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Abstract

The chapter explains the effects of intelligent autonomous vehicles from future
perspectives. The chapter gives readers an overview of the future intelligent autono-
mous vehicles and promotes the development potential on intelligent. To be specific,
the chapter first gives the readers an overview of the development of autonomous
vehicles. Then, the chapter introduces the potential of intelligent autonomous
vehicles, key technologies that are needed for future intelligent autonomous vehicles,
and how intelligent autonomous vehicles affect the future. Finally, the chapter
discusses barriers in intelligent autonomous vehicles development. The chapter will
be contributed as a start point for people who want to keep working on intelligent
autonomous vehicles and help them understand the general condition of future
intelligent autonomous vehicles.
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1. Introduction

Autonomous driving is a field with a promising future [1, 2]. The human society is
extremely dependent on transportation. According to statistics, there are about more
than 1.4 billion vehicles in the world [3]. Tens of millions or even hundreds of millions of
drivers manipulate vehicles around the world every day, which is a very large consump-
tion of manpower [4]. Intelligent autonomous vehicles, including driverless vehicles,
have become a hot topic of concern for regulators and industry in recent years. Intelligent
autonomous driving has been defined as the direction of development in the next
10 years [5].

Based on the degree to which dynamic driving tasks that the intelligent automation
driving system can perform, the role assigned in the execution of dynamic driving
tasks, and with or without the design operating condition restrictions, the driving
automation is divided into levels 0-5 (Table 1).

Level 0 (No Automation): Drivers are in full control of the vehicle. The automa-
tion driving system cannot continuously control vehicle motion in dynamic driving
tasks, but has the ability to continuously detect and respond to partial target and
event in dynamic driving tasks. Typical vehicles currently on the road are classified as
Level 0.
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Level Vehicle motion control Targets and events detection
and response

Level 0 No Automation Driver Driver

Level 1 Driver assistance Driver and system Driver

Level 2 Partial Automation Driver and system Driver

Level 3 Conditional System Driver or system

Automation
Level 4 High Automation System System
Level 5 Fully Automation System System
Table 1.

The automotive driving division elements.

Level 1 (Driver assistance): The automation driving system continuously controls
vehicle motion in dynamic driving tasks within its designed operating conditions
and has the ability to appropriately detect and respond to partial targets and events
that related to vehicle motion control. In other words, Level 1 automated systems are
sometimes able to assist the driver in certain driving tasks.

Level 2 (Partial Automation): The driving automation system continuously
controls vehicle motion in dynamic driving tasks within the conditions for which
it is designed to operate and has the capability to detect and appropriately respond
to some of the targets and events that are related to vehicle motion control. In other
words, the automation system is capable of performing certain driving tasks, but the
driver needs to monitor the driving environment and complete the remainder. Also,
drivers need to take over driving when problems arising at any time. At this level, the
automation system asks the driver ready to correct errors in perception and judgment,
which has been able to be provided by most of car companies. Level 2 condition can
be split by speed and environment into different usage scenarios, such as low-speed
traffic jams on ring roads, fast travel on highways, and automatic parking with the
driver in the car [6]. Most of the new vehicles on the market are classified as Level
1 or Level 2. These new vehicles are equipped with assisted driving features such as
lane centering and speed control, which are useful for both parking and driving [7].
However, the car remains in the hands of the driver.

Level 3 (Conditional automation): The automation system is capable of both per-
forming certain driving tasks and monitoring the driving environment in certain situ-
ations, but the driver must be ready to regain driving control when they are requested
to do it by the automated system. At this level, drivers are still unable to sleep or take a
deep rest. Currently, the highest level that commercial vehicles can reach is at Level 3
at most [8]. Conditional automation requires that the vehicle be able to drive autono-
mously under ideal conditions, such as at a given speed and road type, but there are
many limitations when these conditions are exceeded. The meaningful deployments
seen so far are upgraded high-speed road condition.

Level 4 (High Automation): Automation systems are able to perform driving tasks
and monitor the driving environment in certain environments and under specific
conditions. Specifically, the driving automation system performs all dynamic driving
tasks continuously and takeovers dynamic driving tasks under the designed operat-
ing conditions. Under this stage, in the range of automatic driving can operate, all
tasks related to driving and the driver have nothing to do. The perception of external
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responsibility is all in the automatic driving system. Level 4 vehicles are almost fully
automated, but their automation systems can only be used in known use cases. They
cannot be applied in driving off-road or in extreme weather conditions. In these
unknown situations, the driver must steer the vehicle. Most of deployments of Level 4
are currently set in urban-based condition [9]. It is expected for fully automated valet
parking or can be done directly in conjunction with a taxi service.

Level 5 (Fully Automation): The automation system can perform all driving
tasks under all conditions. Specifically, the driving automation system continuously
performs all dynamic driving tasks and takeovers dynamic driving tasks under any
drivable condition. Level 5 vehicles are truly driverless cars. To reach Level 5, a vehicle
must be able to navigate autonomously through any road condition or hazardous
obstacle.

Level 1 and Level 2 cannot be considered autonomous driving; instead, they are
Advanced Driver Assistance Systems (ADAS) [10]. Level 3 and above can be called
autonomous driving. The majority of Level 3 vehicles is still test vehicles and is not
really commercially available [11]. The current autonomous driving is still not perfect.
Although the car is in automatic situation, the driver must be alert and ready to take
over the vehicle to deal with accidents. It can be phased, in the future, autonomous
driving will become a mature and reliable technology. It is not yet mature, but it will
have a bright future.

2. The development of autonomous vehicles
2.1 Development history

In August 1925, a radio-controlled car called “American Miracle” was unveiled by
Francis P. Houdina, a U.S. Army electrical engineer [12]. By radio control, the steer-
ing wheel, clutch, brakes, and other parts of the vehicle can be remotely controlled.
According to the New York Times, the radio-controlled vehicle can start its engine,
turn its gears, and honk its horn like a phantom hand at the wheel. It’s a long way from
“automation driving,” but it was the first documented self-driving vehicle in human
history.

In 1939, General Motors exhibited the world’s first self-driving concept vehicle—
Futurama—at the New York World’s Fair [13, 14]. Futurama is an electric car guided
by a radio-controlled electromagnetic field, which is generated by magnetized metal
spikes embedded in the road. It was until 1958, however, that General Motors brought
this concept vehicle to life [14]. General Motors embedded sensors called pickup coils
in the front of the car. The current flowing, which goes through the wires embedded
in the road, could then be manipulated and tells the vehicle to move the steering
wheel to the left or right [15].

During the next close to 20 years, the development of autonomous driving tech-
nology hit a bottleneck and developed more slowly, with no significant progress. It
was until the 1970s, especially after computers and IT technology began to develop at
arapid pace, that autonomous driving technology again ushered in a period of rapid
development. In 1977, Japan’s Tsukuba Mechanical Engineering Laboratory improved
the pulse signal control method previously used by General Motors. They used a
camera system that forwards data to a computer to process road images. This allows
the car to follow white road signs at 30 kilometers per hour on its own, though it still
needs the assistance of steel rails. A decade later, the Germans improved the camera
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and developed VaMoR. A vehicle equipped with the camera could drive safely at
90 km/h [16]. As technology has advanced, the environment detection and reaction
ability of self-driving cars also has been improved.

In 1984, the Defense Advanced Research Projects Agency (DARPA), in partner-
ship with the Army, launched the Autonomous Ground Vehicle (ALV) program [17].
The goal of this program is to give vehicles full autonomy and allow them to detect
terrain through cameras and calculate solutions such as navigation and driving routes
through computer systems. The second DARPA Challenge in 2005 was the first time
in history that five driverless cars successfully navigated a desert track with rough
road conditions using a recognition system.

Since 2009, Google has been secretly developing a driverless car project, which
is now known as Waymo [18]. In 2010, it was reported that Google was testing
self-driving cars at night on Highway for 1000 miles without human intervention
and that occasional human intervention had been required for a total of more than
140,000 miles [19]. In 2014, Google demonstrated a prototype of a driverless car
without a steering wheel, gas or brake pedal, resulting in 100% self-driving [20]. As
driverless program steadily advances, the potential and opportunities of “autonomous
driving” are being discovered by more and more people.

2.2 Industrial

In recent 10 years, self-driving cars have become a key area of concern for many
companies [21]. There are two evolutions of autonomous driving industry. The
first-time evolution is triggered from the expectation of autonomous-driving indus-
trialization. There are many landmark events, such as Waymo’s spin-off, General
Motors’ acquisition of Cruise, Ford’s investment in ArgoAlI [22]. The background of
this evolution is that artificial intelligence technology has improved tremendously,
and deep learning has started to be applied on a large scale in the field of perception
technology, such as image recognition [23]. Also, sensor technology has developed
greatly [24]. However, at that time, the long tail problem has become an important
constraint for the implementation of high-level autonomous driving. Specific chal-
lenges exist in the robustness of hardware, redundancy of the system, and perfection
of testing [25].

The second evolution comes from the commercialization of autonomous driving.
After 3-4 -year development of technology, the core technologies of autonomous
driving such as LIDAR, chips, perception, and decision algorithms have further
developed [26, 27]. Autonomous driving in specific scenarios (such as mines, ports,
and airports) has been able to be commercialized.

At present, the global autonomous vehicle industry is developing in a better trend.
However, few areas can achieve mass production [28]. Autonomous vehicle technol-
ogy is developing together with 5G communication technology and related technol-
ogy of new energy vehicles.

3. Why intelligent autonomous vehicles have a huge potential

Autonomous vehicles technology has the potential to transform commuting and
long-distance travel experiences, take people away from high-risk work environ-
ments, and allow for a higher degree of development and collaboration across indus-
tries. It is also the key to building our cities of the future.
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3.1Living

In the future, human’s relationship with vehicles will be redefined from reduc-
ing carbon emissions and paving the way for more sustainable lifestyles levels. It
is estimated that 30% of greenhouse gas emissions in the United States come from
transportation [29]. Autonomous vehicles will be able to travel more efficiently on
the road than vehicles operated by human drivers. This will lead to a reduction in
greenhouse gas emissions. Also, vehicles can be grouped into “platoons” and reduced
number of accidents. These can keep traffic flow continuously. Less congestion means
that passengers can get to their destinations faster and spend less time on the road,
which in turn makes more fuel efficiency and reduces CO2 emissions. Vehicles will
also likely communicate with road infrastructure, such as traffic signals, to adjust fuel
consumption and emissions accordingly.

Cab services, car sharing, and public transportation will become faster and
cheaper as the autonomous vehicles revolution progresses. The cost of these services is
therefore expected to decrease as maintenance, gas, and labor requirements decrease.
In this way, the cost gaps between purchasing one’s own car and using these travel
services will be stretched to a degree that will redefine how people travel. More
importantly, the reduced cost of transportation services will drive economic mobility
for vulnerable populations. Geographic locations that previously have been inacces-
sible to certain populations due to commuting costs will become accessible, resulting
in some new beneficial effects on the working population.

When autonomous vehicles become available, navigation will be more efficient
and traffic congestion will be reduced. Also, because cabs and car-sharing services
will be cheaper than purchasing a car, there will be fewer cars on the road. These will
ultimately improve commuting efficiency. The saved commute time can be spent on
work, socializing, and relaxing. This thus reduces the anxiety commuters when they
arrive at work and being able to work in a better condition. In addition, the reduction
in travel time also helps to improve daily productivity.

3.2 Human nature

Laziness is often the first driver of technological progress. Looking back at the
history of technological progress, people have invented home appliances in order
to reduce the labor of household chores. To save the pain of walking, human beings
have made carriages, bicycles, motorcycles, cars, trains, and airplanes. Humans hate
repetitive and inefficient tasks. They are too lazy to do it themselves. Therefore, they
let the tools do it and automate the repetitive tasks. Driving is a relatively repetitive
and inefficient task. Developing tools to achieve automation is clearly in line with the
trend of technological development. From efficiency perspective, the popularity of
intelligent autonomous vehicles can improve efficiency and save time.

3.3 Safety

Safety of intelligent autonomous vehicles is defined as their ability to keep people
safe and reduce the accident rates when autonomous vehicles are operating prop-
erly. Research shows that intelligent autonomous vehicles are safer than the average
human drivers [30]. Firstly, machines are much better at perception than humans.
The autonomous vehicle has various sharp sensors, radar, and cameras, which can
perceive a wider range than the human when driving. The hardware upgrades allow
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vehicles to “see” the world that humans cannot see in a farther, wider, and clearer way.
Also, it can see many different angles at the same time, which is beyond the range of
human perception. For example, Tesla has eight cameras mounted around the body
(two in the front, two on the left and right side, and two in the rear), providing a
360-degree view and a range of 250 meters [31]. Front-enhanced radar is installed to
provide clearer and more accurate detection data in adverse weather conditions (such
asrain, fog, and smog). All of these are beyond the ability of human perception.
Therefore, autonomous vehicles can make decisions earlier than humans and react
faster, which makes driving safer. Furthermore, for, autonomous vehicles, vehicle-to-
vehicle communication will be possible. There will be more communication in various
scenarios and further improve safety.

Secondly, autonomous vehicles are more energetic than humans. Globally, fatigue
driving has become one of the major causes of traffic accidents. According to the
National Highway Traffic Safety Administration, there are about 100,000 traffic acci-
dents on U.S. roads each year due to drivers going to sleep while driving [32]. Studies
show that approximately 94% of crashes are caused by human error. The World
Health Organization estimates that more than 1.3 million people die in road traffic
accidents each year [32]. The number of deaths and injuries from car accidents caused
by distracted drivers continues to increase [32]. Autonomous vehicles do not need a
human driver. Instead, the driver is a microcomputer, which runs a large amount of
computer code and connects to different sensors inside and outside the vehicle. The
data and sensors are connected to the cloud and can simulate the external environ-
ment around the vehicle real time. In this way, the intelligent autonomous vehicles can
anticipate the actions that need to be taken based on the current surrounding traffic
conditions. These actions are performed normally regardless of the climate, environ-
mental, and traffic conditions. People get fatigued while autonomous vehicles do not.
Thus, safety levels of autonomous vehicles driving are higher than human drivers.

Thirdly, autonomous vehicles are more rational than humans. People have emo-
tions. They may make dangerous actions because of panic and rage. Autonomous
vehicles do not make these mistakes, which is a major advantage of autonomous
vehicles. At present, autonomous vehicles may be worse than humans in making deci-
sions, especially in the face of various extreme situations and uncertainty. However,
this piece is constantly improving. One aim of intelligent autonomous vehicles
research is to improve the ability of intelligent autonomous vehicles to deal with
various extreme situations and cover a variety of possible extreme cases to increase
safety of intelligent autonomous vehicles. In addition, the optimal future situation is
that all vehicles are intelligent autonomous, which makes most of the driving behavior
predictable.

It is also acknowledged that autonomous vehicles cannot guarantee a 100% safety
rate. They will have failures and flawed algorithms. However, humans cannot achieve
a100% safety rate either. Aslong as intelligent autonomous vehicles outperform
humans, intelligent autonomous vehicles will help reduce the deaths in traffic acci-
dents worldwide each year.

4. Key technologies needed for future intelligent autonomous vehicles

From the future perspective, intelligent autonomous vehicles will develop from
low speed to high speed, from carrying goods to people, from commercial to civil use.
Autonomous vehicles are a complex engineering system that requires the integration
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and precise cooperation of various technologies, which include algorithm, client sys-
tem, and cloud platform [33]. The algorithm includes sensing, which is used to extract
meaningful information from the collected sensor raw data; positioning, which is used
to precisely control the driving direction of the intelligent autonomous vehicles; percep-
tion, which is used to understand the surrounding environment of the vehicle and
provide safe and reliable planning for the vehicle’s travel and arrival. To achieve these
algorithms, professionals are expected in the following areas: computer vision (includ-
ing image classification, target detection, target recognition, and semantic segmenta-
tion), Kaman filtering (including vehicle position prediction, measurement, updating,
and multiple sensor data fusion), Markov localization (including vehicle motion models
for vehicle localization, Markov processes, Bayesian principles and position filtering,
target observation localization, and particle filtering), vehicle control decisions (PID
control; including lane departure error control, PID hyperparameter adaptive adjust-
ment), model predictive control (MPC; including vehicle dynamics, vehicle trajectory
prediction, finding optimal execution parameters such as steering angle and accelera-
tion) [23, 34, 35]. Client system consists of operating system and hardware system,
which can cooperate with the algorithm part to meet the requirements of real-time,
reliability, safety, and green energy consumption. Cloud platform provides offline com-
puting and storage functions to support testing of continuously updated algorithms,
generating high-precision maps and large-scale deep learning model training.

4.1 Scenario operation

The future of intelligent autonomous vehicles driving also requires the cooperation
of technology and scenario operation. The structured scenario can already realize Level
4 intelligent autonomous vehicles operation. However, different scenario has different
requirements for technical details. Mining scenario has magnetic field interference,
poor GPS signal, and harsh working environment with more dust [36]. Port scenario
often encounters rain and wet weather [37]. Airport logistics needs to require high
security [38]. Under these conditions, intelligent autonomous vehicles need to be con-
nected to the overall operation management and dispatching system. Therefore, a deep
understanding of the scenario and targeted changes to the algorithm are expected to
achieve the implementation of intelligent autonomous vehicle driving. Also, continuous
data acquisition through operation is needed to continuously iterate on the technology.

4.2 Machine learning

Machine learning behind autonomous driving is an interesting problem. Dataset
of autonomous driving is on-policy, meaning that it changes with the driving strategy.
Also, not all data are useful. For autonomous driving, a lot of data are monotonous
and repetitive, such as nice weather, and no cars or pedestrians around, which do
not help much to improve the driving strategy. How to overcome the shortcomings
of each sensor to provide real-time, accurate, and non-redundant environmental
information is a further requirement of deep learning.

Another area that future needs to solve is the learning improvement of driving
strategy. Assuming that the driving strategy performs poorly at the beginning and
requires human intervention every kilometer, for every kilometer some important
data are collected, such as video and radar data, which are associated with a few
seconds before the accident. Then, data are used to train the current model and learn
a better strategy to avoid accidents. With better strategies, manual intervention is
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reduced once for every 10 kilometers. Then, the data are used to train the current
model again. The learning cycles thus are built up. From the learning, it will be found
that the better the quality of the driving strategy it is, the less frequent the manual
intervention occurs, the less effective training data can be gotten, and the harder it

is to continue improving. As the quality of driving improves, the decay in the rate of
manual intervention is very slow. The key question then is whether it can surpass the
level of areal driver? The real scenarios have a variety of strange and bizarre situ-
ations. There will be some corner case never seen by the algorithm [39]. Aslong as
the machine learning algorithm still needs a lot of data, the driving strategy seems
difficult to achieve human levels. Some people think that the problems can be solved
by adding more sensors [40]. However, with the increase of sensors, at first the effect
of signals will raise. But then the deployment, maintenance, and coordination costs
will rise significantly.

The current research on perception algorithms is mainly focused on vision. The
research on applying deep learning for target recognition, segmentation, and tracking
is very hot [41, 42]. However, what will happen if there is a person wearing a t-shirt
painted with a stop sign on the road? More problems happen on the counter-sample.
Stop-sign with a few sticky notes may be recognized as yield sign. Printing a few
special patterns on the clothes may be stealthy. These are still considered counter-
sample on the visual level. In the future, strategy-level counter-sample problems may
generate with more self-driving cars becoming available.

Using artificial intelligence to make decisions is also imperative. At present, a
series of research studies on decision making such as deep augmented learning,
predictive learning, and imitation learning are gradually carried out.

4.3 Sensors

Autonomous vehicles require the use of multiple sensors. This at the same time
is the challenge for autonomous vehicle—how to balance these different sensing
modalities [43]. To overcome this challenge, an intelligent way is expected to com-
bine the various sensors to provide a safe, high-quality autonomous driving system
without significantly increasing size, weight, power, or cost [6]. The improvement of
vehicle sensing focuses on collecting data from individual sensors and applies sensor
fusion strategies to maximize complementary and compensate the weaknesses of dif-
ferent sensors in various conditions [6]. For example, cameras are excellent at recog-
nizing signs and colors, but perform poor in bad weather or low light environments.
These weaknesses can be compensated by radar [44]. However, the current systems
are mainly independent, with little interaction between individual sensing systems.
Also, no single sensing approach can be applied to all applications or environmental
conditions.

4.4 Road condition recognition

For road condition recognition, vehicles need to control and recognize sur-
rounding obstacles, traffic signals, pedestrians, and other vehicle states. Inertial
Measurement Units (IMUs) can detect sudden jumps or deviations caused by potholes
or obstacles. Through real-time connectivity, these data can be sent to a central
database and used to warn other vehicles about potholes or obstacles [45]. The same is
true for camera, radar, LIDAR, and other sensor data [46]. These data are compiled,
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analyzed, and fused so that the vehicle can use it to make predictions about its driving
environment. This allows the vehicle to become a learning machine and is promised to
make better and safer decisions than humans. To date, however, very few intelligent
autonomous vehicles have been able to achieve it.

4.5 Storage

The data of intelligent autonomous vehicles are massive. Data of intelligent
autonomous vehicles are mostly images, sound, and other natural information. They
are unstructured data, whose data volumes are much larger than structured data.

In addition, intelligent autonomous vehicles require a very high level in real time.
According to calculations, the amount of data collected by autonomous driving
technology is as high as 500GB to 1 TB per hour per vehicle. The core of data flow in
vehicles is the storage of data. The memory capacity of general computers is in a few
or dozens of GigaByte (GB). The memory capacity of large servers is in hundreds

of GB. It is nearly impossible to store all the data into the computer of intelligent
autonomous vehicles considering the memory for computing capabilities under the
existing hardware system. A potential solution is to load the data into high-efficiency
hard disk storage and send it to the memory and CPU or GPU for computation when
needed [47].

Another problem encountered in data storage for autonomous vehicles driving is
environment [36-38, 48]. A computer hard drive is a fragile component. However,
vehicles are often used in harsh environment. When the vehicle is on the road,
it will experience constant vibration, extreme weather, and even sudden power
outages or accidents. The hard drive, which is the “data tank” for autonomous
driving, must ensure efficient and stable operation under all these circumstances.
Otherwise, the data will not be sent to the computing unit, which will lead to seri-
ous consequences.

4.6 Electromagnetic interference (EMI)

There are two types of electromagnetic interference (EMI) emissions: conducted
and radiated [49]. Conducted emissions are connected to the product through wires
and alignments [49]. Since the noise is limited to a specific terminal or connector in
the design, in the early development process, with the help of a good layout or filter
design, it usually can be relatively easy to ensure compliance with the conducted
emission requirements [50]. However, radiated emissions are in a different condi-
tion. Anything on a circuit board that carries current radiates electromagnetic fields.
Every alignment on a circuit board is an antenna, and every copper layer is a resona-
tor. Things, other than a pure sine wave or DC voltage, will generate noise across the
signal spectrum. The power-supply designer does not know how bad the radiated
emissions will be until the system is tested. To make things worse, radiated emissions
can only be tested formally after the design is essentially complete. People often
use filters to attenuate a specific frequency or a certain frequency range of signal
strength, in this way to reduce EMI [51]. In addition, the energy of radiation, which
goes through the space propagation, can be attenuated by adding metal and magnetic
shielding. EMI cannot be eliminated, but can be attenuated to a level acceptable to
other communications and digital devices. This is what the future needs to further
detect.
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4.7 Chips

Under the trend of “software-defined car,” chips, operating systems, algorithm,
and data form the closed loop of intelligent autonomous vehicle computing ecology.
Chips are the core of intelligent autonomous vehicle ecological development. This also
gives rise to a strong demand for autonomous vehicles chips. The value of chips in the
autonomous vehicles is not small. The value of all the chips in a cell phone is a hun-
dred dollars, but the value of all the chips in autonomous vehicles is up to hundreds
of dollars. At the same time, there are many kinds of chips above the autonomous
vehicles. Family cars need hundreds of chips, such as tire pressure monitoring,
sunroof, lights to back-up camera, back-up radar, and remote control keys. When any
chip misses, the car cannot be delivered.

In 2022, the global “chips shortage” still has not been effectively alleviated. The
most shortage of chips is MCU chips, which is the most common chip on the autono-
mous vehicles. Window control, seat control, and Electronic Control Unit (ECU) are
inseparable from it. MCU accounts for about 30% of the total number of autonomous
vehicles chips. A car needs dozens to hundreds of MCU chips [52]. Chips shortage
prompts many dealers under the temptation of high profits, which makes the market
situation of chips shortage become more and more serious.

Chips are a piece that contains integrated circuit components. Chips can be
roughly divided into two categories—functional chips (such as CPU and communi-
cation base station processing chip) and storage chips. To manufacture a chip, the
industry first needs to design the chip. Which function that the chip can have has
been determined in the design of this step. This requires professionals to carry out the
design of the circuit. Next is the production. This step is also the most tedious. Finally,
it is the packaging. The finished chip is mounted into a saleable product. Among these
three steps, the most difficult is the design, while the easiest is the packaging.

The chip crisis is bringing a change to reshape the autonomous vehicles business
model. The “0 inventory” management can no longer adapt to the development.

The pursuit of supply chain costs brings a greater risk of hidden danger. Secondly,
cooperation with chip foundries needs to be more open. Previously, vehicle chip
foundries were relatively closed. They were unable to respond unexpected situations
flexibly. How to cooperate with more chip suppliers on an equal footing in the future
is a problem that must be faced. Finally, autonomous vehicle chips need to follow the
chip industry upgrade. Now, the vehicles chip is mainly used in 8-inch production
line. However, from a technical point of view, 8 inches compared with 12 inches is
“past tense”; from the economic efficiency point of view, the 12-inch production line
is more efficient than the 8-inch production line.

Autonomous vehicles driving also makes the E-E architecture of vehicles a new
trend. The EE architecture of vehicles refers to the layout of the electrical and elec-
tronic systems in the vehicle scheme. This concept was first proposed by Delphi in
2007. The electrical architecture is dedicated to providing integrated electrical system
layout solutions for automakers to address the development of electrification of
vehicles. The original EE architecture was a distributed architecture. Each controller
targets one function, which makes add an additional function simple and quick by
adding a controller. In the stage of mechanical vehicles, because there are not many
electrical and electronic components, the distributed architecture is still comfortable
to use. As the level of automotive intelligence increased, distributed architecture
began to be caught off guard by the explosive growth of electrical and electronic
components.
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Today’s autonomous vehicles do not only need abundant acceleration, but also
need to be able to see and hear all directions and realize human-machine interaction
at any time. With so many functions to achieve, the number of ECUs has increased
dramatically; the complexity of the wiring harness in the car has risen; and the
maintenance of electrical equipment has become cumbersome to update. How to
ensure these functions do not become “congested” in the process of use, and how
to call different ECU functions at the same time to react quickly when dealing with
complex instructions? The wave of vehicle electrification makes these problems even
more difficult.

The new architecture of EE-Centralized Architecture has emerged. It divides the
whole vehicle into several domains according to the functions of electronic components
(such as powertrain domain, vehicle safety domain, intelligent cabin domain, and intel-
ligent driving domain). Then, a domain controller (DCU) with better processing power
is used to unify the control of each domain. The emergence of a centralized architecture
hasled to a significant increase in the integration of vehicle functions. The role of indi-
vidual ECU is integrated by integrated management. Complex data processing and con-
trol functions are unified in the DCU. With the signals received and analyzed become
more complex, the EE architecture will also evolve to multi-domain controller MDC.
Because of the new trend of automotive EE architecture, the integration of controllers
and the introduction of domain controllers will affect the chip market simultaneously.
DCUs, ECUs, and other electronic devices will also be further developed.

The centralized EE architecture also puts new demands on the automotive soft-
ware architecture. With the centralization of automotive EE architecture, domain
controllers and central computing platform deploy in a hierarchical or service-
oriented architecture. The number of ECUs is significantly reduced. The underlying
hardware platform needs to provide more powerful arithmetic support. The software
is no longer based on a fixed hardware development, but to have portable, iterative,
and scalable features. Therefore, at the level of software architecture, automotive
software architecture is also gradually upgraded from Signal-Oriented Architecture
to Service-Oriented Architecture to better achieve hardware and software decoupling
and rapid software iteration.

4.8 Navigation

In the future, more advanced driver assistance features that can be synchronized
with navigation and GPS systems will be developed. Each situation’s data that a self-
driving car might encounter will be collected and accumulated. Mapping companies
need to enhance 3D mapping data of cities. Automakers and high-tech automotive
system suppliers need to work closely with each other to ensure that light detectors,
LIDAR, radar sensors, GPS, and cameras work together.

4.9 Iteration

There are currently two types of iterations: evolutionary and revolutionary. The
evolutionary route enables accumulation of more perception and driving data (such
as scenario road conditions). These data (such as calibrated image data and corner
case driving road conditions) and decision algorithms can be migrated to Level 4
intelligent autonomous vehicles. Revolutionary aims to develop fully autonomous
vehicles directly. It remains unclear which path alone will be successful. However, the
more likely outcome is a symbiotic fusion of the two.
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5. How intelligent autonomous vehicles affect the future

The automobile was invented in 1886. More than 100 years after the invention
of the automobile, the human social life has been changed. Life, living, working,
and entertainment have changed dramatically. Therefore, autonomous vehicles may
change human life living once again in the following areas.

The value chain of the automobile industry will be reconstructed with the devel-
opment of intelligent autonomous vehicles. Nowadays, vehicles are mainly hardware
devices, and safety is the core. However, the core of the vehicles is changing from
hardware equipment to IT services, including autonomous driving system and vehicle
networking system. In addition, automobile insurance is being changed. In the future,
insurance for human driving may be not needed. Without the needs on insurance for
human driving, the insurance companies need to seek new business. Insurance for
autonomous vehicles, such as network security and system failure, may become a new
trend.

Because of the installation of cameras, radar, LIDAR, and artificial intelligence
systems, the cost of autonomous vehicles will be high. This means intelligent autono-
mous vehicles will be more likely to be firstly used for specific traffic industries and
groups [53]. The senior and disabled people may be first group people that use intel-
ligent autonomous vehicles. Intelligent autonomous vehicles give them the freedom
to travel without relying on friends and family. Car-hailing, buses, cabs, logistics
vehicles may be the first group services that adopt autonomous vehicles. This will
significantly reduce traffic congestion and environmental degradation. Because of the
changing public transportation [54], the offline shopping mall will be subverted too.
From small street stores to the large shopping malls, there are usually large parking
lots underneath the malls. However, in the future, after the popularity of self-driving,
the vacancy time of the car almost does not exist, and people travel and shopping
simply do not need to consider whether there is a large parking lot near the mall. This
will have a direct impact on shopping malls.

6. Barriers in intelligent autonomous vehicles development

In the future, it is inevitable that autonomous driving may replace human driving
in most cases. However, new technologies have not been tested over a large amount
of time and are not guaranteed to be free of pitfalls. These pitfalls mainly include
reliability, legal, and ethical issues. The two pitfalls may barrier the development of
intelligent autonomous vehicles.

Reliability of intelligent autonomous vehicles is defined as the ability to perform
a given function without failure for a given period of time and under certain condi-
tions. Failures can come from various directions such as control system failures and
being hacked. Generally, the more complex the system is that the more automated
and intelligent it is, the greater risk of potential stability it will meet. For example, in
Arizona, USA, a self-driving road test vehicle struck and killed a cyclist. There was
a person behind the wheel of the autonomous vehicles at the time of the accident,
but that person was not actually steering the vehicle. These types of accidents reduce
public confidence in the ability of autonomous vehicles.

Ethical and legal are one of the most serious issues that autonomous vehicles need
to solve if they want to go forward in the future, especially involving the definition of
responsibility for accidents. It includes a few of sub-questions. Firstly, the question is
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related to whether an autonomous driving system can be a legally recognized driver
or not? The function of driving a vehicle has historically been assigned to a licensed
human driver. This determination will have a direct impact on whether self-driving
cars can be considered as a legal driver. Secondly, the issue is related to liability.

If autonomous vehicles malfunction and cause damage to the owner, whether the
owner can seek compensation from the insurance company, and how liability will be
allocated between the human driver and the manufacturer in an accident. Legislation
on intelligent autonomous vehicles depends on the simultaneous development of
technology, regulations, and public consensus building. Thirdly, the issue is related to
ethics. In times of emergency condition, whether self-driving cars protect the people
inside the car or the people outside the car? Traditional cars are centered on protect-
ing the drivers and passengers for it is decided by human drivers. But self-driving cars
can face such ethical controversies because they can be prEEngineered. Moreover, the
ethical issues related to the condition that when facing the necessity of hitting one

of the two persons in certain situations, who should be the victim? Due to Moore’s
law, self-driving technology will continue to mature and safety. The legal and ethical
issues will become the biggest obstacle for the development of intelligent autonomous
vehicles.

7. Conclusion

Under the impetus of automated driving, artificial intelligence, and other technol-
ogies, the major reform of automobile industry has become an inevitable trend. The
integration of information communication and automobile industry has become an
inevitable move. As an important product reflecting the country’s industrial strength,
intelligent autonomous vehicles are a new representative of the potential growth of
the national economy. Also, it is a manifestation of the integration of the country’s
industrial manufacturing sector with new technologies. At present, the development
space of intelligent autonomous vehicles is getting bigger and bigger, and with the
penetration of this type of vehicles, the proportion of autonomous vehicles in the
future automobile market will continue to increase.

The chapter reviews the autonomous driving levels and the development of
autonomous vehicles first. Then, the chapter explains why autonomous vehicles have
huge potential, key technologies that are needed for future intelligent autonomous
vehicles, and how intelligent autonomous vehicles affect the future. Finally, barriers
in intelligent autonomous vehicles development are discussed. This chapter contrib-
utes as a start point for people who want to keep working on intelligent autonomous
vehicles and help them understand the general condition of future intelligent autono-
mous vehicles.
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