video between vehicles in real-time, widening the driver’s field of vision in contexts of limited visibility and preventing accidents, especially during the overtaking phase [33]. A possible configuration of a 5G-enabled architecture for V2V communications is shown in Figure 3. In this case, 5G would deal with communication on a larger scale while the vehicles between them could use a protocol belonging to the IEEE 802.11 family.



Concerning the fast and reliable exchange of information between vehicles in an emergency case, the ultra-fast network facilitates two operations:




	
Stationary vehicle warning (SVW) [34]: when the emergency lights are activated, the application transmits a message to all the vehicles in the proximity, to inform the arriving ones, even if the emergency circumstance is not still visible;



	
Emergency electronic brake light (EEBL) warning [35]: in the event of sudden braking, the application transmits a message to the rear vehicles, to communicate the potentially dangerous situation to the arriving ones.








Smart cars, commercial 5G smartphones, and 5G networks will guarantee better comfort, safety, and efficiency [36]. This fashionable collaboration brought together the power of eye-monitoring glasses, smart tires, augmented reality onboard the vehicle, and 5G smartphones in a live synergy on the 5G network. All of this can now make instant the collaborations between vehicles, the Internet of Things ecosystem, and the most advanced driver assistance services possible. Table 1 resumes some potential applications for 5G-enabled vehicles, while possible purposes and downsides are depicted in Table 2. Moreover, most relevant details concerning key building blocks of 5G and their associated challenges in the context of vehicular communications are summarized in Table 3.




4. Future Smart Cars


Future cars are coming, albeit less quickly than technologies would allow. In recent years, however, automotive companies have quickly recovered lost time, and now the revolution seems to be genuinely befalling. Connected cars, self-driving cars, electric cars, remote diagnostic systems, remote control, artificial intelligence, smart grid, vehicle to grid, infotainment systems, carpooling, car-sharing, car as a service (CaaS), V2V communications, and integration with the smart home are now terminology and technologies widely transferred from science to reality and everyday life. Beyond these names, it is interesting to hypothesize how the car will be in 5, 10, or 20 years.



According to a report presented by Goldman Sachs [37], the outcomes promised by the car revolution will be noticed shortly, starting from 2025. The key to the development will be technology, but the features that drive the change will be four. Specifically, the car of the future will be green, because both consumers and governments are putting pressure on the car industry to reduce CO2 emissions, which currently represent 20% of total gas for transport greenhouse. Another fundamental argument will be convenience because, with the increase in the urban population (+50% from 2010 to 2025), traffic grows dramatically, and while cars are unused 95% of the time, the costs of ownership also increase [38]. This situation will offer several business opportunities also in terms of sharing economy. The car of 2025 will see a development in safety, which is also necessary due to the aging of the population (and therefore also motorists), and will undoubtedly also have to be affordable [39]. The car market, according to the report [37], will be almost stable in developed nations but will notice a dizzying expansion in emerging countries, where, in 2025, 70% of the new cars produced globally will be sold. In short, according to Goldman Sachs, in six years, the car will be smarter and more functional, with high-efficiency engines and lighter materials [40]. All this can be achieved not only thanks to 5G, which will allow the car to communicate in real-time with the surrounding environment, but also to increasingly advanced and reliable autonomous driving systems. The car industry will also evolve, driven by competition from new tech companies. In the same way, the motorist is destined to change because he will look differently at the car, no longer as a status symbol, but as an instrument to be shared and also used as a workplace and for entertainment.



By 2030, then, the revolution will go even further. According to the researchers of the IONIQ Lab Hyundai [41], in the next ten years, the car industry will be reshaped by 12 megatrends that are already starting to emerge: from the hyper-connected society, with the evolution of the IoT also applied to cars, to the aging of the population, which will require to study cars adapted to the needs of the over 65s. Another megatrend will concern ecology, with the production of cars driven only by eco-friendly electric and hybrid engines [42], and, therefore, what is called “multilayer composition”; that is, the combination of different industrial sectors that will collaborate with the automotive sector to intensify, thanks to new technologies (such as augmented reality and virtual reality), the driving experience [43]. There will be a possibility to provide personalized information to users based on biological and emotional signals. Motorists will have an experience of hyper-individual mobility with personalized in-car services adapted to their emotional state in real-time. In order to attract and impress customers, the automotive industry will also have to be increasingly innovative and creative in proposing car models that are fusions of art and technology, unattainable for standardized creative algorithms of artificial intelligence [44]. The continuous technological evolution could increase anxiety and chaos in society, and the car will no longer become only be a vehicle of going from one place to another, but also a place of escape. The interiors will, therefore, be user-friendly. Nevertheless, at the same time, the expansion of the sharing economy will lead to the implementation of on-demand mobility services and platforms capable of maximizing the user experience. With the growth of self-driving cars, it will be increasingly urgent to establish ethical rules for mobility systems to ensure safety, control, and efficiency. However, traffic problems will grow exponentially due to the expansion of cities, with 70% of the world population living in urban areas. The car and mobility will also have to be rethought [45].



Ten years later, in 2040, cars will undergo a new transformation. By that date, it is expected that the combustion engines will disappear for the exclusive use of electricity. According to Mike Ramsey [46], director of Gartner’s research group specializing in smart mobility and the automotive industry, during an interview with CNBC, private cars will once again become a luxurious status symbol. With the expansion of the sharing economy and the increase in management costs, commuters will tend to use shared mobility services, or in the worst-case scenario, to buy second-hand cars, and the car will become, in the majority part of the cases, a service (CaaS) and no longer an asset. The more advanced cars will instead have swivel seats to create working spaces inside them, more advanced HUD screens than those available today, biometric systems rather than keys and locks, commands activated by gestures and voice control, and a multimedia center that will become the core of the car’s infotainment system (and which will also be connected to sensors and devices of the smart home), whereby driving will become the responsibility of the on-board computer ultimately. According to Ramsey, it will be possible to get on board and communicate to the car where to go, and the car will subsequently communicate with the roads, other cars, and infrastructure not only to calculate the best route for the passenger but also for any other commuters to “gather” on the way. Once the passengers are delivered to their destination, the car will automatically retire to the nearest charging station, waiting to be called back to bring the passengers home (or in the post-work entertainment facilities). Alternatively, if enabled, the car will continue its journey to support the autonomous fleets of transport or delivery services.



4.1. Advanced Driver Assistance Systems


In recent years, the attention of vehicle security developers has extended from passive safety systems (such as airbags, seat belts, and impact resistance, to name a few), which are already consolidated, to advanced active safety practices, mainly designed to prevent dangerous situations and accidents. Advanced driver assistance systems (ADAS) are electronic driver assistance systems developed to improve car safety [47,48]. ADAS is an abbreviation that indicates and groups a series of devices that can assist and facilitate driving the car even in emergencies. ADAS include various devices, such as the rain sensors to activate the windscreen wipers automatically, the twilight sensor for the automatic switching on of the lights, the adaptive cruise control to adjust the speed based on traffic, the automatic emergency braking, parking sensors, lane change warning systems, and automatic signal recognition systems. Many of these components are installed on newly homologated cars and are described more detail in the following subsections.



It is useful to note that the Euro NCAP [49] protocol has included several ADAS systems, including autonomous emergency braking, assisted speed control systems, lane maintenance, and signage detection systems, but these are only the first steps towards autonomous driving of the future. CSI [50], center of excellence in the automotive sector concerning test and acceptance, also participates in the drafting of the new protocols. CSI, as an accredited Euro NCAP laboratory (there are only seven in Europe), works in synergy with all the members in the system to identify what the future security requirements will be. Since 1997, much has been done regarding the improvement of the safety of occupants and vulnerable road users through the requirements of both the law and voluntary protocols, such as Euro NCAP, which, according to the ETSC PIN Report [51], have helped save since those years over 78,000 lives. The security intention is also linked to a political direction. The European Commission is communicating several directives, including the “Europe on the move” plan [52], to improve road safety through technological innovation and automation. The ultimate goal is to halve road accidents in Europe in the coming years, from 31,000 in 2010 to around 15,000.



4.1.1. Park Assist


The park assist is equipped with ultrasonic sensors used to identify a space suitable for parking the car, parallel or perpendicular to the direction of travel, comb, or herringbone [53]. Generally, the system is activated by pressing with a suitable button on the dashboard allowing the device to start scanning the surrounding space in search of a parking space. The driver can communicate to the control unit from which side it is preferred to park by inserting the appropriate signal light. Once it is located a place suitable for the size of the car, i.e., about 80 cm wider or longer, the control unit displays a message on display. The starting position of the maneuver is shown to the driver that engages the reverse gear once the proper place is reached. At this point, the system takes over the steering and indicates to the driver, via the onboard systems, the display, and voice synthesizer, how to manage the accelerator or the brake for reverse in order to park correctly.



The most advanced models autonomously also manage the accelerator, brake, and transmission, if automatic. The driver must pay attention to the maneuver because some obstacles may not be recognized by the automatic system, such as posts, concrete blocks, pedestrians, and, therefore, it may be necessary to intervene personally on the brake to stop the vehicle. Besides, the number of maneuvers and the time required for parking depend on the available space: the narrower space, the more time and maneuvers will be needed.




4.1.2. Adaptive Cruise Control


Adaptive cruise control (ACC) is a handy electronic device, especially on a highway, which helps to maintain constant speed but respecting a minimum preset distance compared to the vehicle in front [54,55,56]. It is adaptive because it automatically adapts the car’s speed to that of the other car traveling in front. If the car in front travels, for instance, at 90 km/h, and the ACC has been set at 130 km/h, through a system of radar sensors, and possibly a camera, it cuts off the engine power until the car slows down to a speed of 90 km/h with a safety distance from the front one that remains fixed. When the car in front accelerates, passing (for instance) from 90 km/h to 180 km/h, the vehicle will accelerate again up to the set speed of 130 km/h. When the vehicle is equipped with an automatic transmission, the system can even brake it until it stops completely.




4.1.3. Autonomous Emergency Braking


Since 2020, the European Parliament has decided that automatic emergency braking will be mandatory on newly registered cars [57]. This measure is a substantial novelty for the improvement of road safety, i.e., the mandatory introduction of a critical ADAS system, such as that of emergency braking, in all new cars that will be sold in Europe. This system is the so-called autonomous emergency braking (AEB) [58], which must work up to 60 km/h and be installed on light commercial vehicles. Automatic braking is now included in small cars as well. It is a beneficial technology, both in the city and on suburban roads and highways to avoid accidents due to distractions and little attention being paid to driving.



Emergency braking works thanks to the camera and radar sensors positioned on the front of the vehicle. In addition to vehicles, it also intercepts obstacles, pedestrians, cyclists, and even animals [59]. Once the potential danger has been identified, it emits an audible and visual signal inside the passenger compartment to alert the motorist and then works on the car’s brakes. According to the European Parliament’s legislation, the AEB will have to operate at least up to 60 km/h, also be mounted on vans, and will have to meet some technical requirements, which will prove its effectiveness even in extreme situations. Considering the United Nations Economic Commission for Europe’s forecasts, AEB should significantly decrease the percentage of victims of road accidents, which, according to 2016, it did by 38%. Emergency braking is already mandatory in Japan, which was the first region in the world to equip cars with this technology. Two other states, such as China and the United States, actually have decided to wait, while in India the obligation will start from 2022.




4.1.4. Lane Assist


The generic definition of lane assist identifies a family of increasingly popular safety devices that fall into the ADAS [60]. Through a camera generally positioned behind the windshield, near the internal rearview mirror, the lane assist detects the continuous and dotted lines on the asphalt and identifies the lane traveled by car. When the latter tends to diverge from the ideal trajectory, giving the idea to the sensors that an exit is not signaled from the lane, the system intervenes promptly. In the case of the lane departure warning [61], the electronic control unit activates an acoustic signal or a vibration of the seat or steering wheel to bring the driver’s attention back to what is happening. In the case of lane keep assist [62], the device also comes into play to bring the car back to the center of its lane. This goal is reached thanks to precise data input to the steering and the braking system, with an action that can be selective on the disc of each wheel. Both the lane departure warning and the lane keep assist can be deactivated. Neither of the two devices can operate in the absence of horizontal signs or below a specified minimum speed.



Lane assist limits the risk of unintentional exit from the lane, which is often among the causes of road accidents. The electronics are, therefore, able to remedy the driver’s distractions, but they must not, however, place undue reliance on technology support. The sudden failure of the signs could make the device inactive, and the attention should be constant. It is no coincidence that even the most advanced systems that intervene to keep the car in lane emit an alarm and are deactivated if they do not detect the presence of at least one hand on the steering wheel and the active participation of the driver in driving.




4.1.5. Traffic Sign Recognition


Traffic sign recognition can detect, for instance, speed limits, but also prohibitions on access and overtaking. A video camera, located on the inside of the windscreen (in correspondence with the internal rearview mirror), registers the speed limits indicated on the road edges, but also those on the trestle portals or near construction sites. The data captured by the camera are compared with the information of the navigation system and displayed both on the instrument panel display and the infotainment screen [63]. Access and overtaking bans (including signs indicating termination) and other warnings are also noted. The camera, used for traffic sign recognition, allows manufacturers to integrate a wide range of driver assistance systems, improving safety on board.



Thanks to the traffic sign recognition, the driver is always well informed, in case a signal is missed, which can quickly happen with the frequent road sign variations. The system can also warn the driver with an audible and visual alarm if the indications of the signals are not respected. If the signs are covered or dirty, it may happen that, in certain circumstances, the system recognizes them only in a limited way. If the car proceeds with the cruise control active and the set speed is higher than the new limit, the system will automatically adapt the car speed to respect the signal.




4.1.6. Future ADAS


The first fundamental evolution of the ADAS, already taken into consideration by CSI tests, is the car’s ability to recognize the three-dimensionality of the other vehicles on the road, favoring mutual recognition in the case of any relative trajectories (crossroads, overtaking, to mention some) and not only vehicles that run on parallel paths (classic column braking scenario). Concerning autonomous driving, the development of the related systems will allow the car to perform maneuvers progressively over the next few years until total autonomy, while requiring the presence of the driver ready to intervene in cases of need.



To date, almost all vehicles on the roads with ADAS systems, except in specific cases, settle on the levels between 0 and 2 of automation (level 2 is defined as “partial automation”—Figure 1), in which the systems merely support the driver without replacing it, but the direction is to create evermore significant and more integrated ADAS functions. Besides, systems capable of establishing an ever-increasing V2X dialogue are being studied. In the coming months, vehicles that perform high automation tasks may already circulate, with a driver who is present in the car but can take care of other activities (level 4). Finally, in the future, fully autonomous vehicles will circulate for which the autonomous driving will be able to replace the driver in all the commands necessary to drive the vehicle (level 5).



As part of its idea to make road transport smarter and more comfortable, the European Automobile Manufacturers’ Association (ACEA) [64] has drawn up a checklist of laws and regulations that need to be established in place to make automated driving a reality in the European Union [65]. To this end, ACEA published its roadmap that contains a checklist for policymakers, which details the legislative framework that must be put in place at the national, European Union, and international levels, as well as a timeline outlining the steps towards deployment that must be initiated over the upcoming decades. In addition to establishing the right legal framework, policymakers need to update Europe’s physical and digital road infrastructure to make it proper for automated driving. Large-scale and cross-border testing of automated systems on open roads across the European Union are always in demand. It is well known that automated driving will cause extensive renovations, so it is imperative to guarantee that society is ready for it. It is necessary to raise awareness among citizens and their elected representatives of what this means. As an enrichment to this purpose, the ACEA publication [65] describes precisely and visually the terminology, advantages, and implications of automated driving, as well as the research and development focus areas of this new ecosystem.



It is agreeable to conceive if the introduction of new ADAS will increase the cost of cars. To this end, the European Union is making available a ceiling of 450 million euros to be paid to the Member States to collaborate in the application of the regulation, thus avoiding the increase in list prices [66].





4.2. Power Supply and Charging of Future Cars


The abandonment of fossil fuels and the transition to electricity raise problems that could not be easy to solve. The distribution network must be able to withstand such a massive energy demand if electric cars replace the entire fleet of cars.Besides, in the province and small towns, it will be more likely that homes have a garage for the car (and therefore access to an electrical outlet), while in large cities it may be more difficult to recharge the car batteries. A massive public intervention will be essential to enhance both energy production (obviously from renewable sources; otherwise, the benefit of the “green” engine is lost by merely moving the emissions from the place of use to the place of energy production) and the recharge capacity.



Once the network is sufficiently extended, one of the solutions designed to avoid network overloads could be the vehicle-to-grid (V2G) [67]. This system provides the possibility for the electric operator who manages the columns to control the batteries of the cars being recharged so that they can be used both as “temporary accumulators” to store an excess of production and as “auxiliary batteries” to absorb energy to be fed into the grid if required. However, the system suffers from some criticisms. Above all, continuous charge-discharge cycles could wear massively on car batteries that are part of the network. The solution to this problem could be an algorithm developed by a researcher from the University of Warwick [68] that not only promises to safeguard the batteries but even to extend their useful life. Anyhow, several solutions in the literature have been proposed to try to address this problem [69,70]. Even if this problem can be solved, however, many more will still persist. For instance, the one from the autonomy of electric cars. The high-end ones exceed approximately 630 km, but the most affordable ones do not reach 400. Another problem is that of charging times. Fortunately, in this case, the most recent electric car models allow for recharging enough energy in half an hour to travel another 200–250 km.




4.3. The Future of Diesel


While car manufacturers, partly driven by the growing concern for climate change, and partly (more realistically) by increasingly stern emissions stakes, now appear to be looking exclusively at electric engines for future cars. Diesel engines (perhaps hybridized), and not petrol ones, could lead in the challenge of moving toward electric ones. Among the leaders of this idea, it is possible to note Bosch, according to which diesel engines pollute even less than petrol engines [71].



In the meantime, at least in Europe, several governments (including the French and the British ones) have already established that cars with combustion engines can no longer be sold after 2040, while other countries (including Italy and Spain) are considering stopping and others have even anticipated the ban: in Norway in 2025 and Holland in 2030 [72]. However, Mercedes-Benz experts have pointed out that diesel is the most efficient combustion engine, so that it will remain active for a long time—well beyond 2025. The German Bosch and Mercedes, therefore, highlight that diesel is not intended to disappear. Moreover, the Germans Audi and Volkswagen, despite the commitment to the electricity, are continuing to invest hundreds of millions on the development of more efficient diesel engines with lower emissions. Anyhow, there are ongoing experiments in Germany and Italy with the electrification of highway stretches to allow trucks equipped with pantographs to proceed with electricity like trains. Despite the development and the growing diffusion of liquefied natural engines gas (LNG), almost all massive transport fleets are equipped with diesel engines. Furthermore, so far, no one has questioned the fact that trucks, vans, and buses will continue to use these engines.





5. Conclusions


Considering the evolution of the engines, which will be influenced not only by technical choices but also by federal guidelines and by features such as incentives and disincentives, the other fundamental characteristics of future cars seem outlined. Based on some future prospects, it is likely that the car will lose, at least in part, its status symbol function and will be transformed from a means of transport into an extension of the living space. Future smart cars will be necessary for mobility needs, but they can also be used, as needed, as offices, as relaxation areas, as socializing spaces, and as sorts of “protective bubble” to escape from the chaos of the surrounding environment [73]. According to experts, self-driving cars will overwhelmingly become part of daily life, probably already in the next decade. Undoubtedly, in the next twenty years, they could contribute to decreasing traffic, or at least make it smoother and more manageable thanks to the continuous interaction between the car and the smart city, the streets, the signs, and the surrounding environment. Furthermore, considering that driving will be controlled by artificial intelligence, emissions (in the case of combustion engines) and energy consumption (in the case of electric engines) will also be more contained and optimized. In parallel, an increase in productivity can be obtained using the travel time to work or to relax. At the same time, there will be a reduction in stress due to driving, and an increase in safety, both for car occupants and for pedestrians and cyclists. Consequently, the transformation of the car from an asset to an on-demand service could also allow achieving economic savings.



However, the future smart car may not only bring advantages. For instance, more frequent failures and anomalies will have to be addressed. Generally, the more complex a system becomes, the more it is inclined to breakdowns and unexpected problems. Unmistakably, the intervention of highly specialized technical personnel will be required to solve these problems. Furthermore, as already mentioned, considering that the current trend is focused on a massive shift of research and investments towards the electric car, when there will be millions and millions of electric vehicles, on the one hand, the pollution in cities will be reduced. However, it will be necessary to deal with the increase in energy demand. As a result, massive investments in renewables will be needed, and there will be an increase in the demand for materials, fundamental for the production of batteries. At the end of their lives, the latter must be disposed of to avoid becoming a dangerous source of pollution [74].



Sometimes, however, criticism concerning future cars trespasses on technophobia or downright on “technological Luddism”. For instance, several experts fear that the unstoppable technological evolution will lead to an intensification of the polarization of wealth. Specifically, the whole population will not have the opportunity to afford a technologically advanced car with all the necessary safety equipment, and perhaps, this could even lead to a new class struggle. Many individuals may not be able to adapt to technology’s progress and will remain in a sort of limbo of social exclusion. Others currently complain about privacy problems because, using hyperconnected cars, no one will really be “invisible” but will always be identifiable within the vast global network. Other criticisms are raised by those who recognize in the advancement of artificial intelligence, necessary for autonomous driving, a threat to their economic solidity, and their workplaces; all those who have made a profession of driving fear that self-driving fleets will replace them. Another problem that must be addressed carefully is cyber-attacks. If the self-driving cars are hacked and controlled by attackers, chains of catastrophic road accidents could be created, or the cars could be transformed into remote-controlled “bullets” and thrown against the crowd or strategic objectives.



Finally, there are also doubts from the philosophical and moral points of view on future smart cars; see the so-called “moral machine experiment” [75,76]. The study focuses on the behavior of the vehicle when it is impossible to avoid an accident and the vehicle must choose whether to crash, for instance, against a concrete wall—killing the passenger, or to overwhelm a passerby; whether to run over and kill a child or an older adult; or between a tramp and a man in a suit and tie; or between a pregnant woman and a man. The results of the research show that people would prefer to run over, in order, a cat, a criminal, a dog, an older man, an older woman, a tramp, a fat man, and a fat woman, while avoiding at all costs to run over a stroller, a girl, a boy, a pregnant woman, a male doctor, and a female doctor. The authors of [76] recognize that ethical inclinations may differ over education, but their fundamental point is that the contemporary moral machine experiment paradigm is nearly uncaring regarding inclinations for equality, notwithstanding participant culture. Moreover, the authors acknowledge that people frequently do prejudge based on personal traits, as sexism, classism, racism, and ageism all illustrate. Nonetheless, also, people who inevitably behave to preserve inequality often explicitly espouse ideas of equality. Consequently, it is necessary to evaluate whether it is right to transmit the same “instructions” to artificial intelligence that may have to decide in a real situation. Notwithstanding, this question has not yet been answered, but the latter will be fundamental, both from legal responsibility and from the insurance position, when the self-driving cars will be present on a large scale in the streets. It is clear that self-driving car accidents are an inevitability, but the variety of accidents that ethically hurt the public and hinder the industry are not. Consequently, it appears crucial to predict how society will respond to the ethical choices programmed into these smart vehicles. Considering that any arrangement employed in assembling these decisions will have its inclinations and weaknesses, the methodological heterogeneity and the widespread involvement of psychologists will be crucial to approaching that goal.
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Figure 1. Vehicle automation levels. 
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Figure 2. Basic components of Internet of Vehicles architecture. 
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Figure 3. Possible architectural configuration of a 5G-enabled vehicle-to-vehicle (V2V) communication. 
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Table 1. Fascinating potential applications for 5G-connected vehicles.
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	V2V Safety
	Agency Data/Environment
	Smart Roadside/Mobility





	Emergency Electronic

Brake Lights (EEBL)
	Probe-based Pavement

Maintenance
	Wireless Inspection



	Stationary Vehicle

Warning (SVW)
	Probe-enabled Traffic

Monitoring
	Smart Truck Parking



	Intersection Movement

Assist (IMA)
	Vehicle Classification-based

Traffic Studies
	Intelligent Traffic Signal

System (I-SIG)



	Left Turn Assist

(LTA)
	CV-enabled Turning Movement

& Intersection Analysis
	Signal Priority

(transit, freight)



	Blind Spot/Lane

Change Warning
	CV-enabled Origin-Destination

Studies
	Cooperative Adaptive

Cruise Control (CACC)



	Curve Speed

Warning
	Work Zone Traveler

Information
	Guidance for

Emergency



	Do Not Pass

Warning (DNPW)
	Dynamic Eco-Routing

(light, vehicle, transit, freight)
	Emergency Communications

and Evacuation (EVAC)



	Vehicle Turning

Right in Front of
	Low Emissions Zone

Management
	Connection Protection

(T-CONNECT)



	Bus Warning

(transit)
	Eco-ICM Decision

Support System
	Freight-Specific

Dynamic Travel



	Queue Warning

(Q-WARN)
	Eco-Smart

Parking
	Emergency Vehicle

Preemption (PREEMPT)
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Table 2. Some purposes and downsides of future 5G-enabled vehicular communications.
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	Feature
	Advantages
	Downsides





	Maintenance

of road surface

and signs
	- Improvement of ITS

systems performance
	- Economic costs



	Technological

infrastructure
	- Full operation of V2V,

V2I, and V2X communications
	- Complexity of large-scale

implementation

- Standardization



	Big Data

management
	- Economic returns for

possible private investors

- More information

thanks to analysis
	- Ensure data privacy



	Integration between

ITS systems

and technological

infrastructure
	- Improved performance

in system operation

- Development of possible

new future applications
	- Complexity of large-scale

implementation

- Standardization

- Economic costs
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Table 3. A summary of 5G building blocks applicable to vehicular communications.
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	5G Building Blocks
	Features
	Challenges





	Proximity service
	- Offloads the base station

- User can advertise, discover, and

communicate directly
	- Interferences at lower altitudes

- Interferences in same-band transmissions

- Spectrum allocation issues



	Mobile edge computing
	- Bring cloud computing at the edge

- Support multi-vendor environment
	- Availability of all access technology

- Cost effectiveness of hosting cloudlets

- Hosting demands (processing, security, etc.)



	Network slicing
	- A management architecture to logically

separate networks

- Provision for multiple control planes

for networks
	- A truly modular approach for slicing networks

- Centralized and sliced network identification

- QoS for slicing in vehicular networks

- Support data analytics methods
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