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Dear readers, 

Universidade de São Paulo (USP) and Technische Hochschule Ingolstadt (THI) would like to thank all 
those involved for their commitment to our joint project “basci.net – AI bridging science and society” 
which has received the prestigious “Award for International Research Marketing”.

basci.net pursues the internationalization of our AI-related research within the frame of an international 
science week. This week is just as manifold and multi-dimensional as the opportunities and challenges 
surrounding AI throughout the respective research in our universities unfolding in novel institutional 
settings.

Over the last few years, most recently in 2019 and 2020, our two universities have pooled AI-related 
activities within two research centers: THI with its research center AIMotion Bavaria is home to the 
statewide AI mobility hub, while USP’s C4AI Center for Artificial Intelligence has become a Brazilian top 
address for excellent research on AI. They both share the connection between AI core and application 
areas. Core AI research addresses fundamental and far-reaching issues while at the same time being 
shaped by these specific application areas.

Beyond that basci.net provides a networking platform for German and Brazilian researchers. Further 
international researchers from future partner countries are to be integrated into the project, sharing their 
experiences and ideas regarding AI in their various technology fields and regional and social contexts 
alike.

It was THI and USP that initiated their academic exchange within the framework of the German-Brazilian 
AWARE network ten years ago. As we set out to draft our award proposal in 2021, basci.net comprised 
Artificial Intelligence Network Ingolstadt (AININ), Bayern Innovativ, the German Centre for Research and 
Innovation São Paulo and Lactec. Above all, we are pleased to see that a steady flow of new partners 
contributes to this joint basci.net publication, such as Deutsches Museum, FACENS, or the Paraná 
State Industry Federation FIEP, just to name a few. 

Let us regard this award as both a confirmation and an incentive to continue basci.net’s success.

We wish you an exciting reading experience with many impulses and ideas for cooperation.

Ingolstadt and São Paulo in March 2022
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Artificial Intelligence 
– the Challenging 
History of a Research 
Area
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Rudolf Seising
Head of BMBF Research Project  
“IGGI – Ingenieur-Geist und Geistes-Ingenieure” 
Deutsches Museum,  
Research Institute for the History  
of Science and Technology

In September 1955, the Rockefeller Foundation received an unconventional application for funding an 
interdisciplinary researchers’ meeting: the scientists wanted to consider “to find how to make machines 
use language, form abstractions and concepts, solve kinds of problems now reserved for humans, and 
improve themselves.” The planning for this “Dartmouth Summer Research Project on Artificial Intelligence” 
came from four US researchers: mathematicians or rather electrical engineers John McCarthy, Marvin 
L. Minsky, Claude E. Shannon and Nathaniel Rochester.1 The quartet suggested that any aspect of 
learning or any other characteristic of intelligence could in principle be described so precisely that it 
could be simulated by a machine – a computer.2 

A history of the research area of Artificial Intelligence (AI) must trace numerous developments in 
various scientific disciplines, such as logic, mathematics and electrical engineering, but also biology, 
psychology and medicine. Corresponding approaches can be found in general systems theory and 
cybernetics. The latter thematise principles that transcend the sciences and can be traced back to 
the biologist Ludwig von Bertalanffy3 and the mathematician Norbert Wiener4. These inter- or trans-
disciplinary “super-sciences” inspired national and international meetings that could be realized due 
to the support of some foundations5 in the 1940s and 1950s. In May 1942, for example, the Macy 
Foundation, which had close ties to medicine, organized the meeting of an interdisciplinary group on 
“Problems of Central-Inhibition in the Nervous System” in New York. Its chairman, the neurophysiolo-
gist Warren S. McCulloch, chaired the Macy conferences “Circular Causal and Feedback Mechanisms 
in Biological and Social Systems” between 1944 and 1953, which were called “Cybernetics” from 
1949 onwards.

In 1943, McCulloch and Walter H. Pitts published the article “A Logical Calculus of the Ideas Immanent 
in Nervous Activity”, in which they represented the activities in a nerve network by a complete logical 
calculus for time-dependent signals in electrical circuits.6 It was the mathematician and computer 
pioneer John von Neumann who made this work known, employing it for analogy considerations for the 
function of the planned digital computer EDVAC.7 There was no proof of an analogy in principle between 
the brain and the computer, and it was clear that this was a gross simplification. However, the topic 
accompanied von Neumann until the end of his life.8

The “Hixon Symposium on Cerebral Mechanisms in Behavior”, organized at the California Institute of 
Technology in 1948, also addressed parallels between “electronic computers” and the brain. McCulloch 
in his paper posed the question “Why the Mind is in the Head”9, while von Neumann compared 
calculating machines with living organisms in “General and Logical Theory of Automata”. Von Neumann 
also included “formal neural plexuses” and furthermore outlined a “future logical theory of automata”.10 
The latter had been strongly shaped by English logician Alan Turing. Even before the age of the 
digital computer, Turing had invented a abstract machine, that carried out the process of computing, 
as humans do with pen and paper, on a strip of tape divided into fields – a machinery that processes 
abstract-formal signs. Turing showed at the time that what is now called this “Turing machine” was 
capable of solving “any conceivable mathematical problem, provided that it can also be solved by an 
algorithm”.11 

In his 1950 article “Computing machine and intelligence”, he asked whether computers could think.12 
Machines that mimic human and thus intelligent behaviour extremely well he called “thinking machines”. 
Turing was convinced that with the 20th century drawing to a close, talking about thinking machines 
would be considered as something common. 

Participants in the Dartmouth Summer Research Project on Artificial Intelligence 1956: (from left to right) Oliver Selfridge, 
Nathaniel Rochester, Ray Solomonoff, Marvin Minsky, John McCarthy, Leon Harmon, Claude Shannon. © courtesy of Minsky family
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In the summer of 1952, at Bell Laboratories, the young mathematician McCarthy met Shannon, known 
for his master’s thesis on circuit theory13 as well as for his Mathematical Theory of Communication.14 
McCarthy made the proposal to Shannon to publish a compilation of studies on machine intelligence. 
McCarthy wanted to call the book “Intelligent Machines”, but Shannon was against it and so they 
agreed on the title “Automata Studies”.15 

The result disappointed McCarthy: the mathematical-logical work on automata theory did not deal with 
his preferred idea of “intelligent machines”. In the same year, he began planning the AI workshop at 
Dartmouth College commonly called the “birth of AI”. This labeling persisted despite the high hopes as-
sociated with this meeting remaining unfulfilled. This was because the endeavors undertaken proved to 
be much more difficult to accomplish than expected. There was neither a shared vision nor a definition 
or general theory of AI or machine learning to draw upon. Still, there was a common understanding that 
computers could be made to simulate intelligent behaviour.16

On Ray Solomonoff’s handwritten list of each participant for the Dartmouth meeting also the name of 
the British psychiatrist William R. Ashby appears, albeit with a question mark.17 Whether Ashby really 
participated cannot be affirmed with certainty. He had already been invited to the Macy conference 
on the grounds of his book “Design for a Brain”, published in 1952. Furthermore, Ashby had written 
the article “Design for an Intelligence-Amplifier” on “Automata Studies”. This was the only article in 
the book bearing the word “intelligence” in its title. For Ashby, human intelligence was a capability of 
the brain. A computer, however, could amplify its abilities, similar to the way power machines amplify 
human work processes.18 Steam engines and electric motors do not move themselves, but convert 
energy for the purpose of propulsion, thus setting other things in motion; Ashby called them “pow-
er-amplifiers”. Thus, computers are not capable of human intelligence. Still, they possess “synthetic 
intellectual capabilities”, enabling them to amplify human intelligence. Ashby referred to them as 
“intelligence-amplifiers”.

In Germany, one of the most prominent representatives of cybernetics was Karl Steinbuch, who became 
professor of communications engineering at Technische Hochschule Karlsruhe in 1958. There he 
constructed the so-called learning matrix. This electrical circuit structure connected a number of 
“property lines” with binary designations (as such only assume two states) to a number of “meaning 
lines”, also with binary designations. If certain features together with their corresponding meanings 
were fed into this circuit system during the “learning phase”, “conditional links” emerged. If the system 
was then offered features in the “can do” phase, it favoured the “most similar” meaning attached to 
it, i. e. the one that differed the least from the given set in the number of binary statements. So-called 
“learning” is thus a simple comparison of quantities, with Steinbuch’s learning matrix thus serving as 
an “intelligence booster” in Ashby’s conception. 

The learning matrix made its way into the first synthesis report on the state of AI research published 
in the Federal Republic of Germany in 1966. This report “Künstliche Intelligenz – State of Research”, 
which otherwise focused mainly on US-American developments, was written by four communication 
scientists and linguists from the University of Bonn. In this synthesis report, the designation “artificial 
intelligence” still appeared in quotation marks, as it was regarded as “not a well-defined, uniformly 
used term”. By contrast, the respective term evolved into something like a buzzword since it was 
coined in the jargon of the specialist academics who dealt with the use of computers in non-numerical 
problems.19

1  J. McCarthy, M. L. Minsky, N. Rochester, C. E. 
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The authors presented sub-fields that “in their systematic structure and results can represent the 
ways of thinking and procedures of ‘artificial intelligence’”: Artificial Perception, Information Retrieval 
and Automatic Problem Solving. In Western Germany, “Linguistic Data Processing” evolved out of 
the first two areas mentioned, while Image Processing and Automatic Reasoning were to become 
research areas for young physicists and computer scientists. In the 1970s, these scientists joined 
forces in the “German Society on Computer Science” (Gesellschaft für Informatik) where they formed 
the special interest group “Artificial Intelligence”, which was to become a section of its own. Their “KI 
Rundbrief” (AI Newsletter), as it was called at this time, became the specialist journal “KI – Künstliche 
Intelligenz” (AI – Artificial Intelligence) in 1988. The history of this research is the subject of the project 
“IGGI – Ingenieur-Geist und Geistes-Ingenieure: Eine Geschichte der Künstlichen Intelligenz in der 
Bundesrepublik Deutschland”.20

Video about the topic: 
youtu.be/oet7TQgasrM
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From Konrad Zuse, born in the same year as Claude E. Shannon, comes the saying, “All too 
often, the inventor is the Faustian idealist who wants to improve the world but fails in the 
face of harsh realities”. How do you view the development of AI from this perspective?
 
  Viviana Cocco Mariani The development of technologies, which significantly affects society, is seen from 

different perspectives. Accordingly, this also applies to AI. On the one hand, we may stress the positive 
perspectives envisioning AI as being deployed for the greater good – just like the increase in vehicle 
safety provided by AI systems. On the other, one should also take notice of the more dire prospects due 
to selfish motives or sheer ignorance. Thus, the development of AI will push the boundaries of science in 
both directions, and it is up to educators to guide others by ethical principles bearing in mind the history of 
mankind and its relationship to technology. 

  Rafaela Hillerbrand In the course of the 20th century, we have learned a lot about the unintended 
consequences of technologies and that these cannot be completely mitigated. These learnings can be 
readily adopted to AI. Hence, I’d hope that the idealist Zuse has in mind is nothing more than a caricature 
by now. One way to counteract is to incorporate various ethical values and stakeholders early onwards in 
the design process. For machine learning, for example, the learning data set is to be chosen also on the 
basis of ethical values, like the representation of marginalized groups.

After the disasters of two world wars, what role can AI play in the future of peacekeeping and 
service for the international community?

  Roberto Zanetti Freire Information is the fuel behind AI, which has already been put to the test in the 
recent pandemic. Sharing data to train smart systems was put in place in order to accelerate solutions 
helping to save lives. This can be taken to the next level by data extrapollation. Within this frame, AI 
has the potential to promote peace by sharing ideas, but also accurate data (and their proper use) and 
upholding common ethical principles.

  Rafaela Hillerbrand Development of more sophisticated weapons will only make Pandora’s box bigger. 
In a world where people are starving, this is simply a waste of time and money. Hence, I strongly think AI 
should be used to address the roots of conflicts. These are often social differences. Here, AI can be used 
in numerous ways: It can make education less cost-intensive and hence available to more people; it can 
be used to include more people in public discourse, particularly the marginalized; AI can be used to make 
the supply change of food more transparent and help advance better living conditions for farm animals or 
producers in low-wage countries. However, even with the best intentions the technological advances of AI 
will not do the job alone. Just like any other technology, it needs to be embedded in a social environment 
that fosters, for example, fair trade and fair wages for all in the supply chain. 

Interview
Viviana Cocco Mariani
Mechanical Engineering Graduate Program (PPGEM),  
Pontifícia Universidade Católica do Paraná (PUCPR), 
Curitiba, Department of Electrical Engineering

Roberto Zanetti Freire
Industrial and Systems Engineering Graduate Program 
(PPGEPS) 
Pontifícia Universidade Católica do Paraná (PUCPR), 
Curitiba, PPGEPS, Polytechnic School – EP
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Professor for Ethics of Technology and Philosophy 
of Science, Head of the KIT Academy for Responsible 
Research, Teaching, and Innovation (ARRTI), Head of the 
research group Philosophy of Engineering, Technology 
Assessment, and Science (PhilETAS) 
Karlsruhe Institute of Technology (KIT), Institute for 
Technology Assessment and Systems Analysis (ITAS)
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The Begin of the Computer Industry and  

the Artificial Intelligence in Brazil

Professor Lucas Moscato 
(Polytechnic School of São 
Paulo University – USP) in 
front of the first comput-
er developed in Brazil, 
nicknamed “Patinho Feio” 
(ugly duckling). © Prof Lucas 
Moscato, Polytechnic School 
of the University of São Paulo

Article about the first 
Brazilian industrial computer 
developed at the Polytechnic 
School of USP – Professors 
Lucas Moscato and Paulo 
Faria Amaral. © Prof Lucas 
Moscato, Polytechnic School 
of the University of São Paulo

First Brazilian industrial 
robot prototype developed at 
the University of São Paulo 
by professors Lucas Moscato 
and Paulo Faria Amaral. 
© Prof Lucas Moscato, 
Polytechnic School of the 
University of São Paulo

Computer Industry
The history of Artificial Intelligence (AI) in Brazil is closely related to the development of the computer 
industry and the communication services/internet in the country. The development of informatics in 
Brazil took place at two distinct moments. The first, between 1958 and 1975, was characterised by 
technology imports from developed countries, such as the United States. At that time, data processing 
was done in big computers inside universities, public bodies, service agencies and in big companies. 
The first computers installed in Brazil were bought by private and state-owned companies in the 60s, 
as, for example, the IBM computers of the Brazilian Institute of Geography and Statistics (IBGE), of 
the Ministry of Treasury, of the Center for Numerical Calculus of the University of Sao Paulo (USP), 
the School of Engineering of Minas Gerais University and the Pontifical Catholic University of Rio de 
Janeiro (PUC-RIO). In companies, the acquisition of the first computers was done by Esso Petrol Brazil, 
General Electric of Brazil, Volkswagen of Brazil among others.1

In the 70s the computer sales volume already justified the installation of the first multinational assembler 
companies in Brazil, and, at the same time, a national technological competence was developed 
through the efforts of some universities, such as the USP and PUC-RIO and the State University of Sao 
Paulo – UNICAMP. The first national computer, called the “Ugly Duckling” was developed between 1971 
and 1972 by USP, followed by the G-10 project between USP (hardware developer) and PUC-Rio 
(software developer). The G-10 project was supported by the Brazilian Navy that needed equipment for 
its on-board electronics nationalization program. The interest of various segments, especially the military 
one, aiming at the country´s technological independence, lead to the creation of the CAPRE (Coordination 
Commission of the Electronic Processing Activities) in 1972 and of the first computer factory Cobra 
(Brazilian Computers Corp.) in 1974, which was responsible for the G-10´s transformation into a 
national product.

The second phase of the development of the computer industry in Brazil started in 1975 and was 
mainly characterised by the growth of a national industry and the government´s intervention in the sector 
through market reserve to national companies in the minicomputer segment and the establishment of 
import control. From 1979 the governmental intervention was intensified, with the extension of the market 
reserve to microcomputers and with the creation of SEI (Special Informatics Secretary), connected to 
the National Security Council – CSN, that is, since then, the superior body to plan, supervise and control 
the sector. This and other initiatives from the national government allowed the sector to grow extensively 
in 1984, reaching the sixth position on the global computer market, the 5th position as a global 
manufacturer and establishing Brazil as the only country in the world able to supply 80 % of it´s internal 
market needs. Nevertheless, in 1990, due to pressures from several economy sectors, especially from the 
industry that complained about the Brazilian technological lag, the National Intelligence Program (PNI), 
among them the RNP – National Research Network, induced a series of economic changes. This national 
internet network infrastructure created by the Ministry of Science and Technology evolved beyond its 
originally academic scope to actually disseminating the network use in Brazil. Those actions motivated 
the economic opening of the market to external technologies that could be introduced in the country.

The Begin of the Computer Industry and 
the Artificial Intelligence in Brazil
Bruno José Souza 
Industrial and Systems Engineering 
Graduate Program – PPGEPS, Pontifícia 
Universidade Católica do Paraná 
(PUCPR), Curitiba

Roberto Zanetti Freire
Industrial and Systems Engineering 
Graduate Program – PPGEPS, Pontifícia 
Universidade Católica do Paraná 
(PUCPR), Curitiba, Polytechnic  
School – EP

Alessandro Zimmer
Guest Professor Computer Vision and 
Image Processing  
Technische Hochschule Ingolstadt, 
CARISSMA Institute of Safety in Future 
Mobility (C-ISAFE)

Artificial Intelligence
Parallel to the development of the computer industry and informatics, the study of AI started to be 
spread in the country from the 80s. The first theses about the topic are from UNICAMP. Initial 
approaches discussed about international researches about the machine learning abilities, the 
creation of heuristics to solve problems, the concept of non-monotonic logic and automatic game 
solving. Next came power systems applications, training of industry operators, voice recognition, 
geological identification focused on oil reserves, among others.2

In the industry, as stated before, the first applications started with the development of expert systems 
that made use of inference rules to issue alarms and warnings. In this context, systems focused on 
the reliability and safety were developed in Petrobras (Brazilian Petrol Corp.), being used in various 
applications, including the monitoring of proper processes in deep sea oil platforms.3 The southeast, 
northeast and southern regions of the country were the pioneers for the initiation and technological 
introduction associated with AI in the country, mainly due to the location of prominent universities in 
the area of computing and the geographic location of much of the industrial production that demands 
solutions taking into account the automation of processes and services.

Motivated by the opening of the international market for imports in the 90s, undergraduate and graduate 
courses focused on technology and computing involving the teaching of AI concepts and applications 
were created. In 1996 SOFTEX, (Association for the Promotion of Brazilian Software Excellence) was 
created to promote the competitiveness of the Brazilian Software, IT Services and Communications 
industry. Centers of excellence were created for software development in Brazil, one example was the 
International Center for Software Technology (CITS), created in Curitiba, which is an integrated institu-
tion for teaching, research, development and business in the area of information technology. CITS was 
created with the goal of accelerating the local socio-economic development, through activities related to 
staff training and qualification, research, development and extension aiming at the promotion of moder-
ni sation and business competitiveness. It hosted the first internet server for companies in the state of 
Paraná, from the signal provided by RNP. This was the beginning of the commercial internet in Brazil.

In the last decade, due to demand from the private sector and encouragement from the Brazilian 
government, research is being done on the application of technology and the creation of centers 
specialized in AI.4 Along with that in 2021 the process to create 8 Centers for Applied Research (CPA) 
in AI in the country was started with shared funding between the public and private sectors. The main 
focus of the initiative is to leverage technological development and innovation in the country involving 
AI. Still in 2021, the Brazilian government created the Brazilian Strategy for Artificial Intelligence 
(EBIA):5 an initiative aiming to contribute to the elaboration of ethical principles for the responsible 
development and use of AI, promote sustained investments in AI research and development, remove 
barriers to innovation in AI, train and educate professionals for the AI ecosystem, stimulate innovation and 
the development of Brazilian AI in an international environment, and promote a cooperative environment 
between public and private entities, industry and research centers for the development of AI. It can be 
noted that recent government initiatives and the inclusion of Artificial Intelligence within the country’s 
strategic development areas emphasize the importance of Artificial Intelligence for Brazilian society.

1  Cardi, M. L. Evolução da computação no 
Brasil e sua relação com fatos internacionais. 
Universidade Federal de Santa Catarina, 2002.

2  BDBTD. Biblioteca Digital Brasileira de Teses e 
Dissertações. Instituto Brasileiro de Informação 
em Ciência e Tecnologia (ibict). Ministério da 
Ciência, Tecnologia e Inovações (MCTI), 2022.

3  do Nascimento, F. A.; Guerra, F. A.; Coelho, L. S. 
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Engenharia de Confiabilidade. VIII Conferência 
Internacional de Aplicações Industriais, Poços de 
Caldas, Brasil, 2008.

4  MCTI. Ministério da Ciência, Tecnologia e 
Inovações (MCTI), Governo Federal. Disponível em: 
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diagramacao_4-979_2021.pdf], 2021.

Bibliography

P
A
S
T 

 
P

R
E

S
E

N
T 

 
F

U
TU

R
E



AI. Mobility. Science. 21Interview

Interview
Leticia Rittner
AI applied to Visual Computing and Image Analysis 
Universidade Estadual de Campinas (UNICAMP),  
Medical Imaging Computing Lab (MICLab),  
School of Electrical and Computer Engineering

Mateus Giesbrecht
System identification and sensor fusion 
Universidade Estadual de Campinas (UNICAMP),  
Medical Imaging Computing Lab (MICLab),  
School of Electrical and Computer Engineering

Andreas Schweiger
System Architect 
TOR Embedded RTS Development – TEYXI 
Airbus Defence and Space

Despite increasing government investments into AI-related R+D, both the German and the 
Brazilian side lament the current AI talent shortage. What are your ideas for addressing this 
issue?
 
  Leticia Rittner Two important aspects are funding and prospect. Especially in Brazil, governmental student 

grants are not competitive and, in some cities, are insufficient to live a reasonable life. And since a PhD 
degree does not seem to be perceived as a value-added element, at least in Brazil, the students’ prospects 
of being compensated accordingly are almost non-existent. Therefore, most students end up leaving the 
academic world as soon as possible and take the first job opportunity they get. Therefore, the government 
should introduce programs in order to motivate companies to subsidize the entire duration of studies, with 
the funded students being integrated in their future work force.

  Andreas Schweiger We need to develop our personnel such, that we meet future customer requirements 
fully. These will encompass functionality, which can be dealt with using AI technology only. We have to 
tailor existing and future degrees for bringing the latest AI technology from academia to industry. The 
industry has to convey their particular demands regarding AI to academia and students to enable the 
adjustment of study core areas. This is accomplished regularly by Airbus e. g. through supporting the first 
AI@motion Challenge und the AWARE+SHARE 2021 session.

Developing and feeding AI is incredibly costly for companies, regardless of their size or 
presumed importance. In this context, do you look favourably or critically upon the emerging 
AI networks between academia and industry?

  Mateus Giesbrecht We are totally favourable. On the Brazilian side, the costs related to human resources in 
academia are lower than in the industry. Besides, academia is an environment more adequate to blossom 
talents than the industry, due to the more diverse ambient and the possibility to tackle the problem in 
a focused manner. Furthermore, students feel much more motivated in pursuing graduate studies and 
conducting research when solving real-world problems. Is there a better place for them, to face tangible 
and meaningful challenges, as in a corporate ecosystem?

  Andreas Schweiger Since most of AI applications rely on training of the manifold types of neural networks 
using huge data sets, vast computing resources and hence time and budget are needed. Thus, we need 
to reduce the required training effort. Further, AI is not only about e. g. the detection of objects, but about 
adding semantics to these objects. Such issues can be dealt with only by joint research projects. This is, 
because academia brings the latest knowledge, which is directed towards the industry needs.
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A Short History of  
Artificial Intelligence (AI)

This article provides an overview of the fascinating history of Artificial Intelligence (AI) and is based 
on the chapter of the same name in the article “The Role of Innovation and IP in AI-Based Business 
Models” by Bader and Stummeyer (2019). 

A brief prologue on the past with fake AI 
When it comes to the beginning of AI, we have to look back over 250 years. Around 1770, Wolfgang 
von Kempelen, a civil servant at the Austro-Hungarian court, constructed and unveiled a machine that 
gave spectators the impression that it was playing strong chess against a human opponent on its own. 
The public believed in Artificial Intelligence – but in fact there was a human chess player hidden inside 
the device, who operated it by means of a sophisticated mechanism. The fact that the mechanical 
player was dressed like a Turk at that time, the machine was called Chess Turk or Mechanical Turk. It 
seemed like an Artificial Intelligence, but it was not. 

The birth of AI in the 1950s with Turing Test and Darthmouth Conference 
A test developed by Alan Turing in 1950 marks the real first timestamp in the history of newer AI. The 
Turing test evaluates a machine’s ability to exhibit intelligent behavior equivalent to, or indistinguishable 
from, that of a human. During the test, a human evaluator had to judge a natural language conversa-
tion between a human and a machine. If the evaluator cannot reliably distinguish the machine from 
the human, the machine is said to have passed the Turing test. This test was at first only a theoretical 
sketch. If the history of Artificial Intelligence is considered academically, the “Summer Research Project 
on Artificial Intelligence,” which took place in 1956 at Dartmouth College in Hanover, New Hampshire, is 
regarded as the birth of Artificial Intelligence. John McCarthy, the inventor of the programming language 
LISP, had organized a 6-week conference, which would later be referred to as the “Dartmouth Confer-
ence”. Besides McCarthy, the AI researcher Marvin Minsky, the systems theorist Claude Shannon, the 
psychologist Alan Newell, and in economics Herbert Simon (who would go on to win a Nobel Prize) took 
part in this conference (Buxmann and Schmidt 2019). All participants believed that intelligence could 
also be created outside the human brain. Also, they were inspired by Turing’s earlier question, “Can 
machines think?” Therefore, the group investigated the cognitive processes of human problem solving 
and decision making and attempted to develop systems to simulate this human way of thinking. Follow-
ing this conference, AI research received a lot of impetus as computers became faster and cheaper and 
the capacity to store data increased. Progress has also been made in the field of artificial neuronal net-
works. An example here is ELIZA, a program developed by Joseph Weizenbaum, which was supposed 
to show the possibilities of communication between a human being and a computer via human language. 
This makes ELIZA itself the forerunner of the Chatbots that we see today – and already then it showed 
the enormous potential of AI. This first phase of AI research around the middle of the 1950s to mid of 
the 1960s was characterized by euphoric expectations (Buxmann and Schmidt 2019).

Symbolic AI in 1960s and 1970s, follwed by a first AI winter
The expectations in AI were high. Projects in the period between the middle of the 1960s until the 
middle of the 1970s had a greater focus on practical and specialized programming, called symbolic 
AI. First, specialized “Expert Systems” were developed, based on methods for knowledge representa-
tion, as well as systems to interact through natural language (Mainzer 2019). Around 1970, Winograd 
presented a robotics program to manipulate shaped and colored building blocks (“world of toy blocks”) 
with a magnetic arm. The program could accept commands in natural language such as “Find a block 
which is taller than the one you are holding and put it into the box.” For this purpose, the building blocks 
with their properties and location information were represented in data structures (Mainzer 2019). Due 
to limited power of the computers in the 1970s, AI was subject to critiques and financial setbacks. 
Many AI researchers had failed to appreciate the difficulty of the problems they faced. Their optimism 
had raised high expectations but when it comes to execution, they could not deliver as promised. This, 
funding for AI disappeared, leading to the first AI winter. 

AI boom and expert systems in 1980s, followed by a second AI winter
After the first AI winter in the next phase from 1980 to mid-1980s, knowledge-based expert systems 
came to the fore; the first practical applications were promising. Delimited and manageable specialized 
knowledge of human experts, such as engineers and doctors, should be provided for everyday use 
(Mainzer 2019). These knowledge-based expert systems are AI solutions; they store the knowledge 
about a special field and can retrieve that knowledge. The systems can identify concrete solutions or 
provide diagnoses. In contrast to the human expert, the knowledge of an expert system is limited. It has 
no general background knowledge, no memories, feelings, or motivations, which can be transferred 
from person to person. For these AI systems, knowledge is the key factor in the representation of an ex-
pert system. It can be distinguished between two types of knowledge: knowledge of facts in the field of 
application, which are described in textbooks and magazines, and heuristic knowledge, on which judg-
ment is based, and any successful problem-solving practice in the area of application (Mainzer 2019). 
Around 1987 dozens of hardware and AI companies failed, the perception was that the AI technology 
was not viable and efficient enough, leading to the second AI winter (WIPO 2019). 

Optimism returns and AI becomes data-driven in the 1990s and 2000s
In the next phase of AI, beginning around 1993 after the second AI winter, optimism about AI returned. 
Thanks to Moore’s Law, the computational power increased, and memory capacity could be bought 
for a reasonable price, and thus AI became data driven. Important milestones were reached. In 1997, 
IBM’s DeepBlue beat world champion Kasparov at chess; 5 years later (in 2002) Amazon used auto-
mated systems to provide product recommendations. Moreover, in 2011, IBM’s Watson beat human 
champions at the TV quiz Jeopardy (Buxmann and Schmidt 2019).

The Present of AI with Machine Learning since 2012
During recent years, connectivity between devices – mobile and fixed – was a major driver for AI appli-
cations, leading to large amounts of data. This “big data” can now be processed, as cheaper and faster 
computers as well as advanced machine learning techniques were available now. As a result, AI can 
be successfully applied to many problems across the economy. Advances in deep learning with neural 
networks have driven progress and research in image and video processing, text analysis, and also 
speech recognition. In the area of mobility, Google developed the first driverless cars that navigate au-
tonomously back in 2012. Based on the high availability of computational power and memory, machine 
learning algorithms (e. g., based on neural networks) are now used successfully (WIPO 2019). The 
success story of AI will continue. 

Christian Stummeyer
Professor of Business Informatics and Digital Commerce 
Technische Hochschule Ingolstadt Institute AImotion Bavaria 
Scientific Director of Artificial Intelligence Network Ingolstadt gGmbH 
(AININ) 
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How does AI shape the future of mobility?

  Ana Paula Oening I believe that the development of AI will continue apace, with the techniques being used 
more and more in many different sectors. The boom in the development of autonomous systems and the 
popularisation of their use by the population encourages research and implementations of AI techniques 
in products and services. As demand increases, so does the search for solutions that can be applied in 
practice and bring gains for the population in general.

  Christian Lösel Smartening up with AI holds great potential for improving quality of life and breaking ground 
for new business models. In this context, AI speeds up many processes, in some cases considerably. 
Tomorrow’s mobility will be more autonomous, efficient and, last but not least, safer. Furthermore, AI 
tools not only permeate novel domains in all research areas – in turn, their application actually accelerates 
research on AI itself.

What will be the impact on overall traffic in metropolitan areas within the next decades?

  Ana Paula Oening Considering a long-term scenario, smart city development should become a reality in 
large urban centers. In Brazil, cities like São Paulo and Curitiba should be directly affected by the entry 
of mobility solutions. Route planning, transport flow optimisation, and remote monitoring of roads are 
examples of solutions that use AI techniques and help in the organisation and management of traffic in 
large cities. When considering metropolitan regions, the same solutions can and should be applied, since 
traffic in these cities is directly affected by that of large cities.

  Christian Lösel AI solutions enable traffic optimisation, increase road safety, reduce waiting times, and 
contribute to route optimisation with the help of traffic signals. Moreover, AI fosters modern infrastructure 
development as well as the diffusion of future and emerging technologies such as automated vehicles or 
novel mobility concepts. These technical developments accelerate infrastructure conceptualisations, e. g. 
regarding unmanned vehicles and aircraft for passenger and freight transport and their integration into 
the existing system. Within the Ingolstadt area, partners currently develop the CityAirbus, an autonomous 
vertical take-off cab drone. The same applies to autonomous road vehicles (cars and buses), which will 
complement our transportation system in a few years.

Interview
Ana Paula Oening
Researcher Power Systems 
Lactec, Brazil

Christian Lösel
Managing Director AImotion Bavaria,  
Technische Hochschule Ingolstadt 
Managing Director Artificial Intelligence  
Network Ingolstadt gGmbH (AININ) 
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Rota 2030: 

Motorcycle Detection in 
the Vehicle Blind Spot 
Using a Radar Sensor

Nowadays, series-produced vehicles are equipped with advanced driver assistance systems respon-
sible for helping the driver in order to promote more comfort and safety. The use of these systems is 
becoming increasingly common in developed countries. In Europe the European Parliament has made 
some of these systems mandatory in the production of vehicles from May 2022 – such as the automatic 
emergency braking.1 However, vehicles equipped with these features may have different reactions when 
operating in Brazil, since Brazilian traffic scenarios are different from other countries due to different traf-
fic laws, habits, and driving patterns, especially concerning the heavy motorcycles traffic on urban roads. 
Based on this, the multinationals Robert Bosch Ltda. and Fiat Chrysler Automobiles (Stellantis) together 
with the Facens University, the Aeronautics Institute of Technology, and the Technische  Hochschule 
Ingolstadt have joined forces in an applied research project in the area of vehicle safety, aiming to 
develop a system using radar sensors installed in cars – capable of detecting motorcycles in blind spots 
“driving in the corridors” of Brazilian urban roads, as shown in Fig 1. 

This project is funded by the Rota 2030 – a new Brazilian funding program that offers tax incentives to 
the automotive industry to invest in technological developments and innovations and in joint R&D pro-
jects with universities. The project named “Detecting motorcycles in the vehicles’ blind spot using radar 
sensors” was approved with the highest score in its funding line and with a total volume of approxi-
mately 260,000 euros, of which 155,000 euros are directly funded by the Brazilian Ministry of Economy 
and 105,000 euros correspond to the co-funding jointly invested by all partners. The experiments of the 
project are carried out both with the help of simulation and real tests with motorcycles and test vehicles 
in Brazil and on proving grounds in Germany (CARISSMA Institute of Automated Driving). Simulated 
and real tests complement each other in order to achieve academic and applied results which will be 
possibly implemented in the motorcycles detection system in cars developed in the Brazilian automotive 
industry.

What is the challenge in Brazilian traffic? A notable characteristic of Brazilian traffic scenarios is the 
presence of motorcycles driving in a usually aggressive manner between vehicles while lane splitting. 
In Brazil, this practice is known as “driving in the corridor”, which is formed between two traffic lanes, 
and is already ingrained in the culture of Brazilian motorcyclists, who seek to reduce travel time by 
taking advantage of a possible gap between vehicles, often with minimal space for such. For those 
who have never been to Brazil, it may not be so easy to imagine this scenario and its consequences. 
However, these practices can lead to serious accidents. While motorcycles are driving in the corridors, 
vehicles that are changing lanes frequently collide with motorcyclists. This fact was verified by a survey 
conducted in 2018 by the Ministry of Transport, Ports, and Aviation, in Brazil, which shows that 53.7 % 
of traffic accidents are caused by driver recklessness, with 30.3 % disrespecting traffic laws and 
23.4 % due to driver inattention.2 Furthermore, according to the official Brazilian information systems 

Figure 1: Motorcycles “driving in the corridor” in a typical Brazilian traffic scenario. © Alf Ribeiro

Pietro Lo Presti Campos
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Centro Universitário Facens, Sorocaba

Fabio Reway
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Figure 2: Bounding box generated by the RSS model, which determines a critical area. © Facens
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on mortality and hospitalisation, 2,492 out of a total of 28,995 (8.6 %) road deaths were motorcyclists 
in the year 2000. This number increased dramatically 18 years later when 11,479 motorcyclist fatalities 
occurred out of total of 32,655 (32.7 %) road deaths.3 Although, driving in the corridors is allowed in 
accordance with the Brazilian traffic law4 and drivers have a great responsibility in maintaining traffic 
safety. 

How is the project developed and how is it helping to solve this problem? The project’s initial approach 
consists of cataloguing critical traffic scenarios involving motorcycles in the corridor based on reports 
of accidents that have occurred in the city of Campinas, in the state of São Paulo, Brazil. The goal is to 
understand the conjuncture of these accidents and to collect information describing the main locations 
and types of accidents that occur on urban roads. In this way, it is possible to recreate the scenarios 
and events that preceded these accidents up to the moment of impact in automotive simulation 
software, such as, for example, CARLA Simulator.5 The use of simulation allows us to understand 
from which moment a scenario becomes critical based on the detection results of other vehicles 
and vehicle dynamics parameters (among others longitudinal and lateral speed, distance between 
vehicles and driver reaction time). This analysis is based on Responsibility-Sensitive Safety (RSS), a 
mathematical model developed by Mobileye, which formalizes human notions of safe driving using a set 
of mathematical formulas and logical rules that are transparent and verifiable.6 This model also allows 
estimating, in real-time, the criticality of a current scenario using radar sensor information combined with 
vehicle information, as shown in Fig 2.

In the simulation, the outcome of scenario criticality depends on the quality of the radar sensor models 
implemented, as these can describe a motorcycle even too ideally or unrealistically compared to mo-
torcycle measurements with real sensors. To establish a new state of the art of radar sensor modelling, 
the project aims to develop a radar model based on Artificial Intelligence using generative models. 
This enables the generation of radar signatures of motorcycles as realistic as possible with the help of 
simulation. The radar signature of an object can be described by the Radar Cross Section (RCS) which 
measures the intensity with which an object can reflect electromagnetic waves. For example, a person 
has an RCS of approximately 1dBsm, while a motorcycle has an RCS between 10 and 15 dBsm and 
trucks around 30 dBsm.7 In other words, the larger the surface area of a target and the greater the abil-
ity of its materials to reflect electromagnetic waves, the greater its RCS. Since the RCS values differ 
for different types of vehicles, this information is essential for the detection of a motorcycle in the blind 1  Council of European Union (2019). Council 

regulation (EU) no. 2019/2144. http://data.
europa.eu/eli/reg/2019/2144/oj.

2  Ministério da Infraestrutura, “Estudo aponta 
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2018 [Online]. Available: https://www.gov.br/
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3  M. H. P. d. Mello Jorge, A. dos Anjos Couto and P. 
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XXI, Sao Paulo: Associação Brasileira de Medicina 
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9.503/2019), Brazil, 2019. 
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Figure 3: Left: Real motorcycle with measured RCS values. Right: Virtual motorcycle with simulated RCS values. © Facens
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spot and its differentiation from other vehicles and objects. The characterization of real motorcycles is 
done in the scope of this project, as shown in Fig 3, by performing real tests. Similarly, the character-
ization of the virtual motorcycle occurs by creating a 3D model from a real motorcycle, also shown in 
Fig 3, using raytracing-based algorithms to generate RCS values consistent with reality. The results are 
used to develop detection and tracking algorithms for motorcycles in radar measurements using real 
and synthetically generated data.

Besides this characterization, the project is about estimating the limits of detection of a motorcycle by 
a Bosch radar sensor installed in a car in different situations. It is necessary to understand in which 
scenarios the sensor is efficient to detect motorcycles in the corridor and when its performance starts 
to degrade according to the complexity of the situation, such as the presence of noise from other 
detected vehicles and the separability of the motorcycle from clutter. Then, knowing how a motorcycle 
can be properly measured by radar, it is possible to develop algorithms for motorcycle detection and 
tracking. These algorithms are necessary to measure their distance and speed based on data acquired 
in an instant of time, when a motorcycle is detected by the sensor. They also can estimate these values 
precisely, when it is briefly in an undetectable area. In this way, it is possible to keep the driver con-
stantly aware of his/her surroundings in an appropriate manner so that an accident can be avoided.
The partners will integrate the results achieved over 2 years of intensive research – from early 2021 
to end 2022 – and demonstrate it in the form of a prototype: a driver alert system integrated into a 
test vehicle, both in software and hardware. This system will be validated by the Brazilian automotive 
industry from 2023. The result is a promising road safety system that is being developed specifically for 
the Brazilian traffic scenario but could potentially be adapted to other countries with similar motorcycle 
traffic in urban roads. This project incorporates international research and development know-how in 
various areas that are explored innovatively in a partnership between major companies and university 
research in Brazil and Germany.
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Interview
Christian Facchi
Research Professor for Cyber-Physical Systems,  
Head of THI Graduate Centre 
Member of the German Council of Science and Humanities 
Technische Hochschule Ingolstadt, CARISSMA Institute of 
Electric, Connected and Secure Mobility (C-ECOS)

What safety measures are conceivable, feasible and affordable for motorcyclists in world’s 
major metropolitan regions? 

  Ariane Hinça Schneider Within metropolitan regions, the number of motorcycles grows much faster than 
other means of individual transport. On the one hand, motorcycles beat urban traffic due to their agility 
and because they are relatively cheap to buy and run. On the other, motorcycles are more likely to be 
involved in serious accidents. According to Porto Seguro Insurance Company the rates of traffic accidents 
caused by motorcycles in São Paulo State (2019) hovered around 80 %. Above all, if an accident actually 
happens, a motorcycle is much less forgiving than a car. Thus, safety measures for a safer ride should 
comprise: (I) ABS brakes, (II) emergency brake alert, (III) traction control, (IV) inertial measurement unit, (V) 
LED and directional headlights.

  Christian Facchi Especially in major metropolitan regions, motorcycles can easily keep moving where cars 
stand still in traffic jams. Furthermore, the lower weight of motorcycles results in less fuel consumption, 
emissions and wear and tear on the road itself. However, these advantages imply high risks for motorcyclists. 
Due to the absence of an external protection that an enclosed vehicle provides, we classify motorcyclists 
as so-called vulnerable road users. For those, only a reduced set of safety measures can be applied. In 
particular, adopting vehicle to x communication techniques can help to exchange information between traffic 
participants. Providing relevant information such as visible scenes like looking around the corner, a plethora 
of safety applications usable for cars can be adapted to motorcycles.

Can AI-based safety systems be transferred as future learning technologies between different 
cultural environments, such as between Germany and Brazil? 

  Ariane Hinça Schneider AI is omnipresent in our lives, influencing products and services used in everyday 
habits. Automobiles are an example positioned at the forefront of technological development. Nowadays, 
vehicle technology based on AI enables the generation of a large amount of data and information in a short 
period, thus fostering knowledge and understanding about new (safety) technologies and user experience. 
This trove of knowledge can in turn even more support car manufacturers, researchers from academia and 
policy makers by an exchange between these relevant sectors as well as the Brazilian and the German 
market. 

  Christian Facchi Most AI-based safety systems are using machine learning techniques. Their quality strongly 
depends on the data of the training phase in an environment, which might be culturally different. I am thinking 
in particular of risk perception and trivialisation, extroverted driving orientations and the perception of traffic 
signs or rules. Therefore, an additional training phase of these systems is indispensable.
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Artificial Intelligence 
Inspired by Human 
Learning

For many people Artificial Intelligence (AI) is a technology that is hard to grasp and has something 
magical. An intelligent system, maybe one day as intelligent as human beings, can be a scary vision 
of the future. I fully agree that it is hard to imagine a system that can think and learn as we do. In 
this article, we will demystify AI and see if we can break it down to a hopefully simple mathematical 
formula. But first, we need to clarify some terminology. When people speak about AI, they actually 
speak about machine learning. AI is a big field, that also includes robotics. What Google, Amazon, 
Microsoft, Tesla and all the big players do, when they advertise it as AI, is called machine learning. 
In the field of machine learning, we let a computer detect some specific patterns within a given set 
of training data and use these patterns later on to search for the same patterns in new, unseen data. 
There are plenty of methods to motivate a computer to search and remember these patterns. The 
one that is currently discussed most, are so called Neural Networks. Although Neural Networks are 
inspired by the human brain synapses, they have not much in common with their complexity. In the 
naming convention of machine learning, we call these single cells Perceptrons. A single Perceptron is 
not more than a simple linear regression function (i.e. a linear equation with one parameter to adjust 
the slope and one for the bias of each term in the equation) and a nonlinear activation function. By 
changing the slope and the bias, we can create whatever line we want. And this is what a learning 
algorithm does. The machine learning algorithm adjusts these parameters so that the line fits the 
training data by using optimization techniques. Simple as that. So where is the complexity coming 
from? The genuine thing is that we can stack these Perceptrons parallel and in sequence so that the 
output of one Perceptron is becoming the input of the next one. If we do this a lot of times, it is called 
Deep Learning! So, breaking it down, Artificial Intelligence is just a combination of linear equations, 
followed by nonlinear functions. A whole deep learning network could be written down as a huge 
formula, with millions of parameters (slopes and biases) that have to be optimized by the algorithm. 
And that is exactly what is done when we speak about machine learning. We take data and try to 
adjust all the parameters to receive a multidimensional function that fits the data best. Of course, 
in addition to this basic principle of learning, a lot of adjustments and improvements have been 
developed by thousands of researchers across the globe for the last decades. But honestly, there is 
no magic involved, just math, statistics and programming.

The ways we motivate machines to learn are inspired by the way how humans learn and can roughly 
be divided into three groups. Let a toddler help us understand the different ways of learning:

Supervised Learning
Our 1-year old toddler is already very jittery, she loves looking at picture books. Her favourite is the 
one with the cute farm animals. We open the book together and tell her: this is a cow, and that is a 
little pig. And we are going to repeat that day by day, looking at different cows in plenty of books, 
other toys or even real ones. And every time the toddler sees a cow, we tell her that this is a cow. After 
some time, we can observe that when asking “show me the cow”, she is able to point it out.

In machine learning this is called supervised learning. We show a data example and provide a label 
with it, e. g. a picture of a cow and the label “cow”. In order to learn to detect all cows and not only the 
one in the picture, we have to provide different examples with different colours and in different envi-
ronments. Our learning model should be able to generalize from the examples to the general concept 
or patterns of a cow. In our example, we provided some classes of objects to detect, which is thus 
called a classification problem. In the same way, we can solve regression problems by providing exam-
ple data together with some numbers as label. This allows us to set a prognosis. To give an example, if 
I ask you how much a new standard computer costs, you might be able to roughly estimate the price. 

Torsten Schön
Research Professor for Computer Vision for Intelligent Mobility Systems 
Technische Hochschule Ingolstadt, Institute AImotion Bavaria

© Liderina, iStock
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Unsupervised Learning
Tired from so many books, our toddler needs something more exciting, jumps up and crawls down to 
play with the building blocks. She loves all the different colours and shapes. After a while, she starts 
sorting all the green ones to her left and all the red ones to her right, the yellow bricks stay in the mid-
dle. We hand her a green sock. Self-evident, she puts it to the green bricks to her left. Although the 
sock is of a different shape and structure, she knows that it fits into the same category as the green 
bricks, as they have at least the colour in common.

When sorting different data by its similarity without a provided label as with supervised learning, it’s 
called unsupervised learning. Same as our toddler, the machine learning algorithm tries to find similar-
ities between the single examples and although it has no idea what these examples mean, it can still 
find out which ones of them are more related to one other. Providing a new example, the trained model 
can determine to which of the groups it fits best. Typical use cases for unsupervised learning are cus-
tomer segmentations or setting up news groups with the same content.

Reinforcement Learning
Our toddler is really great in crawling, but unfortunately, she has no hands free to carry her toys while 
crawling. Maybe this is why the adults do it differently and only use their feet? Let’s give it a try. She 
pulls herself up on the side table and moves her left leg forward. Ouch, falling down on the ground 
hurts a lot. So she is trying and falling again, oh dear. After plenty of tries, she manages to take her 
first step! Be aware that we didn’t tell her how to do it. We did not tell her to move her leg up by 5 
centimetres, then bend her knee by 30 degrees, put the upper body forward etc. She was trying on 
her own to control her body in order to achieve a defined goal. To evaluate if her tries where good or 
bad, she received feedback from her environment. When doing it wrong, she fell on the floor, so next 

time she tried it a bit differently until she managed to find a strategy that brought her one step forward. 
In the context of machine learning, this is called reinforcement learning. We define a given goal, often 
to a robot or a virtual agent, and the agent tries different strategies until it reaches the goal. The most 
important thing we need to do in reinforcement learning, is to provide positive or negative feedback 
to the agent. Whenever the agent performs some action within the environment, this action is giv-
en a score. The agent manages a kind of table where it stores what action on which environmental 
condition led to a good or bad score. If we succeed in finding a well-balanced scoring function, the 
agent starts to improve until it manages to reach the desired goal. If this table is replaced by a neural 
network, we also use the term Deep Reinforcement Learning, which got famous by DeepMind beating 
the world champion in Go. 

Conclusion
We see that training machine learning models has a lot in common with how humans learn, which is 
not that surprising as humans are developing these models. But if these Artificial Intelligences are 
only huge mathematical functions, why do so many people, including domain experts, warn to regu-
late them? We observe that when growing these models by making them deeper and deeper, they 
are more and more able to generalize. Latest speech models are able to take arbitrary questions and 
provide correct answers to the questions given in natural language. We train them to imitate human in-
telligence. Imagine a model which can imitate that intelligence so well that we won’t be able to distin-
guish it from human intelligence. Would this be a general Artificial Intelligence, or still just an imitation 
of it? This raises the question, what intelligence is in general and what makes a human more intelligent 
than a frog? Is it just the size of the brain, or maybe it’s specific structure, or the computation power 
it can take? No matter what’s the key, if we could decode a human brain and build the precisely exact 
same thing artificially, it should be as intelligent as a human brain, or not? Unfortunately, or fortunately, 
we have no answer to this question until now. Actually, we still have some time to find one, as models 
which generalize in a way humans do and which have the same computational power as human brains, 
have still to be developed. The one question remains and is up to you to answer: is our brain just a 
huge mathematical function approximator as Artificial Intelligence, or lies some magic within?

© AaronAmat, iStock
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Video about the topic: 
youtu.be/DnMsgu9ytLI
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Interview
Nicolai Harnisch
Project Manager Technology 
Bayern Innovativ, Nürnberg

Does AI learn faster than humans? How can we capitalize on the specific learning modes of 
learning of humans and AI?
 
  Sigmundo Preissler Junior Due to large processing and storage capacity coupled with high computer 

network performance, it is possible that AI algorithms can learn faster than humans. Even though machines 
can take in and process certain kinds of information much faster than humans, they still lack emotional, 
creative and innovative abilities. Therefore, regarding social behaviour, creativity and decision-making skills, 
humans are still going to outsmart AI.

  Nicolai Harnisch You may argue that AI learns faster than humans but differently. While it takes humans very 
few attempts to perform a certain task, AI requires large amounts of exemplary data to do so. However, AI 
is capable of processing them in a much shorter time in comparison to humans. Also, AI excels at finding 
patterns in complex and large amounts of data, which often remain hidden to humans. Thus, whenever 
large amounts of data, unmanageable for human brains, are involved, that is where AI displays its potential.

Regarding analytical capacities – Where do you locate constraints and limitations inherent to AI?

  Sigmundo Preissler Junior In the first place, main constraints in the field of analytical decision making 
correspond to the available knowledge on the subject. Further limitations to be included in this analysis 
are the ability to include speed and purpose into future decision-making. Analytical capacity is not only 
rooted in data and sequence of rules, but also in certain skills such as abstract reasoning, complex social 
structures, resourcefulness and the paradigm that we generally describe as “sensitivity”. It is exactly these 
abilities that set us humans apart from robots.

 
  Nicolai Harnisch Any AI application is only as good as the data it is trained on. For AI to really be beneficial, 

we need to provide high quality and quantity of data, free from biases. On the other hand, any output 
created by AI is always only a statistical approximation of reality with a certain margin of error. Especially in 
safety-critical areas such as road traffic, there are increased societal demands in the validity and reliability 
of the decisions made by AI.
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Video about the topic: 
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AI-Methods in Forensic 
Accident Analysis

Abstract
The method of visual correlation between the extracted system camera and sensor (fusion) data 
and a very precise 3D accident scene image leads to a significant improvement in the accuracy and 
informative value of a scientifically based accident reconstruction and demonstrates the necessity of 
standardized recording of system camera data within the framework of a future obligatory EDR (Event 
Data Recorder). The integration of Artificial Intelligence/computer vision methods such as SLAM 
(simultaneous localisation and mapping) promises a boost to innovation.

Introduction
The method of visual correlation between extracted system camera and sensor (fusion) data and a very 
accurate 3D representation accident scene image presented in this publication is based on the prelimi-
nary work of Kolla et al.1 and Moser and Burg2. In this context, a very precise 3D accident site measure-
ment is understood to be a state-of-the-art accident site measurement using 3D photogrammetry (e. g. 
with the aid of drones or (tripod-) cameras) or laser scanners. In the meantime, accuracies of about 
±1 cm are possible for common accident site dimensions. In the future, it can be assumed that due 
to the necessity of providing partially similar or even more accurate dynamic 3D maps for automated 
driving functions, it will be even easier for accident analysts to access very accurate 3D data (see also 
reference 3). 

When and to what extent the established software tools for 3D photogrammetry such as Agisoft 
Metashape or RealityCapture will additionally face competition from software solutions from large 
IT players such as Google or Apple in combination with corresponding hardware (e. g. mini laser 
scanners in tablets or smartphones) for this area of application is not fully predictable.

This work shows that by using the visual correlation method, the original methods of Kolla et al.1 and 
Moser and Burg2 can be accelerated and increased by the accuracy information of the sensor fusion 
data if the sensor set is intact. By using this method, the remaining digital traces can be verified at the 
same time. Furthermore, in case of an incorrect sensor calibration or of sensor degradation, this method 
offers the possibility to detect such sensor problems in the context of forensic accident analysis. It can 
thus be demonstrated that the presented method significantly improves the accuracy and validity of a 
scientifically based accident reconstruction. That system camera data should therefore be taken into 
account as a standardized data point within the framework of a future obligatory EDR.

Theory on the method of visual correlation between sensor fusion data and 3D 
accident site measurement
Basically, the developed method of visual correlation between sensor fusion data and 3D accident site 
measurement is based on the preliminary work of Kolla et al.1 and Moser and Burg2. In addition to the 
reconstruction of the vehicle dynamics data of a vehicle recorded on a video and the calculation of a 
virtual representation of this vehicle, another layer is added. The procedure is visualized in Figure 1.

In contrast to the methods presented by Kolla et al.1 and Moser and Burg2, system camera data of the 
ego-vehicle is used as a basis and not CCTV or dash cam videos. The aim of this method is to visually 
generate a comparison between what the vehicle saw during the course of the accident and what was 
actually present based on the objective trace situation.

The system camera data is first optically corrected for lens distortion in the same way as CCTV or 
dash cam videos. A hybrid (composite) video file is then generated from this rectified video material 
using the VKM (volumetric kinetic mapping) method shown by Kolla et al.1 in which the virtual model 
is superimposed on the object visible in the video. In addition, another virtual model of the tracked 
object is integrated into the hybrid video, based on the sensor fusion data that the ego-vehicle has 
detected. This method provides two benefits. First – with a working sensor set of the ego-vehicle, the 
additional data used increases the achieved accuracy compared to the iterative approach of Kolla et al.1. 
Second – incorrect sensor calibrations or sensor degradation can be detected easily because of the 
recognizable deviation between the virtual model and the object in the video. 

Klaus Böhm
Professor for expert engineering  
and vehicle composition  
Hochschule für angewandte 
Wissenschaften München, Department 
of Mechanical, Automotive and 
Aeronautical Engineering

Daniel Paula
Research Assistant, forensic 
investigation of the activities of 
advanced driver assistance systems  
in the case of a traffic accident 
Technische Hochschule Ingolstadt, 
CARISSMA Institute of Electric, 
Connected and Secure Mobility  
(C-ECOS)

Thomas König 
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Connected and Secure Mobility  
(C-ECOS)

Robin Langer
Research Assistant, Development 
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regarding autonomous driving 
Technische Hochschule Ingolstadt, 
CARISSMA Institute of Electric, 
Connected and Secure Mobility  
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Maximilian Bauder
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Technische Hochschule Ingolstadt, 
CARISSMA Institute of Safety in  
Future Mobility  
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Hans-Georg Schweiger
Research Professor Battery Systems, 
Head of CARISSMA Institute of Electric, 
Connected and Secure Mobility (C-ECOS) 
Technische Hochschule Ingolstadt

Figure 1: Schematic workflow of the method of visual 
correlation between sensor fusion data and 3D accident site 
measurement based on reference 1. © THI
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A first proof of concept was carried out in cooperation with FSD Fahrzeugsystemdaten GmbH 
regarding a static view of a pylon in front of a modified VW Passat. The test setup is shown in Figure 2.

The test vehicle used, a VW Passat with a system camera installed as standard in the upper centre 
of the windscreen and a front radar in the centre of the front of the vehicle, was supplemented on the 
test side with a lidar sensor in the lower area of the front apron on the left and right. Furthermore, it is 
possible to access the respective raw sensor data and the processed object data in the test vehicle 
used. Through a targeted decalibration of the lidar sensor at the front right, the pylon, which in reality 
only exists once, appears twice. The ghost object – the additional pylon that was falsely detected by 
the system – can be easily identified visually by its position outside the intersection points of the white 
marking lines, seen in Figure 2. The real pylon was positioned exactly in the intersection point.

To verify the performance of the method also in a dynamic test setup, the following scenario was 
chosen. A VW Passat drives towards the test setup. The results is shown in Figure 3.

1  E. Kolla, J. Ondruš, and P. Vertaľ, “Reconstruction 
of traffic situations from digital video-recording 
using method of volumetric kinetic mapping” The 
Archives of Automotive Engineering – Archiwum 
Motoryzacji, vol. 84, no. 2, pp. 147–170, 2019. 
[Online]. Available: http://www.aaejournal.
com/Reconstruction-of-traffic-situations-
from-digital-video-recording-using-method-
of,110229,0,1.html.

2  A. Moser and H. Burg, “Bestimmung der 
Fahrzeuggeschwindigkeit aus Videobildern und 
Laserscanner Daten in PC-Crash” in Proceedings 
annual congress EVU 2017 Haarlem NL.

3  atlatec, High Definition Maps for Autonomous 
Driving and Simulation – atlatec. [Online]. 
Available: https://atlatec.de/de/ (accessed: 
Aug. 9 2021).

4  FSD Zentrale Stelle nach StVG (2019), Ed., 
Präsentationsstand: ‚Umfeldsensorik-Prüfen 21‘ 
VdTÜV/DEKRA: Sachverständigentag (SVT), Berlin, 
Feb. 2019.

EDR   event data recorder
CCTV  closed circuit television
SLAM  simultaneous localisation and mapping 

VKM  volumetric kinetic mapping
VRU  vulnerable road users
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AbbreviationsSince the calibration tensors, especially of the sensor systems lidar and radar, are known and freely 
accessible, they can also be changed manually and thus targeted incorrect calibrations can be carried 
out. In the example in Figure 3, this incorrect calibration leads to the second virtual VW Passat model 
(shown in red), which represents the information obtained from the sensor fusion data, deviating 
significantly from the vehicle reconstructed from the system camera data (shown in grey). 

Humans have a highly developed optical sense with corresponding resolution and evaluation 
capabilities. By means of the visual method described above, it is therefore easy for even a technical 
layman, as is usually the case with lawyers and judges involved in legal proceedings, to visually 
comprehend that the sensor set of the ego-vehicle has squinted. In the concrete test scenario, this 
means that the tracked VW Passat was seen by the system in a different position than it actually was. 
This can have corresponding effects especially on automated driving functions and their contribution to 
accident causation. 
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Figure 3: Preliminary results of the dynamic test setup. © THI

Real Vehicle – fully identical with 1. virtual VW-Passat-Model

virtual VW-Passat-Model = representation of sensor (fusion) data 

Figure 2: Proof of concept with a static 
test – due to an incorrect calibrated lidar 
sensor at the front right, the pylon, which 
only exists once in reality, is seen twice 
by the vehicle – real pylon on the right and 
ghost object on the left.4 © THI

Based on this, avoidability considerations can also be made based on a correct calibrated sensor 
setup. To be able to do this, further test series on the accuracy of the demonstrated method of visual 
correlation between sensor fusion data and 3D accident site measurement would be necessary.
The method presented is very time-consuming. Since the generation of object data from videos (in 
particular the determination of the complete dynamic driving state of an imaged vehicle) is a problem 
from the scientific field of computer vision, new automated or AI-based approaches from this field can 
also be used. The application of SLAM (Simultaneous Localisation and Mapping) algorithms in particular 
promises a significant time reduction in the evaluation of the underlying system camera data. This 
method can be applied analogously to dash cam videos. Up to now, the application of SLAM algorithms 
to system camera or dash cam data has not yet been scientifically solved and requires further research. 
The planned test series will also be used for this work, with several common dash cams and at least one 
360° camera being installed in the test vehicle in addition to the installed system cameras. The 360° 
camera offers the advantage that it is completely determined with regard to the external orientation (six 
DOF) in contrast to the other cameras and can therefore serve as a reference in this area.

Outlook
On the basis of the tests carried out in connection with very profoundly analysed real accidents, it 
can be deduced that the event-based recording of system camera data can also clarify the movement 
behaviour of VRU (vulnerable road users), in particular during the accident much more precisely than in 
the case without video material. 

Furthermore, objects or vehicles, that are not actively involved in the collision, can be taken into 
account. This is particularly important in the case of dynamic sight obscurations as well as during 
reeving and push-off manoeuvres without contact.

In addition, it should be noted that the developed method can also be used to clarify unusual 
scenarios that were not previously considered by explicitly recording data points, for example within 
the framework of an EDR concept. An example of this would be a person falling from a scaffold in 
front of a passing car. Without a corresponding video recording, the sensor data would suggest that 
the person suddenly came out of the woodwork. The developed method makes difficult physical facts 
more comprehensible to technical laymen. In principle, the method demonstrated can also be applied 
to video material from dash cams, although there is still a need for research here with regard to the 
most accurate synchronisation possible with the sensor (fusion) data extracted from the vehicle. The 
inclusion of Artificial Intelligence methods such as SLAM, promises a considerable acceleration of the 
application procedures in accident analysis.
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Interview
Ketlen Possoli
Scholarship holder at Technische Hochschule Ingolstadt, 
passive vehicle safety 
Universidade Federal de Santa Catarina (UFSC), 
Laboratory of Applied Robotics

Accident research contributes to improving vehicle and traffic safety by determining the 
causes of an accident. Besides, a systematic accident analysis can help to clarify issues. AI 
opens up new possibilities, in particular with regard to forensic accident investigation. How 
can we exploit this potential?

  Ketlen Possoli With the rise of technology, we have more information from street cameras, sensors and 
on-board computers. The larger the data, the easier it’s to model AI to find patterns that were previously 
hidden. With the use of AI it is also possible to make more real simulations of how materials behave in 
certain situations, making new projects safer. Whether as a way to prevent accidents or decrease their 
impact in humans, working with this data will help us to improve road safety.

  Prof. Dr. Hans-Georg Schweiger At THI, professors and junior scientists alike tackle this challenge. For 
instance, within the BMBF-funded project SAFIR (Safety for all – Innovative Research Partnership on 
Global Vehicle and Road Safety Systems), our research group employs AI methods in order to assess 
automated vehicle accident causes. In this context, AI analyses data generated by vehicle sensors to 
determine whether driver or vehicle were responsible (or not) for an accident. Concerning so-called 
vulnerable road users, machine learning algorithms simulate and detect collisions between pedestrians 
and automated vehicles. Furthermore, our CARISSMA hackbot sets up a highly innovative research field 
through automated penetration of vehicle systems with the aim to identify IT security vulnerabilities, and to 
develop adequate countermeasures.

The increasing electrification of vehicles currently poses new challenges, such as the 
tracking of supply chains for battery cells or the recycling and re-use of batteries. What are 
novel approaches and major challenges?

  Ketlen Possoli When the end of life (EOL) arrives, the parts and products should be reused, remanufac-
tured or recycled to avoid waste. The “cradle to cradle” idea emerges as a provocation where the central 
idea is that resources are managed in a circular logic of creation and reuse. Given that electric vehicles are 
relatively new to the market, currently only a small number of them are getting closer to EOL. However, as 
electric vehicles become more common, the battery reuse/recycling market will have to expand to prevent 
hazardous materials from becoming waste.

  Prof. Dr. Hans-Georg Schweiger Block chain technology is particularly crucial to maintain the integrity of 
information on the one hand and research and development process of battery material, cells and the 
battery system on the other. Similar methods are used in battery system applications in order to assess the 
identity of batteries and to verify the validity of data stored in battery management systems. This procedure 
ensures safety, a long life span as well as remaining the value of battery systems throughout their entire 
lifecycle. A major challenge, in particular concerning post-lithium-batteries, is to guarantee the safety of 
rescue workers. In light of this, a novel approach is to develop AI methods that detect safety hazards in 
battery systems to warn firefighters or ambulance staff on the scene.
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Abstract
Blockchain technology has been recognized as one of the most promising technologies in industrial 
applications. There are a variety of possible applications such as supply chain tracing, creating digital 
twins, digital platforms for battery swapping, tokenization and a focus on the second life and recycling 
market. This research proposes a study of possible blockchain applications in the battery area, present-
ing the main characteristics and applications that can be developed, while discussing the technical and 
economic aspects that impact the technology.

Keywords: Second use; Reuse; Lithium-Ion Batteries; Second-Life Batteries; Blockchain; Energy; 
Electric vehicles; Supply Chain.

Introduction
The rapid advancement of energy storage technologies, in particular lithium-ion batteries (LIBs), has 
boosted the insertion of electric vehicles (EVs) in the market. The adoption of EVs has numerous 
advantages, the main one being the zero emission of pollutants through the exhaust. However, the high 
cost of acquiring and replacing batteries is still the main challenge to be overcome in the coming years. 

Several companies have bet on the second life battery market as a way to reduce the cost of batteries, 
increase their revenues and generate customer value. Second-life batteries are batteries that were 
used in a first application and that are reused or reused in a less demanding application.1 Generally, 
they are batteries that were used in EVs and that after a time interval that can vary from 8 to 12 years, 
are removed from the vehicles and reused in short-range vehicles, electric forklifts, electric tools, peak 
shaving, among others.2-6

Batteries must also meet environmental, safety and performance requirements. Battery data can be 
used to ensure that batteries are safe and perform as expected in a particular application. This informa-
tion can be recorded on a blockchain-based platform in a secure, immutable, and auditable way.7

The battery supply chain begins with the extraction and processing of raw materials. Information about 
the raw material is essential to avoid the exploitation of child labor, corruption, soil contamination and 
extraction company employees. Relevant data are origin, quality, mining company, storage conditions, 
number of interruptions and delays in raw material delivery, supplier capacity, among others. Digitizing 
this data is essential to prevent battery tampering, prevent batteries from being disposed of in 
inappropriate locations without a person responsible for recycling them, and track responsibility for the 
use and recycling of batteries.

Predictive battery maintenance is also a very relevant aspect. Several companies have business 
models based on both the sale of the product (e. g. battery) and the sale of a service, which can be 
the maintenance service for these batteries. The competitive market and the crisis caused by the new 
coronavirus pandemic (Covid-19) accelerated the companies’ digitization process in order to reduce 
costs, reduce battery maintenance time and avoid maintenance without prior scheduling.

Battery manufacturers recommend that batteries be inspected when they reach a certain number of 
cycles, operating time or according to the number of miles travelled by the vehicle. However, recent 
studies show that this process is not efficient and requires to frequently maintain the battery before or 
after the ideal time. 

Maintenance tasks can be time-consuming, costly and require a high number of specialized labour. 
Generally all verification tasks that are performed on the batteries are documented manually using 
pen and paper. Blockchain technology can automate this type of tasks, allowing the traceability of 
components and subcomponents of that system, as well as facilitating the auditing of these activities.
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Figure 1: Digital twin of the battery. Source: Adapted from reference 8.
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Blockchain-based systems 
The first system that is in the process of devel-
opment permits to create and trace one digital 
twin of each battery. The digital twin is a model of 
a real system, in the digital world, whose status 
follows the status of the physical counterpart (see 
Figure 1). The creation of this digital twin will con-
tribute to real-time predictive battery maintenance, 
real-time battery monitoring, root cause estima-
tion, and the possibility of using machine learning 
algorithms to pattern recognition in the data. 
The digital twin requires traceability in order for 
recollecting the whole history of the battery, even 
along different actors: manufacturer, distributor(s), 
owner(s), maintainer(s).

Another blockchain-based platform is being developed with the aim of serving the battery swapping 
business model. This business model aims to eliminate the range anxiety of EV owners, enabling them 
to use their vehicles until the battery is close to discharge. After that, he goes to a battery exchange 
station that will replace his battery with a battery with similar conditions, but fully charged.

Blockchain technology can inhibit opportunistic behaviour on both sides enabling this type of business 
model. As shown in Figure 2, this platform is composed of three actors who are the EV owner, the 
battery exchange station and the battery manufacturing company. The blockchain network is intended 
to track and store information about the battery such as charge status, health status, voltage, current, 
charge and discharge peaks, number of cycles, frequency of alerts, and temperature. This information is 
useful to decide which of the proposed batteries is suitable for the swapping procedure.

Finally, a blockchain-based platform for supply chain tracking is being developed (see Figure 3). 
This platform has several network participants, such as: raw material supplier, certification bodies, 
government agencies to grant incentives or to punish companies that do not meet environmental goals, 
battery manufacturers, vehicle manufacturers, logistics companies, recycling companies and systems 
integrators.

This platform aims to allow a large volume of battery data and information to be available to network 
participants, prevent tampering, define who is the owner, user and manufacturer, define who is 
responsible for recycling, avoid raw material shortages, avoid damage to the environment and increase 
the transparency, safety and reliability of the battery supply chain.

Conclusions
The replacement of conventional vehicles with EVs still has some challenges that need to be overcome. 
Battery information is distributed across different countries, different companies, different technologies 
for data storage and retrieval and all of this is within the battery supply chain. Therefore, a distributed 
database with security and native data validation fits very well in this context.

Combining the Internet of Things with blockchain technology can increase trust and resolve conflicts of 
interest that can arise in the battery supply chain. The present research, although challenging, has the 
potential to cause disruption of the battery supply chain, increasing trust between actors, as well as the 
transparency and security of this chain.

This is achieved by creating an auditable information trail. Thus, the developed systems allow a large 
set of data that can be made available to network participants. These systems also allow data integra-
tion, database generation and, starting from that, it is possible to use pattern recognition algorithms to 
extract information and predictions.

In summary, the systems developed are based on three pillars, namely: reliability, distribution and 
traceability. Reliability is based on the concept that after being validated, blocks in a blockchain network 
cannot be changed. Specific chunks of information can also be encrypted to ensure the confidentiality 
of the information. The parties’ consent is implemented in the smart contracts and registered in the 
network. Therefore, the data is only provided to those who have the authorization of the network 
participants.
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Main criticism concerns the limited battery range of Electric Vehicles (EV). The term “range anxiety” refers to the fear 
that a vehicle has insufficient energy storage available and might thus run out of power – even if users do not need it 
all at once. Can AI and blockchain applications solve this issue?

  Thiago Hoeltgebaum AI and Blockchain can help to solve this issue but we need to take into account the ex-
isting differences between countries. Let´s take the example of Germany and Brazil. Obviously there are major 
discrepancies in charging stations infrastructure, EV market share, and technology readiness. In Germany, I 
see several charging stations throughout the cities and I notice the EV market share increasing year-by-year. 
These factors combined make the population more comfortable in adopting the electric vehicle technology 
and help mitigate the “range anxiety”. In Brazil, on the other hand, both infrastructure and market share regard-
ing electric mobility are still in the very beginning. Therefore, I understand that Blockchain and AI can play an 
important role in this initial technological status if they are used to promote the integration of drivers and to 
calculate routes based on actual driving conditions and available charging stations, for example. 

  Mühenad Bilal Would the range anxiety of potential e-car drivers be as great if there were as many charging 
stations as there are gas stations? I don't think so. Block chain technology has the potential to transparently 
connect several utilities across Europe via a decentralized network using so-called cryptic hash functions, 
and to supply drivers with electricity without any intermediary service providers. It can be implemented 
even in the billing processes. The decentralized system is able to offer transparent and tamper-proof billing 
platforms for charging electric vehicles throughout Europe. Furthermore, AI in combination with Blockchain 
can be used to simultaneously improve the maintenance process and reduce the repair costs, encouraging 
operators to accelerate the expansion of fast charging centres.

In addition to regulations relating to speed limits, traffic-calming, and related signing, vehicle safety technologies 
offer unique opportunities to further reduce the burden of death, injuries, and harm. However, human error is to 
remain a significant factor to this burden. Can AI address this challenge? 

  Thiago Hoeltgebaum Throughout the years, vehicle safety has been immensely improved thanks to the 
addition of cutting edge technology in passenger cars. We started adding seat-belts, collapsible steering 
columns, then evolved to Antilock Braking Systems, Airbags, and Stability Programs, and now we are 
integrating different sensors, radars and semi-autonomous driving to tackle the accidents and their 
consequences. Even though, thousands of people still lose their lives every year due to human negligence, 
imprudence and misbehavior. From my perspective, AI should be used to learn how most accidents happen 
and to be able to predict the likelihood of a certain collision. Then, together with the available technologies, 
the car can take action even before the driver notice he is doing something wrong. One of the challenges is to 
analyze the “tons” of data and communicate them properly with other cars, blockchain can be used as well. 

  Mühenad Bilal Humans have limited ability to interpret information and must depend on imperfect mental 
functions such as perception, attention, and memory. When a person cannot avoid an accident due to 
limitations of these capabilities, the situation is referred to as “human error”. Advances in Automated 
vehicles can tackle this problem by incorporating machine learning and AI along with great GPU 
capabilities. Most of the accidents occur due to a lack of human ability to quickly process clusters of 
information and react. Machine learning can easily recognize patterns in data, while artificial neural 
networks can mimic the way how our brains make sense out of multiple layers of information.
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Ensuring the efficient movement of people in cities brings economic benefits and quality of life, both 
individually and collectively. Even though improvements in mobility are frequently linked to structural 
changes, effective transportation system management is critical to achieving high-quality mobility.1 

The Intelligent Transportation System (ITS) is a concept that has been researched and refined in recent 
years.2 Intelligent Transport Systems are software and hardware systems that employ information 
technology and communication to mobility to improve transportation efficiency from a strategic point 
of view. As a result of its use the mobility in cities improves in terms of safety, punctuality, and real-time 
information.

The pandemic caused by COVID-19 has instituted a series of changes in the way people around 
the world face their routines. Cities had to find solutions for the future of urban mobility.3 Regarding 
the requirement for social distance in public transportation, there is a tendency for the number of 
automobiles on the streets to increase, as individuals seek out transportation options that present 
almost no risk to their health. Assuming this premise, metropolises have already experienced a 
significant change in the dynamics of mobility.4

One of the most significant sectors where AI will have a paradigm-shifting impact is transportation,5 
especially when related to the concept of smart cities. The provision of mobility solutions for combating 
traffic congestion, pollution, and environmental degradation through AI technology capable of providing 
better, faster, and cheaper ways to move around is the foundation, along with telecommunication and 
energy applications, of what is referred to as smart cities and the way forward for urban science.6

The use of Artificial Intelligence  
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for the Next Decade
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There are a variety of ways to demonstrate how AI is an essential component of the ongoing innovation 
movement in urban mobility.7 Some improvements have already been noticed and experienced by driv-
ers and passengers, although in a limited way, especially in Brazil. The common operating mechanism 
of traffic lights is an example. These devices are programmed to interrupt and release vehicular and 
pedestrian traffic according to previously calculated periodic intervals. To do so, data is used to predict 
periods of increased or decreased traffic of cars, motorcycles, bicycles, and people.8

In practice, the use of AI demonstrates that all of this can be accomplished in a more intelligent and 
real-time manner. It is possible to create befitting cycles with the flux identified with accuracy by 
connecting traffic lights and cameras positioned at strategic points. 

Machine Learning (ML) can be particularly effective for optimizing fleet travel itineraries, modifying the se-
quencing of bus trips to boost the solution’s robustness, and lowering the influence of traffic on timeliness.1 

The VIA Mobile 360 ADAS system, which allows buses and other vehicles to be navigated without the 
presence of a driver, has begun to be assessed in Brazil, specifically in Curitiba. The innovation, developed 
by VIA Technologies, has been successfully tested in China, and it is expected that, after the experiences in 
Brazil, it will be fully implemented shortly. The data is combined and delivered to the vehicle’s centre, which 
is capable of recording images of what is happening around the vehicle, interpreting them, and compar-
ing them with other information provided from other sources. The system includes analytical software that 
recognizes and interprets variables involved in driving, such as distance from traffic lanes, speed limit, and 
traffic light interpretation. Furthermore, the vehicle is kept at a safe distance from others, travels at a reason-
able efficiency, and switches to a safety mode when there are pedestrians close to the road.9

Although the number of traffic accidents in Brazil has decreased since 2013, it is still too high to be con-
sidered acceptable. The overall number of accidents in 2020 was 63,447, with 51,865 victims, 5,287 
among whom did not survive.10 According to a survey conducted by the Ministry of Transport, Ports, and 
Aviation in 2020, driver irresponsibility is the leading cause of road accidents in Brazil (53.7 %).11

Therefore, one of the most urgent challenges is to increase the use of technology to make traffic safer. In 
this context, the planned and strategic use of smart devices can help. Sensors can be designed to record 
varied aspects that influence the movement of land, air, and rail vehicles. They are able, for example, to 
detect higher-than-expected speed fluctuations on trains and subways, keeping drivers promptly warned. 
It can detail the conditions of the roads, display updated status, and link to the irregular operation of 
certain components of the vehicle, among other features. Some companies have already been developing 
technologies to act in this area, such as BOSCH through automatic emergency braking systems (AEB), 
lane-keeping assistant, and electronic vehicle stability programs.8 In the sequence, some research 
involving Artificial Intelligence and mobility in Brazil is presented.

Mobility regarding the rail sector is a challenge for Brazil, it requires smart applications to expand Brazil’s 
transportation capacity, in addition to anticipating and designing the technological future of the national 
infrastructure. In partnership with the National Service for Industrial Learning, the company Rumo 
Logística developed a study focused on identifying the challenges and opportunities for the freight rail 
sector by the year 2040. This study addresses several topics that have a direct influence on the future of 
mobility, such as the implementation of autonomous trains and wagons, articulation of transport modes, 
hybrid and electric locomotives, diversification of the energy matrix, and energy self-generation.12 It is 
important to emphasize that Brazil has a lack of railroads dedicated to public transportation. 

One of the sectors with considerable financial incentives for technological improvement involving 
Artificial Intelligence is agribusiness, where autonomous vehicles are already a reality. The company 
Agres developed a software called IsoFarm for the management of farms that allows the control of 
agricultural machines from a distance. The ability to dispense the driver is just one of the technological 
innovations applied to the field. The technology embedded in these machines has transformed each 
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Figure 1: Prototype from EVE, an Embraer company for urban mobility involving electrical aircraft for vertical departure and 
landing. © EMBRAER
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While the population continues to rise, the infrastructure has remained static throughout time. It’s very 
common to come across very narrow roads with insufficient sidewalks and insufficient space for a bike 
path or a pedestrian crossing. One-way usage is no longer sufficient to support the volume of traffic in 
some circumstances.17 The issue is that such projects necessitate large investments, primarily from the 
public sector. It will be up to public authorities to make decisions based on the development of new 
technologies to improve urban mobility.17

To accelerate the development of research and application of technology in Brazil, on March 19, 2020, 
resolution nº 1.122/2020 was published. The ordinance defines the so-called Priority Technology Areas 
for research, technology development, and innovation projects for the period from 2020 to 2023.
Briefly, the Priority Technology Areas include Strategic Technologies (Space, Nuclear, Cybernetics), 
Enabling Technologies (Artificial Intelligence, Internet of Things, Advanced Materials, Biotechnology, and 
Nanotechnology), Production Technologies (Industry, Agribusiness, Communications, Infrastructure, and 
Services), Technologies for Sustainable Development (Smart Cities, Renewable Energies, Bioecono-
my), and Technologies for Quality of Life (Health, Basic Sanitation, and Water Security). In addition, the 
Ministry of Science, Technology, and Innovations in cooperation with the CGI (Brazilian Internet Man-
agement Committee) are promoting the creation of up to 8 Applied Research Centres (CPA) in Artificial 
Intelligence. These CPAs will be focused on the development of scientific, technological, and innovation 
research, applied and oriented to problem-solving which can be solved with AI. CPAs in Artificial Intelli-
gence are expected to stimulate basic and applied research and innovation, in addition to strengthening 
product development (hardware/firmware, software, algorithms, and mathematical models), provide the 
necessary infrastructure to expand research networks, and contribute to the country’s economic growth 
and social progress.

Assuming recent incentives from the Brazilian government associated with the use of Artificial Intel-
ligence, many funding opportunities are available in the country, including cooperation with foreign 
countries. Smart cities applications involving technology development regarding mobility are in evidence 
for the next years.
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one of them into a source of vital information for agribusiness. For example, the harvester itself reads 
how much is being harvested in each section of the property. This data is transformed into a detailed 
and accurate map of productivity in the area and allows soil corrections to be made only where they are 
needed.13

Like agribusiness, some industries and vehicle manufacturers also try to focus on the application of AI 
in their manufacturing process, e. g. Renault. To optimize the manufacturing process, Renault adopted 
several data capture technologies to use machine learning algorithms with a focus on prediction. Thus, 
professionals have an idea of when the machinery will need maintenance. Another application of the 
company is the use of telemetry in connected cars so that the brand’s customers can identify a problem 
or know the period of a vehicle review. In addition, there are studies with smart cities involving traffic in 
urban environments and highways.14

Regarding air mobility, the Brazilian company Embraer has some projects aimed at the development 
of electric vertical take-off and landing aircraft (eVTOL) also known in the market as EVA (Electric 
Vertical Aircraft). Eve Urban Air Mobility, an Embraer company, in partnership with Helipass is looking 
to accelerate the development of EVA, which is planned for 2026. The partnership intends to provide 
a total of 50,000 flight hours per year on Eve’s electric aircraft. These flights will include sightseeing 
tours, airport transfers, as well as a growing on-demand service.15 The EVA platform has already more 
than 300 firm orders from partners worldwide.

The logistics associated with passengers in airports also involve AI applications in Brazil. The company 
Pacer Wavemaker developed a facial recognition check-in and boarding system in cooperation with the 
Ministry of Infrastructure. The system avoids the agglomeration of people in airports, which is especially 
useful in a pandemic period,. Another complementary boarding system was already implemented 
and tested by Pacer Wavemaker and Azul airlines. The system consists of a digital carpet based on 
projections developed to accelerate boarding procedures and avoid queues of people at departure 
gates and flight delays. Tests show that it is possible to reduce boarding time by up to 60 %.16

Another example of a company that contributes to urban and road mobility, modernization of cities, 
inspection, and traffic safety, is Pumatronix. Using modern Artificial Intelligence algorithms, Pumatronix’s 
ITSCAMPRO system can manage events involving vehicle identification based on automatic licence 
plate recognition (LPR) or general vehicle characteristics. In addition, it can detect dangerous loads 
transported in trucks or trailers by recognizing the codes affixed to these vehicles.17

Urban mobility in Brazil faces several types of challenges. However, some of them stand out for their 
impact and worsening tendency. Brazil has 212.6 million inhabitants, all this volume of inhabitants 
generates a greater flow of displacement during the day, especially at peak times, when people are 
going to or coming back from work. The use of ride-hailing apps has helped with some of the demand, 
and the entry of companies that offer alternative means of transport, such as bicycles and electric 
scooters, is another attempt to deal with the situation.18

Figure 2: Mobility airport systems from Biomtech: (left) tests of the facial recognition check-in system at Congonhas airport in São Paulo; (middle) digital boarding car-
pet from Azul airlines; (right) Hybrid biofuel and electric bus in Curitiba, the first city in the world to implement a full Bus Rapid Transit System (BRT). © by the authors
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The development of AI in the field of mobility is progressing rapidly. What do you consider the 
ethical challenges we face here?
 
  Irma de Melo-Reiners First, the use of AI should be regulated by law to ensure safety, dignity and freedom 

for all. In this context, it is particularly important to safeguard personal data, thus bringing AI in line with 
ethical principles of modern society. Second, information campaigns, aimed to reach out to the Brazilian 
public at large, should rise awareness. Administrations and municipalities throughout the country should 
inform about the effects upon corresponding fundamental rights and provide space for dialogue and 
consultation. 

  Bernd Sibler The introduction of AI systems harbors great potential for societal benefit and economic 
growth, but sometimes the use of AI systems can also lead to problems. Therefore, we need to set certain 
boundaries and guidelines to prevent any misuse, while at the same time allowing maximum flexibility 
within these guidelines. Ethical and social standards should always be our guiding light, and at the same 
time humans must not be patronized by AI.

 
AI and mobility are also closely related to the area of smart cities. How do you see the future 
of smart cities in Germany?

  Irma de Melo-Reiners Since Brazil is a very heterogeneous country, the future of smart cities should be seen 
in a differentiated way. Urban transition cannot cover all key areas at the same time. Rather, the change 
towards smart cities proceeds in small stages and in a variety of ways: digitization in urban transport, energy 
and healthcare, internet-based building management, virtual education, paperless administration, digital 
commerce, online travel companion services for local tourism, etc. Within these areas, both, existing large-
scale projects and smaller initiatives, have to be further developed. This process will take some time and 
must respond to the wishes and needs of the population to achieve broad social consensus.

  Bernd Sibler Digitization will contribute to shape environmentally friendly cities and to improve their citizens' 
quality of life sustainably. In order to identify challenges and potential at an early stage, we need an intensive 
dialogue between science, business and society. Science in particular can make a substantial contribution 
to actively create the city of the future in terms of an enduring and holistic urban development.
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Video about the topic: 
youtu.be/-gIjlCx9gEg
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Introduction
Urban development and the relations between humans and their cities will change significantly with the 
arrival of autonomous vehicles. Autonomous vehicles will lead to creating more healthy, competitive, 
intelligent and greener cities and will change not only the urban mobility paradigm but also the entire 
society in the next decades, pushing for advances in communications and computing technologies. It 
is essential to highlight that autonomous vehicles will provide an opportunity to reconsider the way we 
have built our cities, where their citizens must be at the centre of the new smart and sustainable soci-
ety. Autonomous vehicles will allow passengers to have a different mobility experience because they 
can work or enjoy themselves while moving in a city. Shifting the current driving paradigm from human 
drivers to driverless vehicles will also ensure new urban mobility services, including high-scale delivery 
of goods or even organs to hospitals.

Autonomous vehicles will be equipped with modern sensors, cameras, radars, antennas and CPUs.1 
In addition, they will produce, share and consume a large amount of data in order to be smart. Thus, 
autonomous vehicles will use advanced Artificial Intelligence (AI) techniques and AI-powered edge 
computing services to make accurate and intelligent decisions with near-zero latency. The use of 
sixth-generation (6G) systems is also expected to improve the experience of autonomous vehicles by 

providing a connection for vehicular networks with low latency but high 
reliability ubiquitously via AI. 

There are still many challenges for a sustainable autonomous vehicle sys-
tem. It is mandatory to integrate autonomous vehicles with edge comput-
ing services and AI techniques. In such an ecosystem, billions of sensors/
devices/servers (placed in vehicles and along the streets) will produce 
lots of data. A decision must be taken by one or a set of vehicles as 
soon as possible to avoid accidents or improve the global driving model. 
On the one hand, the edge computing model shifts computing resourc-
es from central data centres and clouds closer to vehicles to support 
autonomous driving applications with lower latency requirements while 
processing data more efficiently to save network costs. On the other 
hand, AI technology (e. g., Machine Learning and Deep Learning) in edge 
computing2, named Edge Intelligence, can help achieve efficient computing 
and intelligent decision making to keep the streets and roads safe and 
improve the entire urban ecosystem.

Autonomous vehicles: edge intelligence-based apllications
The main goal of an autonomous vehicle system is to improve safety on the roads while reducing 
accidents, injuries and deaths. Additionally, a set of new applications will also be available in driverless 
cars, including entertainment (i. e., Augmented reality (AR) and Virtual Reality (VR) multimedia services), 
holograms, traffic/mobility flow prediction, path planning and health matters. 

Safety: AI-based real-time video/data analytics has been widely applied in autonomous vehicle sys-
tems. The data captured by the cameras, radars, and other onboard sensors is analysed via AI tech-
niques. Cooperative sensing schemes can also be used to improve safety operations. Safety is the 

Autonomous Vehicles: 
Urban Development and 
AI Future Perspective
Eduardo Cerqueira
Universidade Federal do Pará (UFPA), Belém,  
Faculty of Computer Engineering (ENGCOMP)
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primary concern for autonomous vehicles, where objects must be identified with near-zero latency and 
accurately according to the surroundings. AI-powered edge computing schemes can be used for video 
and big data analytics when the computing power or services in a vehicle is not enough to assure the 
required processing and response time. 

 Multimedia: Multimedia-based services, such as online gaming, 3D hologram, AR, and VR, will be 
presented in our daily routine. Such applications have strict Quality of Service (QoS) and Quality of 
Experience (QoE) requirements, including very high bandwidth and very low delay. Passengers can 
have fun, watch a movie, play online games, and join a virtual meeting while an intelligent driverless 
system takes care of mobility aspects in a seamless manner to end-users. Edge intelligence approaches 
are vital for multimedia-based caching, transcoding and synchronizing operations in such a scenario. 
The design of such systems must coexist with more mission-critical applications, incurring in complexity 
that must be managed by intelligent network management systems.
 
 Intelligent transportation systems (ITS): Intelligent transportation systems (ITS) are essential not only 
for autonomous vehicles (navigation systems) but also for online city planning. Big data analysis, 
together with AI techniques, can be used to define or even predict the best routes, traffic flow 
information, and the behaviour of vehicles in specific city areas. Thus, edge intelligence approaches 
will provide a revolution of big data analysis for ITS, city-planning decisions and driverless cars. For 
instance, AI edge computing services will process and provide the safest routes for cars or even 
predict traffic jams in the near future. Autonomous vehicles will continuously learn and improve based 
on their environment, as driving models are updated and distributed to the network.

Challenges in autonomous vehicles
Significant efforts have been recently spent on the autonomous vehicle ecosystem for improving vehicle 
safety and efficiency operations, where decisions must be taken in a brief period of time. With near-zero 
delays, 3D holograms, VR, AR, and other latency-sensitive applications consumed for passengers must 
also be delivered. Thus, autonomous vehicle ecosystems must be rebuilt to support ultra-low (near-zero) 
latency applications. There are many issues to be addressed in AI, telecom, and edge computing areas 
to meet the requirements of autonomous vehicle killer applications. 

 Decision-making placement: It is crucial to define where to place AI/decision-making services to react 
fast to requests or changes in the scenarios, e. g. whether the vehicle itself, in an edge and/or in a 
central cloud? A multi-tier microservice cloud-based system can be set up to define where, what kind 
of, how, and for how long a decision-making service must be deployed in a specific server to assure the 
requirements of one or a set of vehicles. 

 Data/service migration: Due to the dynamic and mobile nature of vehicles, cities, roads and smart 
spaces, it is vital to predict the mobility of vehicles or passengers. Based on such prediction operations, 
the AI-based autonomous vehicle ecosystem must decide where and how to migrate what kind of data 
and/or services to reduce latency and improve system accuracy while reducing overhead and energy 
consumption.3 

 Handover: Novel AI-based handover schemes for heterogeneous 5G and 6G systems are expected 
to improve autonomous vehicle systems.4 It is important to keep vehicles always best connected while 
reducing the latency time. Many emergent wireless technologies and software-defined paradigms could 
be used to assure seamless handover for vehicles and passenger devices in heterogeneous wireless 
network environments. 

 Federated learning: Autonomous vehicles generate and process large amounts of data (local sensors, 
local servers, edge servers, etc). In general, the data collected by autonomous vehicles can compromise 
the user’s privacy and must be treated before being used by a vehicle-based ecosystem. For instance, 
the collected data can be treated before being used to train a local and global driving model. Thus, 
robust federated learning techniques must be used to support autonomous vehicles not only in terms 
of privacy, but also in terms of scalability and network requirements. Federated learning can offer a 
decentralized approach to learning when centralized learning is not possible or not allowed while 
increasing privacy and security issues and reducing the overhead. New federated learning schemes 
must be developed to improve the vehicle’s ecosystem according to the mobility and demand of the 
vehicles, applications, and servers. 
 

Conclusion
Together with 6G and edge intelligence approaches, autonomous vehicles will change our lives and 
provide new services, experiences, and opportunities in urban and smart cities. Passengers will have 
more time for working, relaxing or accessing entertainment in driverless cars. Parking cars will not 
be a problem. Car accident rates will drop, where crashes and deaths will be reduced. The entire 
vehicle-based ecosystem will change. For example, the automotive industry will release intelligent and 
electric models for just one passenger. The passenger can pay for a ride (not for a car). Additionally, 
manufacturer of cars and software as well as areas in robotics, AI, edge computing and telecom will 
accelerate the development of new technologies and services for smart and sustainable cities. The 
partial or complete integration between vehicles, drones and Internet of Things (IoT) devices is also 
expected to improve the services in smart and sustainable urban environments. 
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The regional and the international scientific community, academia, extramural research and industry 
actively participated in THI´s first International AI@motion Network Conference on 15th and 18th of 
November 2021. The project AI@motion International is funded by the German Academic Exchange 
Service (DAAD). 

Around 100 participants with a focus on Artificial Intelligence (AI) and mobility met in for a hybrid con-
ference both in person at THI as well as online. Participants came from Germany, Brazil, China, India 
and Turkey. All events regarding current developments in AI and mobility took place in such a manner 
that it did not matter if a participant was online or actually on site at THI. Example given: poster sessions 
took place at THI and posters were also available for viewing and interaction with presenters through a 
hybrid networking tool. All keynotes and presentations were streamed. Speakers were able to interact 
with other participants in the room or online. 

All participants were able to get to know each other, talk about their research fields and ideas 
and thus actively shape the regional and international Artificial Intelligence Network in mobility 
that is being formed at THI as its Bavarian hub. 

THI researchers, company representatives and Brazilian researchers from THI's partner 
universities Universidade de São Paulo, Universidade Estadual de Campinas, Pontifícia 
Universidade Católica do Paraná and Universidade Federal do Pará took the opportunity to 
get in closer scientific contact with each other by meeting in person. 

As intermediary organization representatives, Christine Söker and Julia Vrooman of Research in Bavaria, 
the landmark initiative of the Bavarian State Ministry of Science and the Arts, provided the participants 
with the latest insights into the possibilities to work and do research in the state of Bavaria.

A special presentation was the live demonstration of the robot TurtleBot that drives through voice 
commands. The winners of our first AI@motion Challenge for global student teams came from Pontifícia 
Universidade Católica do Paraná (Brazil) especially for this occasion to THI. They worked on the 
TurtleBot and implemented their own software on it with the support of Prof. Dr. Torsten Schön and 
his scientific assistant Dominik Rößle from THI. Thus, they were given the chance to be part of the 
International AI@motion Network Conference as young researchers. Subsequently, the team continued 
their research collaboration on the TurtleBot and is currently working on a joint scientific publication.

THI continues to internationalize its AI and Mobility network by connecting AI professors and researchers 
with partners in academia and the corporate world. A special focus lies on Brazilian partners through 
AWARE, the Bavarian Center for Applied Research and Technology with Latin America. However, further 
partnerships in Asia and Europe are being developed. In the coming years, workshops, conferences and 
research stays will be facilitated with the aim of joint grant proposals and future collaboration. 

The network conference was part of the International AI Science Week at THI, with events such as the 
1st anniversary of the AI Mobility Hub AImotion Bavaria. This hub, which is supported by the High-Tech 
Agenda Bayern, is located at THI. THI has set itself the strategic goal of becoming one of the leading 
mobility universities in Germany. The International AI Science Week was brought into being by basci.net. 
This networking project is funded within the frame of the initiative “Research in Germany” launched by the 
German Federal Ministry of Education and Research (BMBF) in 2006. BMBF is contributing to the fund-
ing of the current project phase. “Research in Germany” is implemented jointly with DAAD, the German 
Research Foundation (DFG), the project management agency DLR and the Fraunhofer Gesellschaft.

Dr. Sebastian Krügel speaks with an interested student about his 
research on Ethics and Acceptance of AI © THI

THI's AI Cluster icon for Mobility 
Infrastructure ©THI

Michael Botsch, Scientific Director of AImotion Bavaria, 
Professor for Vehicle Safety and Signal Processing, and 
Munir Georges, Professor for Spoken- and Natural-Language 
Understanding, discuss research findings during the poster 
session ©THI

THI research assistant Mariano Frohnmaier, a member of Prof. Munir 
Georges´ research group, explains his research project © THI

International AI@motion 
Network Conference
Regional and international researchers, companies and intermediaries came 
together for THI’s first hybrid networking event on Artificial Intelligence and Mobility

Lena Mödl
Network Manager AI@motion International 
Technische Hochschule Ingolstadt

Tanja Schulze
International Research Service Officer 
Technische Hochschule Ingolstadt
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AI-research along grand societal changes
The world is undergoing a profound change. Artificial Intelligence (AI) permeates science and society 
alike. On a policy level, nation states such as Germany (2018) or Brazil (2021) position themselves 
with AI strategies. Within the European Research Area, the European Commission will annually invest 
one billion euros into AI through the Digital Europe programme and the Horizon Europe research 
and innovation programme alike in order to foster collaborative transnational research activities. As a 
cross-cutting technology, AI accordingly unfolds in a host of scientific disciplines, technologies and life 
realities of people from all over the world. In this scenario, technical, legal and ethical concerns faced 
by the respective actors – be it nation states, researchers, commercial users or society as a whole – will 
regularly differ in their perception and evaluation, depending upon the particular underlying institutional 
logic and their setting of priorities. Embedded in this institutional logic, international researchers, albeit 
engaged in similar research activities, may furthermore correspond with different technical and ethical 
approaches.

Against this backdrop, basci.net is based on the assumption that these different patterns are a treasure 
trove for dialogue and future research collaboration. Thus, it places the networking aspect on center 
stage – just as its suffix suggests. This is achieved through a joint annual international science week which 
seeks to contribute to AI research along the grand societal challenges (German Council of Science and 
Humanities, 2015) across the globe. Conceptualizing basci.net through the lens of these, the international 
science week connects different regional, societal and scientific perspectives through time and space. 
Furthermore, it comprises basic and applied research issues and an extension towards society.

basci.net: bridging science, society and globalization
In relation to the aforementioned grand societal challenges, basci.net aims to set different thematic and 
geographic priorities each year. As the title of this publication implies, the focus in the first project year 
2021/2022 will be on AI and mobility with Brazil as basci.net-partner country. New focal points such as 
AI and sustainable infrastructure, AI and life sciences, and AI and electromobility are envisioned for the 
science weeks over the next years to come. 

Within the frame of the international science week, international researchers and companies seek 
mutual exchange with each other in various formats. In the first project year, a total of six German and 
Brazilian partner institutions are involved, one university from each of both countries, one extramural re-
search entity and one intermediary organization: Technische Hochschule Ingolstadt (THI), Universidade 
de São Paulo (USP), Artificial Intelligence Network Ingolstadt (AININ), Lactec, Bayern Innovativ and the 
German Centre for Research and Innovation São Paulo.

For the basci.net-project partners, the term “grand societal challenges” also implies the broadest 
possible involvement of broader society. This is all the more important since social cohesion seems to 
be in jeopardy and polarization of societies increasing (Gümüsay, 2020: 2). Consequently, the two-day 
conference is split up into a research day and different extension activities. The key ideas and outcomes 
of the science week are documented, summarized and further developed via the basci.net-landing page 
www.thi.de/go/bascinet. 

basci.net: bridging science
Starting point of THI's proposal basci.net – AI bridging science and society is the Bavarian AI Mobility 
Hub established in 2019. It is funded through the High-Tech Agenda Bavaria and focuses on AI-based 
automotive production, autonomous driving and unmanned air traffic. It includes 20 new dedicated 
professorships and a staff count of more than 100 researchers in 2025. basci.net also builds upon 
THI´s Applied Network on Automotive Research and Education (AWARE), a Latin American network 
comprised of academia, extramural research and the automotive industry. basci.net also aims at building 
bridges between research and application by involving further networks. 

basci.net: bridging society
The Age of Enlightenment placed rationality, science and the individual in its centre, spurring the rise 
of capitalist society and thus adapting nature to the needs of man. From the first Industrial Revolution 
to the present, novel scientific and technical achievements govern and influence an ever-greater part of 
human life. On the one hand, this has led to positive developments (less famine, lower infant mortality, 
higher standard of education) and, at the same time, to threatening environmental changes (climate 
change, humus depletion, water and air pollution, extinction of species, pandemics, etc.). Increasingly, 
these negative aspects of technical achievements as unprecedented challenges move into force. 
Today’s societies tackle with the widening side effects of technological progress (and our lifestyles), 
what has led to naming our current geological age as anthropocene, the age of human impact on earth 
(Ruddiman, 2013: 46). What might be the next key step in this development chain when we look upon 
AI as a disruptive technology? Does the age-old distinction between natural and Artificial Intelligence 
need to be torn apart, and can this be part of the solution? To address questions such as these, basci.
net seeks active interaction with society – on the one hand by rising awareness of AI’s positive impact 
to everyday life, and on the other by explicitly addressing its risks and threats. In this first year of basci.
net, a novelty for the THI was to approach the topic of AI in connection with mobility through a series 
of films and literature. basci.net opens up further new and unexpected avenues via different (hybrid and 
online) formats, e. g., in the new hall “Future Hub” at the Hannover Industry Fair in 2022. In cooperation 
with the Application Center of Fraunhofer IVI “Connected Mobility and Infrastructure” located at THI, 
we showcase a novel AI system that detects and classifies different road users and their movement 
patterns. Trade fair visitors can experience experience its functionalities first-hand.

Award for basci.net: a bridge into the future 
With basci.net as its proposal, THI was the only University of Applied Sciences, along with seven other 
universities, to receive an award in the nationwide idea competition International Research Marketing. 
The competition is part of the initiative “Research in Germany – Land of Ideas”, which has the aim of 
promoting Germany as a key R&D location. The German Federal Ministry of Education and Research 
(BMBF) launched “Research in Germany” in 2006 and is contributing to the funding of the current 
project phase. “Research in Germany” is implemented jointly with the German Academic Exchange 
Service DAAD, the German Research Foundation DFG, the project management agency DLR and the 
Fraunhofer Gesellschaft as Europe's largest application-oriented research organization. Thus, basic.net 
has to be evaluated as a significant contribution to science and society objectives. Since THI itself has 
developed a strong, technology-driven application profile relevant to society, it regards this award as a 
further incentive to jointly drive basci.net forward in order to make it a national and international show-
case project.

Take up the great societal challenges. Get involved.  
Become part of our network!

The Idea. The Project.
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The supply chain in automotive production is complex. For this reason it becomes 

all the more important to grasp potential risks and recognize coherences at an early 

stage. At Audi, intelligent algorithms are analyzing news about supplier companies 

from around 150 countries in a pilot project. AI scans the web for sustainability risks 

such as environmental pollution, human rights abuses and corruption. Upon suspicion 

of potential sustainability violations, it raises an alarm and thus contributes to 

efficient supply chain monitoring.

Susanne Lenz 
Procurement strategy, sustainability supply chain 

AUDI AG

The next basci.net conference is scheduled for 2023. It will 

combine AI with sustainability – one of the major grand societal 

challenges of our time. We will once again organize the 

conference in close cooperation with a partner region in order 

to be able to provide different perspectives and learn from each 

other. THI`s new Research Center for Transfer and Sustainability 

Neuburg (ForTraNN), which is currently being established, will be 

hosting this event. Following the gradual expansion of the range 

of courses offered with a focus on sustainability, construction, 

energy and the environment, AI elements will be integrated, for 

example into planned study programs such as “Smart Building 

Technologies” or “Traffic and Infrastructure Technology”. One of 

ForTraNN`s objectives is to bring together and further develop 

knowledge, also with transdisciplinary approaches. The basci.net 

conference 2023 is ideal to fulfil this goal internationally. 
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With the use of AI, new opportunities arise in all sectors of society to create processes 

more efficiently and in an environmentally friendly manner. For example, within the 

economic sphere, AI can optimise sustainability standards for global supply chains and 

improve resource assessment and efficiency. In particular, I foresee significant potential 

concerning transparency and analysis of complex wide-ranging supply chains. However, AI 

itself has to be sustainable, e. g. when it comes to energy supply and consumption.
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