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    "They shouldn't allow humans to drive!"




    


    (Image Credit: Space machine, 2015)




     




    

      

        

          

            	

              The revolution, when it comes, will be engendered by the advent of autonomous or “self-driving” vehicles. And the timing may be sooner than you think.


            

          


        

      


    




    (Source: Center for Automotive Research, 2013 [1])
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    Preface




    Current trends in energy supply and use are unsustainable, whether in terms of environment, economy or society. We have to change the path that we are now on. We must reduce greenhouse gas emissions and we have to improve energy efficiency, by using low-carbon energy technologies.


    In the search for a sustainable solution to these challenges, electrical energy may be the key to success, particularly when it comes to mobility. Vehicles driven by an electrified powertrain can significantly contribute to the protection of the environment.


    Right now, the automotive industry is facing two major trends: the electrification of the drive train and autonomous driving. These trends are not independent thanks to the fact that the electrified power train eases the implementation of driverless vehicles.




    Has there ever been a finer creation that the automobile?


    Since the invention of the modern car in 1886 by Karl Benz, it has been bringing pleasure to every one of us. For nearly 130 years, the automotive industry has been a force for innovation and economic growth.


    But is it still in tune?


    Now, in the 21st century, the pace of innovation is speeding up and the automotive sector is facing a new kind of technological revolution as it approaches “fully autonomous vehicles”.


    Self-driving vehicles clearly impact the experience of passengers, but perhaps more importantly this technology will have an impact on several sectors of our society and on our whole ecosystem.




    Sooner or later, it may become possible for automobiles to drive autonomously and successfully to their destinations.




    How will this technology change the relationship between people and their automobiles? How will self-driving vehicles change the transportation sector and our freedom of mobility as we know it today? If autonomous cars succeed, how will they change our world? Could autonomous cars replace public transportation?




    This book has a focus on autonomous driving from various perspectives; it looks at what an autonomous car is and how it may come to be commonplace on our roads, as well as the factors that could prevent its development and adoption.
 It also reviews the potential benefits of these vehicles and how they might impact different aspects of our lives. The book also examines the challenges and hurdles that face driverless vehicles and considers some solutions to these obstacles to enable successful market penetration.


    Aside from the social and economic consequences of autonomous vehicles, this book also emphasizes the technical point of view. It describes the technological inventions and engineering concepts which are necessary to operate self-driving vehicles.


    In summary, this book provides a comprehensive overview of the current state of the art in driverless cars and makes some projections for the future.




    [image: ]Autonomous cars no longer exist merely in the minds of children and science fiction writers. They are real and will be on roads sooner than you think.
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1        Introduction





    Visions of unmanned and autonomous machines and vehicles are not new. Experiments with unmanned aircrafts began in the First World War and a radio controlled car was demonstrated in the streets of New York in 1925 [2].


    


    Autonomous vehicles have long been predicted in science fiction and discussed in popular science media.


    Recently, major corporations have announced plans to begin selling fully autonomous vehicles in the near future.


    Driverless vehicles are no longer restricted to the realm of science fiction - they are in development and will be operating on our roads sooner than many would imagine.




    This section defines the terms “autonomous”, “self-driving”, and “robotic” as they refer to vehicles and provides examples of each. Further, this section points out why these vehicles are so popular nowadays and why they might become indispensable for our society.


  




  

    1.1         Definition of (fully) autonomous vehicles




    Right now, there exists no consensus definition of autonomous vehicles. The most typical designations are: “driverless”, “(fully) autonomous”, “self-driving” or “robotic”.


    Currently, the descriptions “driverless” or “fully autonomous” vehicles are representing the most common phrases by containing: a vehicle (car) with total autonomy.




     




    As there is no consensus definition, two working definitions will be used here:




    •         Definition 1: a vehicle that is designed to travel between destinations without a human operator.




    •         Definition 2: a vehicle which is able to perceive its environment, decide autonomously which route to take to its destination, and conduct itself along the route it selects.




     




    Certain milestones of autonomy must be achieved before a vehicle can be considered fully autonomous (a detailed description is mentioned in chapter 5).




    

      

        

          

            	

              A fully autonomous vehicle can be described as a vehicle, being able to navigate without any human intervention to a predetermined destination over roads that have not been adapted for its use.


            

          


        

      


    




    For a common understanding, the terms “autonomous” and “driverless” vehicles will be used interchangeably in this report.


  




  

    1.2          What does a “driverless” vehicle look like?




    The concept of a driverless vehicle is not totally new.


    Even in the year 1957 people thought about what future cars would look like. Fig 1 shows a common portrayal. Here we see a family of four playing a board game while their futuristic electric car drives itself. As this advert from 1957 suggests, the aspiration for self-driving cars is one that has been held for at least half of a century. The text that accompanied the original read: “ELECTRICITY MAY BE THE DRIVER. One day your car may speed along an electric super-highway, its speed and steering automatically controlled by electronic devices embedded in the road. Highways will be made safe by electricity! No traffic jams…no collisions…no driver fatigue.”




    [image: http://thediagonal.com/wp-content/uploads/2014/01/1957-driverless-car.jpg]




    Fig 1: Imagination of a self-driving car from 1957 [3]




    However, when today people are asked what they imagine driverless vehicles to be like, their responses may differ depending on their generation and their knowledge of current driverless car engineering.


    The younger and elderly generation imagine “robotic vehicles” when they think about driverless vehicles. As this description consists of the two terms “robotic” and “vehicle”, many adult (and especially elderly) people envision a robot driving a conventional car. An illustration is shown in Fig 2. This figure shows a robot trying to drive a vehicle during the Defense Advanced Research Projects Agency’s (DARPA’s) Robotic Challenge.




    This challenge is a competition between teams of robot and software engineers who are trying to develop robots capable of assisting humans in responding to natural and man-made disasters. It was designed to be extremely difficult. Participating teams, representing some of the most advanced robotics research and development organizations in the world, collaborate and innovate on a very short timeline to develop the hardware, software, sensors, and human-machine control interfaces that will enable their robots to complete a series of challenge tasks selected by DARPA for their relevance to disaster response [4].




    While the elderly generation imagines a robot (more or less a humanoid one) driving a conventional car, the younger generation thinks about a robot that can transform itself into a conventional car. This conceptualization might be primarily informed by popular movies like “The Transformers”, as it can be seen in Fig 3. At least from today’s point of view, we are far away from such a technology and it might be questionable if we will ever develop such a technology.
 [image: ]




    Fig 2: What people have in mind when they think about “robotic cars"- a car driven by a robot during the "DARPA"- challenge [5]




     




    [image: http://childrenstoy.biz/wp-content/uploads/transformers-bumblebee-toy-car.jpg]




    Fig 3: A robot that can transform itself into a car [5]




    Today’s autonomous cars - or “robotic vehicles”- neither consist of a humanoid robot driving a vehicle, nor a robot transforming itself into a vehicle. Rather, it looks more or less like a conventional vehicle and consists of an array of sensors, actuators, computers, power electronics and communication tools. That’s the reason why the term “robotic vehicle” is not typically applied to contemporary autonomous vehicles. On the one hand it is obvious that these vehicles look and ride like conventional ones, but on the other hand people feel uneasy when they think about robots. Who wants to have a creepy ride?




    It’s the same reason why unmanned public transport systems (i.e. subways) are also not called “robotic subways”.




    Instead of using the term “robotic”, they are mostly named as "autonomous".




     




    

      

        

          

            	

              Autonomous vehicles look like usual vehicles we drive today, taking over from the driver under certain circumstances.


              Fully autonomous or self-driving vehicles are more advanced. The vehicle will do all the driving, using the same system of sensors, radar and GPS mapping that autonomous vehicles employ.




              In the context of this book, the term “fully autonomous vehicles” refers to automobiles that are powered by autonomous technologies and are capable of travelling without human control of the vehicle.


            

          


        

      


    




    Currently, nearly every car manufacturer is working hard on the development and implementation of such vehicles. At the moment they can be identified by their sensors, which are necessary and mostly placed on the top of the vehicle. But even this recognition feature will disappear within the coming years.


    





    Right now, one of the most popular autonomous vehicles are the driverless cars from Google, which are showed in Fig 4 and Fig 5.




    [image: http://www.google.com/selfdrivingcar/images/gallery/prototype.jpg]




    Fig 4: Google's self-driving car (newest generation) [6]




    [image: http://www.google.com/selfdrivingcar/images/gallery/prius.jpg]




    Fig 5: Google's self-driving car (earlier generation) [7]




    


    So, how far away are we today from the visions from the early 1950’s (shown in Fig 1)?


                    It seems like we are not that far away!




    So don’t worry if you see a vehicle coming down the street with nobody sitting inside. It might be a driverless one!


  




  

    1.3          Why are autonomous vehicles important now?




    Much like electric vehicles (EVs), autonomous vehicles may seem like a very recent initiative but were first developed years ago. The idea of driverless cars already existed several decades ago (as described in the previous chapter).


    Experiments have been conducted on automating cars since at least the 1920s [8]. Fig 6 shows a selection of the history of autonomous cars.




    [image: ]




    Fig 6: History of developments of autonomous vehicles




    Today, every major commercial automaker is engaged in research in this area. The introduction of fully autonomous vehicles to the general market is being predicted to occur within five to 20 years.




    In 1961, we predicted that cars would be directed by a punched tape so you could sleep behind the wheel (compare Fig 7). And in 1967, we anticipated you could twirl a dial on a car’s dashboard, set it to your destination, and then sit back to read the morning paper on the way to work. But maybe this time it’s for real (Popular Science, 2015 [9]).




    [image: http://www.popsci.com/sites/popsci.com/files/styles/medium_1x_/public/urbmobile_cropped.jpg?itok=hVjx8Mzt]




    Fig 7: The Urbmobile - From the Popular Science archives [9]




    What’s the differences between earlier notions, like in the early 50’s, and today? Why should they be available now but were not in earlier days?




    Nowadays, the technology appears close to commercial introduction and maturity. This stands in contrast to earlier decades in part because global megatrends have huge influences on our mobility and on our vehicle concepts.




    These global megatrends include: global environmental stress, globalization, urbanization and megacities, demographic change and the contemporary digital lifestyle.




    Today, there are around 1 billion automobiles in use worldwide. This large number of vehicles has caused and continues to cause a series of major issues in our society, like greenhouse gas emissions, air pollution, oil depletion, energy insecurity and population growth.




    The focus of interest has shifted towards efficient and fast transport in urban areas - individual transport will still remain in a multi-modal transport scenario.
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DEVELOPMENT
Notices of a“phantom auto” which will drive to
Milwaukee [10]

Autonomous highway system tests: General Motors
developed automated highway prototypes with radio
control for speed and steering (10]

‘Avehicle ofjapan's mechanical engineering ab follows.
roads for up to 0.03 mi (50 m) atup to 19mph
(30km/h)

‘Avision guided Mercedes-Benz van achieves 39 mph
(63 km/h) on streets without traffic (by Erust
Dickmann) [11]

‘The US. Department of Defense funds the "DARPA
Autonomous Land Vehicles” project

‘The Buropean Commission funds the $890 million
(€800 millon) “EUREKA Prometheus* project on
autonomous vehicles [11]

DARPA starts long distance competitions for
autonomous vehicles [4]

DARPA's “Urban Challenge* focuses on 60 mille

(966 km) urban environment (4]

Google starts thei driverless car program using a mix of
Google Maps data. radars and LIDAR [10]

‘Automobile manufacturers draw a distinction between
‘autonomous cars and self-driving cars.





