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4GIWNCVKQP HQT #TVKeEKCN +PVGNNKIGPE
VCVKQP .QIKUVKEU CPF 5WRRN[ %JCKP /CI
CPF &GXGNQROGPVU

Matthias Klumpp*, Caroline Ruiner**

Digital solutions and arti cial intelligence applications provide innovation potential for transportation, logistics, and supply chain manag
However, the question of competencies, motivation, and acceptance of the human workforce is important for the practical success of such
rms and in comprehensive transportation systems and networks. is section addresses the background for an inquiry into the framework c
recent developments and necessities for regulation of robotics and arti cial intelligence in this eld.

Background and a public consultation (Delvaux, 2017), which indicat

here are a multitude of digitization and aufcorr’F'afJI thgt many citizens i_n_ Eu_rope re_gard development§ in
I tion developments in the transportation, Iogistg[@?oncs and Al as positive innovation elds, but require
and supply chain management domain,-hi

lighted by concepts suchlakgernet of ings, Industry It can be recognized that in an overall perspective, Al
4.0, or Physical InternéZhong et al., 2017; Fawcett &s a future development trend is seen more critical than
Waller, 2014). Technological aspects are the main driliersise of robots — who are in many cases perceived as
for these developments, and in most cases, they are aigpgart and help to humans. In detalil, this is connected to
with economic factors such as cost savings or increasirgjority of 83% of all respondents agreeing or strongly
customer reaction and time to market speed (Masoualgeeing to the statement that robots are good for society
Jayakrishnan, 2017; Wojtusiak, Warden & Herzog, 20H2).they help people — whereas only 34% of respondents
But besides these technical and economic issues, quesfieasor strongly agree to the statement that robots steal
of competencies, motivation, and acceptance with-thgpkoples’ jobs. Still, a huge majority of 92% also agrees or
man workforce are also increasingly entering the discustsangly agrees that robots are a technology that requires
and emerging as a crucial topical area for overall ecoremeful management, i.e. regulation and oversight. On the
ic impact and success (Mavrovouniotis, Li & Yang, 2@ikfer hand, half of all respondents (52%) agree or strongly
Zijm & Klumpp, 2016). In this context, regulation iragree towards the statement that Al is a threat to privacy.

Hrther discussions and regulations (Table 1).

Strongl NENHTET n Strongl Dont
agregey EfEE d?sgégfé e REEHES disag?eye know

Robotics
Technology requiring careful management 57 % 35|% 4% 2% 21% -
Necessary for hard or dangerous jobs 57|% 35 % 5% 2% 1% -
E cient way for transport/delivery 37 % 34 % 16 % 9% 3% 1%
Good for society as they help people 34 % 49 % 11|% 3|% 3% -
Steal peoples’ jobs 9% 25 % 319 25 % 9% 1 9%
Create inequity 5% 13 % 21 % 32 % 24 % 5%
Arti cial Intelligence (Al)
reat to privacy 20 % 32 % 22 % 14 % 8 % 4 %
reat to humanity 13 % 16 % 23 % 22 % 22 % 4%
reat to fundamental human rights 12 % 14 % 25 % 22 % 20 % 7 %

Table 1 Public Perception on Robotics and Al Applications in Europe (Question: Please
indicate if you agree or disagree with the following statements).
Sourcekvas (2017), p. 11-12 (n=259)

robotics and arti cial intelligence (Al) is commonly sddowever, favoring Al application is the fact that only 26%
as an important yet underrepresented eld related toofhrespondents agree or strongly agree to the statement that
human perspective on increasing automation. is poiAt is a threat to fundamental human rights. Altogether,
was highlighted in 2017 by a European Parliament refh@$e statements represent the mixed perception of citizens

* Professor for Logistics at FOM University of Applied Sciences Essen, Germany, and 2018 Visiting Fellow at the European University Institute Florence,
Italy, matthias.klumpp@fom.de
** Professor for Sociology at Trier University, Germany, ruiner@uni-trier.de
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towards automation (robots) and digitization (Al) trend&4% are concerned or strongly concerned), or intellectual
hinting at a positive attitude of citizens towards a politigaperty (44% are concerned or strongly concerned).
regulation role in these elds. Regarding regulation efdegarding areas of regulation, transportation is present
the report outlined the following six key areas of regula{8fy Prominently in the top ve areas with autonomous

action in detail regarding robotics and Al application’ffliCleS being number one (87% regard it as important

the European Union, namely (European Parliament 2 gvery im_portant) a_nd ldron_es be"?g number four
’ % deeming regulation in this area important or very

p. 8): . important). In-between medical and care robots are seen
(1) Rules on ethics as necessary area of regulative action (with 80% and 73%
(2) Liability rules deeming these area's.to be important or very important

(3) Connectivity, intellectual property, and ow of dat respectively). In addition to this, the world of work has

Y property, % be recognized too since this is where robotics and Al

(4) Standardization, safety, and security applications are implemented and people encounter them
(5) Education and employment actively in cooperation.
(6) Institutional coordination and oversight. Human Work and Digitization

In order to discuss such regulatory action further, itcange EU study presented indicates how citizens
distinguished between regulatory approaches, argurperdsive robotics and Al applications, their anxieties and
for regulation and areas of regulation. Approacheshigifights certain approaches for the regulation of new
be divided into law regulation, agency-based reguldgighnologies. e citizen's perceptions are likely to match
or industry-based approaches for establishing safed08rdgrceptions of the workforce. Likewise do the key
towards e ective but risk-mitigating settings. Relevaigas of regulatory action take into account the human

impacts from the public consultation indicate signi cdAE1°" In automated and digitized work settings which
important with regard to the employer’s due diligence

public support for political regulatory action in this (191) g

" e . igations. Moreover, the human factor is of crucial
due to the reports of citizen opinions and anxieties ( ance since workers' perceptions a ect the acceptance

2). and their handling of robotics and Al (Ventakesh & Davis,
As Table 2 shows, arguments for regulation are he2@@0), and is, thus, central for the economic impact and

Strongly Not concer-

concerned Concerned ‘ Neutral ‘ ned at all ‘ Don't know
Arguments for Regulation
Data protection 51 % 34 % 8 % 6 % 1%
Values and principles 51 % 30 % 9 % 10 % -
Liability rules 35% 39 % 19 % 6 % 1%
EU competitiveness 29 % 37 % 22 % 8 % 4%
Physical safety 26 % 38 % 22 % 11 % 3%
Intellectual property 17 % 27 % 27 % 24h% i 5%

Ver Somewhat Not at a

imoor%/ant Linjperil. Neutral important important Don' know
Areas for EU Regulatory Action
Autonomous vehicles 55 % 32 % 5% 4 % 4% -
Medical robots 48 % 32 % 12 % 5% 3% -
Care robots 38 % 35 % 15 % 8 % 4 % -
Drones 42 % 31 % 12 % 6 % 3% 1%
Human repair 40 % 32% 13% 4 % 2% 4%

Table 2.Public Expectations regarding Regulation Motivation and Areas in Europe.
SourceEvas (2017), p. 11-12 (n=259)

by the items ‘data protection’ (85% of respondesigcess of these new forms of work organization. A positive
are concerned or strongly concerned) and ‘valuesatitdde towards work settings usually comes along with
principles’ (81% are concerned or strongly concerniathinsic motivation — de ned as behavior coming from

In addition, liability rules are an important argumentwithin an individual, out of interest for the activity
the eyes of citizens with 74% being concerned or stramglyenjoyment — leading to high job performance and
concerned about this issue. Smaller shares of the respsatisfdction, commitment and innovation (Deci & Ryan,
group are listing arguments such as EU competitive2@33). Accordingly, if digitization in the working context
(66% are concerned or strongly concerned), physical $afetrceived as positive and supportive, it will promote
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pro-organizational behavior. In this respect, the catefulccept independent Al decisions, e.g. suggestions by
management and design of digitization in the workingavigation system in driving trucks. ere might for
context plays a key role and is the central leveragsa®ple be higher rates of neglect, meaning navigation
orchestrate the workforce. Measures of Human Resource

Management (HRM) therefore need to consider the

of robotics and Al in the work process based on an oy cceptance Resistance (AR)

strategy implying speci cations and rules, e.g. in tern
ethics, safety and security issues. Moreover, an ade
information of and communication with the workfor
will promote liability and trust (Lewicki et al., 1998). F
a positive attitude and e cient use of new technolog
in work processes, it is crucial that workers perceiv
support of the management, that the organization ve
their contributions and cares about their well-be
(Eisenberger et al., 1986). To foster intrinsic motivatiol
digitalized work contexts, workers attach great import:
to experiencing autonomy and their tasks as meani T Compeion
(Hackman & Oldham, 1980). is would also mean tha >
the interaction between robots, Al and workers is Leyelof personet Infrusion (%)
as equally and free, meaning that workers perceive loc I P .
of control (Rotter, 1966). erefore, it is essential that H?gure 1 Mot|vat|on fo_r Regulatlo_n N Robotics and
workers obtain the quali cations required for working Al Applications in Logistics.

with new technologies. Consequently, the alignment SourceAdapted from Klumpp (2018), p. 234

of the workers’ competencies towards changed work

requirements is a basic prerequisite for the acceptamgegstions are overturned in practice. ird, human actors
of robots and Al in work contexts. e acceptance hfve to accept Al autonomy, for example an autonomous
new technologies in work settings will also be suppategring system for trucks. In this case, the resistance
when the process of automation and digitization is majht be highest as autonomous behaviour of automated
only organized top-down but also bottom-up, i.e. whsstems brings about the highest level of fear and insecurity
workers have the opportunity to participate in organizingong human coworkers. In this area, regulation might
and designing digitization processes, contributing ttieirefore be needed the most and provide the most
ideas and perspectives (Boxall & Purcell, 2003). Firtsdiye t: Regulation may help to reduce the volume and
the use of new technologies in organizations is not iemhact of these human resistance hurdles for an e cient
designed in cooperation with management and workarsan-computer interaction (HCI). is can be achieved

but also involving actors like employee representadiyesuman workers may be able and motivated to start
(e.g. works council), securing the workers interests inHi@tasettings with a lowered resistance of they know that
protection as well as general values and principles.reigulations are in place safeguarding their physical safety
would eventually help to promote the understandingandl their personal data protection and employment rights.
robots and Al supporting the workforce and establishing a

regulatory framework securing workers’ positive attitudéseas of Regulation in Transportation, Logistics and

Connected to these general HR concepts, one cepiiPly Chain Management
motivation for regulatory_action is to_promote the wor.keﬂqu|ying the six de ned key areas of regulation as outlined
acceptance and to mitigate possible human resisfang® EU study speci cally towards the transportation,

towards robots and Al applications in transportatifistics and supply chain sector, the following observations
logistics and supply chain management. erefore, it.i$, pe derived:

helpful to understand the structure of typical workers’ ) ) ] )
resistance towards automation within the eld dfl) Rules on ethidSspecially in transportation — as

transportation, logistics and supply chain managemephlic tra c is concerned — ethical rules of engagement
this is depicted in the following Figure 1. are important, e.g. if accidents occur and split-second
In many business application contexts three méRsfisions have to be taken by automated systems like which
resistance hurdles can be identi ed before a full hufig¥iation route to take with speci ¢ casualty impacts. e
cooperation mode can be reached. First, workers haveijtr problem in this area is, that such decisions have to
accept single automation steps as Al competence, elge thelemented beforehand within the automated and Al
competence of an automated steering system to haagleportation systems, as in many cases reaction times
truck cruise control orders. Second, it is even hardefai@e too short for any human driver to contemplate and
usually met by a higher level or hurdle of human resisigfégere with the autonomous steering e.g. of trucks and
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cars. translation can be automated in the near future, lower

(2) Liability rulesAgain, transportation as far as pubfest and time requirements in customs, transportation
transportation is a ected will be a major development 8Rfl logistics. is will on the other hand also require
for liability rules and within their wake insurance markgigrdination among supply chain partners, as they have to
and products for automation and digitization. But af@ee on standards and cost sharing regimes for automated
in the production logistics environment many import&ffVICES.

liability questions will arise, e.g. who might be liable fAn interdisciplinary perspective from di erent science
incorrect order volumes (order volume too high wdlisciplines is helpful in implementing such regulatory
subsequent warehousing costs or order volume toodnggs. is includes the perspectives of industry and
with resulting production interruptions and market cokltgistics actors, researchers in the economic, computer
from customer contracts). sciences, law, and sociology domains, as well as other

(3) Connectivity, intellectual property, and ow of dgtgvant parties from the eld of political actors and
Connectivity is a major concern for the transportati@fSociations. is could be an invitation to start an open
logistics and supply chain management eld as a ggjggpssmn about what sorts of regulation are necessary in
sector. erefore, many research endeavors already explggs t0 secure human trust and motivation in robotics and
the use of standardized industrial data spaces aldd §&velopments without placing too much of a burden on
transportation. is will be increasingly important athe economic deyelopmentinthe transportation, logistics,
many applications (like with smartphones) will arise@d# Supply chain management sector (Klumpp, 2018;
transportation and logistics settings, requiring a uniR&jit, 2017; Fors, Kircher & Ahlstrém, 2015).
communication and interaction framework. o

Contributions and Outlook

(4) Standardization, safety, and sedsityansportation e %ontributions of this issue are aligned with a multi-

always includes a physical component, safety and Secur%ﬂective analysis regarding the question of regulation
issues are highly important, a ecting many public h bS y 9 9 d g

. . o I robotics and Al applications in transport, logistics,
(ports, stations and airports) as well as main lines througho . . . .

. o supply chain management, intending to provide a
the countries and around the globe. Security issues g t

. . of mapping of future research topics in this (Wieland,
easily clog up passenger and cargo trac, resulting, In

) . NG did eld & Durach, 2016). At the same time, they
large economic losses as well as private burdens in_terms , : . .
are addressing dierent aspects from the described six

of lost time and increased stress. erefore, automatjon ) _
o areas of regulation of robots and Al: e rst two
and digitization developments are urged to enhance - . . . .
. . . contributions start with a business practice perspective.
overall safety and security level in transportation, as wellas

- o : . ian Sanderemphasizes the dynamic innovation
providing this increase at lower economic and societal cOSE. o : .
réquirements for logistics service providers on a global

(5) Education and employm&tork and quali cation gcale, hinting at the necessity of regulation in the area of
issues are very relevant in the logistics sector as it reprge@flifional coordination and oversight'. While following
a personal-intensive service industry. Digitization is se@@®ominic Loskeutlines the challenges of a day-to-
an ambivalent trend regarding this as there are at the&&‘ymﬁansportation and logistics situation in urban food
time e ects of eased work burden and facilitated trair}m”ing, focusing on the question of human training
and education by electronic means as well as increaseghwarck drivers facing ever-faster digital innovation
burden and stress by the way of increased transpaggiify this is discussing the ‘education and employment’
and oversight or even job losses in speci ¢ areas — thadgh of regulative action as outlined above. From a
it has to be emphasized that the total number of johsdguction logistics research perspeéiimacesco Pilati
not expected to be reduced in the transportation segigialberto Regattigriovide an outlook on what big data
for a long time to come. But it cannot be neglected $)@dlysis can do for an improved ergonomics situation in
quali cation requirements will change and therefore gduction. is again is addressing the regulation areas
importance of education and training, requiring ais@ndardization, safety and security’ as well as ‘institutional
structuring and evaluation regulatory action from ®yrdination and oversight, including the role of unions
authorities in this eld. and other work safety institutions in the production

(6) Institutional coordination and oversgjnteraction  logistics contexGiuseppe Contissa, Francesca laagioia
of dierent institutions in supply chains and glob&liovanni Sartaanalyse the impact of automation in the
transportation will change, as on the one hand digitizatibocation of liability within autonomous cars. ey discuss
and the use of Al will facilitate many processes tapdasks allocation between human and automation, and
services along the transport ways. For example, docuheergsulting responsibilities.
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and supply chain sector in order to allow for a smdedint B 106 (1), 218-36.
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AGIWNCVKQP HQT #TVKeEKCN +PVGNNKIGPEG C
5WRRN[ %JCKP /CPCIGOGPYV CPF .QIKUVKEU
Julian Sandeérs

Previous production-oriented developments in technical infrastructure and IT form the basis for recent trends of automatization and digit
in the transportation, supply chain, and logistics sector. Along with economic aspects, areas such as human perception, motivation, ar
gaining in signi cance against the background of arti cial intelligence and robotics. Long seen as contradiction, these factors are now un
a crucial enabler for overall economic impact and success. In particular, for the people-oriented logistics business, but also for many o
branches, the question of regulation becomes increasingly important in order to secure human trust and motivation in arti cial intellige
robotics without raising the burden to economic development.

Introduction of connected devices will double to 50 billion due+o fur

hrough terms such as théernet of ings, In ther development of theternet of ings(Figure 2).
I dustry 4.0, and Physical Intemeany automa In summary, past and present trends ofntieenet of
tization and digitalization trends are developiimgs, Industry 4.0 andPhysical Internate results of the
for the transportation, supply chain, and logistics sed@velopment and understanding of data and its-impor
Both trends result largely from production-based devekopce. erefore, the topical framework of automatization
ments over the last years that have changed the role @rdhtabotics, enabled and driven by these developments,
comprehensively (Figurel). Starting with the implemieecame one of the most important action points for a wide
tation and operation of LVS systems in the 1970s, datge of industries in the future. e application of au
became rapidly enabler for processes in the 1990s andra@tization and robotics, combined with arti cial intel
for products until the 2000s, and are today products thégence will be a major innovation in transportation and
selves. e di erent data development stages should nosbpply chain management, but also growth and e ciency

Data as a product

(social media...)

Data as enabler
of products
(CRM/ e-Com)

value creation of data

Data as enabler
of processes

(SCM/ ERP/ MRP)
Data as result

of processes

A

1970 1980/1990 2000 today future

Figure 1 Role of data in the course of digitalization and automatization
SourceOtto, B. (2016)

understood as disjunct, rather as parallel developmedidvier in the next 15 years. Focusing on challenges and
companies. For one thing, data are the result of digitadizportunities for the logistics sector, the recent trends can
tion and automatization, but also a resource for serviceces be described as a ‘game-changer’ for many di erent
ation or even products, which leads to the ‘data paradaréas.

Considering that the number of connected devices Rasks and opportunities

increased by a factor of almost 35,000 since the st C%qngain exogenous drivers for the recent developments

nected deV|ce§ were Ia_unched in 1992, the developmﬁpt((j)l italization and automatization are cost pressure
thelnternet of ingshas increased the number of coaAne

. I ol H : 96 Rfercent), sta shortage (64 percent), complexity (39
ed devices almost exponentially. By 2020 the total am u ent) and dynamically changing buying behavior (57

* Julian Sanders, M.A. (UCAM Universidad Catdlica San Antonio de Murcia, Spain), julian.sanders@me.com
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percent), combined with endogenous factors stated asafeguards and regulations (see the European Parliament
need for transparency in supply chains (55 percent), Resiolution on Civil Law Rules on Robotics, 2015/2103
ness analytics (62 percent) and collaboration (55 perdéXt))). erefore, questions of human perception, moti

Next to the challenges, logistics companies consideZacs. n, and safety are increasingly entering the discussion

portunities in terms of additional revenues (34 perc&Rtiner & Klumpp, 2018a).
and cost reduction (34 percent), (Kersten et al. 2017 Jtghas been found that human-Al collaboration decisively
19). Many developments are driving these aspects-witthlegrends on its desian requiring opportunities for-auton

THE INTERNET OF THINGS

AN EXPLOSION OF CONNECTED POSSIBILITY

a2 miLLioN QL

22 BILIOK )
144 BLLION ﬂ%
frr-drhrrrimers s % _

87BN @&

8.2 BiLLion A0S

nzeon (§

o osauii () ° g

T T T T T T T T T T T T T T T T T T T T T
. ® N « “ "

Figure 2 Development of connected devices
SourceMesh-Net Limited (2017)

abling technologies, also in line with economic successnbus decisions, feedback, and participation, as well as
direct comparison, the opportunities of digitalization andividualized and respectful communication of support
automatization outweigh the counteracting risks of digitad care. For acceptance and human-Al team-building, as
transformation (Figure 3). well as proactive use of Al, digital devices and automa
it can be noted that the \tjégp robots' must be designed to suppqrt humans, .npt to
trol or direct them. us, the preparation and pastici

n of the human workforce in combination with such
cations as human-computer interaction (HCI) is an
rtant issue for individuals regarding the acceptance

Against this background,
majority of companies in transportation, supply ch&f!
management, and logistics expect fewer risks than o Bf
tunities from digital transformation driven by digitali pil
tion and automatization. Nevertheless, the logistics s&P ) > |
attaches high importance (59 percent) to the burderfPd use of Al, for unions, politics, and regulation, as well

sulting from regulation and compliance related to digfi:[% usinesses, in order to retain competitiveness and design

transformation, making this a crucial topical area fer ol%?"flve 'T“paICtS- Furthlermc(;reE, regulation tlsswtas rgguwe
all economic impact and success. ocal, regional, national, and European actors to address

. _ standardization, safety, and trust issues for the public,
Regulation conclusions as well as the European workforce in transportation and

Regulation for technology developments in arti cial integistics. All societal groups and representatives are called
ligence and robotics can be seen as an important yet 8ftde help with this major task, as the world of work as
turally neglected eld regarding the human perspectiviglh as general mobility will change signi cantly and will
increasing automatization. is point was underlined fi¢quire structured guidance (Ruiner & Klumpp, 2018b).
2017 by a European Parliament report and a pubkc c@® the aim of this article was to describe past, recent and
sultation for the European Union, which indicated thafy@ure trends in digitalization and automatization against
majority of citizens in Europe regard those developmggi$ackground of regulation focusing on risks and-oppor
as positive innovation elds, but with the need for furthghities of the digital transformation, it should be noted
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Figure 3 Comparison of risks and opportunities of digitalization
SourceKersten, W.; Seiter, M.; von See, B.; Hackius, N.; Maurer, T. (2017)

that all related topics warrant further investigation.-MorRuiner, C.; Klumpp, M. (2018b). Results, http://clubof
over, su cient attention and support must be given-to extence.org/?p=61, accessed 1 May 2018.

ploring a detailed and sensible framework as well-as 9REstermann. E. Mallée T.. ten Hompel, M., Bundes

ational solutions to process, collaboration, and regulaigRiyiq ing Logistik (BVL) e. V. (Ed.) (2017). Digitalisie
questions. Only if all factors, perspectives and depe ﬁg in der Logistik, BVL Positionspapier. p. 9-15.
cies have been thought through, planned, and taken int ’

account by all relevant stakeholders will digitalization affsten, W.; Seiter, M.; von See, B.; Hackius, N.; Maurer,
automatization be able to help the transportation, sugplypundesvereinigung Logistik (BVL) e. V. (Ed.) (2017).
chain management and logistics sector achieve highBeBfls und Strategien in Logistik und Supply Chain Ma
ciency built on trustful, secure, and motivated humaagement — Chancen der digitalen Transformation. p.
perception. 9-24.

Mesh-Net Limited (2017). What is the Internet of ings
(IoT)?, https://www.mesh-net.co.uk/what-is-the-internet-
of-things-iot/, accessed 26 April 2018.

Bauernhansl, T., ten Hompel, M., Vogel-Heuser, By, B ot 4. Fraunhofer-Gesellschaft e. V. (Ed.): Di
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*QY VQ RTGRCTG YQTMGTU HQT NQIKUVK
VQOQTTQY

Dominic Loske*

Arti cial intelligence and the Internet of ings enable new and non-foreseeable potentials in various development and application sce
is disruptive and exponential development in informational technology has triggered a rapidly falling half-life of knowledge that underlir
importance of lifelong learning and the fast adaptation to new situations in logistics.

Introduction for preparation, applied in the near future. Accordingly,

he termogisticis ambiguous and has been exa'ilﬁg paper choncentrr]ates OE_ Iogls}gzs afs an EC;'Y'W and gro

ined from di erent perspectives in scienti cAitey!des Insights to the working elds of truck driving an
ature. As an application-oriented scienti c-dist

pline, logistics analyzes the ow of goods in collaboratWethodology

economic systems and provides recommendations for ﬁbﬁdr:tice-oriented examples are related to distribution

dg3|gn and implementation. Furthermore, IOg'SF'CS caygitics and provided by the expertise of a senior transport
discussed as a branch that connects value chains of

di . Prei 2016). A ity logisti YA ﬂgaer employed at one of the largest food retailing com
imensions ( €l er, ). As an act|.V|ty, ogistics 1 hies in Germany. After a brief introduction of a working
clgdes the sp_atlal-tempor_al _transforman(_)n of goods, em model, two cases are discussed. ese cases concen
dling, packaging, order-picking, and sorting (Baumga{ &t on a short work task description and an explanation

ansport planning.

etal., 2004). of how workers are prepared for logistics innovations, both
superior mission
v
work task
influence T retroactive effect
Input v Output
> >
energy result

material

information interaction T retroactive effect

v

Tl
phvsical and social environment

Figure 1 Working system
SourceAuthors’ own illustration based on Hardenacke et al. (1985), in Luczak (1997)

e aim of the present paper is to provide practice-orieint the past and today.
ed exa_m_ples of applied procedures Wh_en preparing Wo%erﬁe able to estimate how human workforce will be
for logistics innovations today and to discuss pos&blem@@red in the future, it is necessary to include possible

* Dominic Loske, Senior Transport Manager, REWE Group, Germany, dominic.loske@rewe-group.com
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developments in digital technologies. erefore, a scendinos related to track-and-trace systems. Mobile devices or
technique used in scienti c literature in order to estimaa@dheld scanners are currently used to display work tasks
future development has been applied. e advantage of thighe truck driver; for example, to load a certain amount
method over other instruments is that the future is-undéicontainers for a grocery store and deliver them within a
stood as a possibility space with many di erent directgimen time window.

of development and not as a xed track (Gausemeier etlﬁl
2009). e primary in uencing factors are digitalizatioq
as a development boost causing disruptive changes
shortage of specialists caused by the demographic
and an aging workforce (Eisenmann, Ittermann, 2017

order to ful | such tasks, the truck driver must scan all
el%}/ant 1D barcodes, which are attached to the eontain
918ad them into his or her truck, and record di erences
n the data provided by the mobile device and the
etermined condition of transported goods. Furthermore,
e working system as a frame of reference for practhe mobile device is used to record the activities in reverse
tice-oriented insights logistics. Figure 2 describes the working system of a truck

In order to explain the way how workers are prepareg%ﬁr in distribution logistics of food retail companies.

logistics innovations today, the model of a working syst€urrently, all truck drivers at a depot are trained-inten

is used. e focus of the model is the work task, whichsigely whenever disruptive innovations in track and trace
derived by a superior mission of the organization (Figystéems take place. At the food retailing company exam
1). ined in this case, an intensive seminar-based training was

To accomplish the working task, the human resoﬂ%@ for all truck drivers when the rst track and trace sys
impinges on the work object by using work equipmg?ﬂ1 was integrated in 2007.
(Luczak, 1997). Successful interaction between humArsecond wave took place in 2014 with intensive semi

superior mission

1
57

work task
®
influence T l retroactive effect
Input
energy &
material
information interaction T retroactive effect

Ti
physical and social environment

Figure 2 Working system of a truck driver in distribution logistics
SourceAuthors’ own illustration based on Hardenacke et al. (1985), in Luczak (1997)

and the work equipment is necessary and requires a cearaiased training supported by a digital mock-up with
level of quali cation. In addition to the input and outpu#t demo tour. e need for this preparation was, on one
factors, exogenous factors such as the physical andhsoaaberived by a new design; on the other hand,-a di er
environment in uence the working system and subsystem®perating principle signi cantly extends the processes
(Schultetus, 2006). covered in the whole working system.

Case 1 — Preparing truck drivers for logistics inneva In 2018, a third wave will take place in which design
tions today and tomorrow and hardware will change fundamentally. e truck-driv
Truck drivers working in distribution logistics of foddS Will be prepared to face these changes by conducting

retail companies have to face changes in digital-inr?o&glf'swdy with a digital mock-up-based demo tour, an

Network Industries Quarté¢riyol. 20 | N°2 | June 2018 12
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Proportion of truck drivers
Amount of faults in loading) scanning protess

Q3-20014 Q4-2014 Q1-2005 Q2-2015 Q3-2013 Q4-2013 QI-2016 Q2-2006 Q3-2016 Q4-2006-Q1-2017 Q2-2087 Q3-2017 (4-2017
Time

s proportion of drivers intesively trained mmm proportion of drivers with fraining on the job
— faults in loading/scanning process s sofiware releases of track and trce systems

Figure 3 Relation of estimated training level and faults in loading/ scanning process for 2014 to 2017
SourceAuthors’ own illustration

online video playable on a smartphone to explain the frelated to transport planning systems. e working system
tions and features of the mobile device, and two weeilssusfed to plan tours with the aim of ensuring a punctu
support from experts placed in the area of the warehadusemplete and cost-e cient delivery of grocery shops.
where the truck drivers are loading their trucks. e bases for their work are orders placed by the shops

New truck drivers who begin work after these Wave%pgfavailable resources as t_r ucks ready for tra}nsportatiqn.
disruptive innovations occur due to an increase of trg\'%” € 4 descr_lb_es the Worklng.system O,f a dispatcher in
portation capacity in a depot or due to uctuation e e gtrlbutlon logistics of food retail companies.
are not prepared by intensive seminars but by on-the-pbincreasing amount of available information (1)
training from existing drivers. In this context, a losscafised by the technical development of logistic systems
knowledge is expected and can also be traced back ito tte last years triggered a performance enhancement of
fact that new releases cause slight changes. transport planning systems (2). As a result, a constant im

e expectation can be conditionally proven by fayRrOVement in the level of competences for dispatchers is

occurring in the loading and scanning process, Whicljiezﬂjé'red ©).

measured in the amount of containers that not scanffeday dispatchers are schooled in a manner similar to
properly and were therefore left back in the warehous&rusk drivers in a seminar concept that is held whenever
contents described are summarized in Figure 3. disruptive changes for the working equipment take place.

In the future we expect increased uctuation of trigY employees are prepared by an intensive training on
jab that lasts at least half a year. ere is currently no

drivers, as well as more frequent and extensive chan & . h 4d for the planni Fov
digital technologies. Without proper preparation, mod reparation when add-ons for the planning software are

cations in the technosphere and infosphere will reinf%@duced’ except when release descriptions are provided.

the truck driver's potential for faults while ful lling work®S€ documents contain all new features without ltering

ing tasks. Consequently, the future approach is a Conrsq@(lance or importance and are written from a technical

refresh and training of knowledge for all truck drivers V\ﬁ)[?\!m of view because they are provided by the IT business

out waiting for disruptive changes in hardware or softwiH:
Case 2 — Preparing dispatchers for logistics inAova © result is an increasing e_tmount _Of featur_es that are.
; not used despite being available. Figure 5 illustrates this
tions today and tomorrow . .
_ S o by contrasting available and used features. e develop
Dispatchers working in distribution logistics of foed fgent of available functions is based on software releases
tail companies have to face changes in digital innova§igsupdates. e increasing usage of the software in Q1-
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superior mission

LE7
work task ————
‘I'|ll I-/
B el ’ L I.'\I l.'l
&
influence retroactive effect
Input ; — — = (2) Increasing performance i -
material -
mteraction l retroactive effect
(1) Increasing : ~ '
significantly Tl
¢ (3) Requires increasing level of competences

phvsical and social environment

Figure 4 Working system of a dispatcher in distribution logistics
SourceAuthors’ own illustration based on Hardenacke et al. (1985), in Luczak (1997)

2016 and Q4-2016 is not attributable to the preparaticd@onclusion

of employees but to a change of the work task. is paper has presented practice-oriented examples re

e scienti c literature predicts an exchange of roles lexed to distribution logistics provided by the expertise of
logistic systems with a transfer of executive human waakstenior transport manager employed at one of the largest
food retailing companies in Germany in order to gain in
sights into how workers are prepared for logistics-innova
tions today. As a frame of reference, the working system
introduced by Hardenacke et al. was applied to the cases
- / of how truck drivers and how dispatchers are prepared for
. logistics innovations today. Similarities of the two cases are
| the emergence of an aging workforce and a lack of spe

_ cialists, the preparation whenever disruptive innovations

take place, and the type of training that is carried out by
i ;P\b '1-6‘?' “u@‘, o o '\-6\"\
g &F & & F F & F &F F & F F K

seminar-based training methods and recently with digital
mock-ups.
mm functions used in daily business functions authorised to use TO prepare trUCk drlvers and dlspatCherS for |og|StICS In
s software releases of transport planning system novations, a I’apldly fal“ng half'“fe Of knOWIedge can be
. . . . bserved that underlines the importance of lifelong learn
Figure 5 Relation of available und used functions o D g

. ing and fast adaptation to new situations in logisties. Em
transport planning system for 2014 to 2017 ployers have to turn away from in exible training rhythms

SourceAuthors’ own illustration and start to adapt permanent methods for qualifying

Prkforce. Schooling truck drivers through gami cation,

W
computer systems. er_efore, employers have to searcg gh as the MARTINA application provided by FOM
possibilities to transmit new available features to em%"é

Kiersity of Applied Science, while they are waiting for
ees and to lower possible acceptance and resistance WF "y PPl ! W y waiting

when increasing automation or implementing arti cne§ ﬁ%rking tasks can be understood as a role model of
, . 9 O Imple g art <'=3cient, e ective, and constant improvement of the-qual
intelligence (Klumpp, 2017). is will be increasingly-im.

- i . i cgtion of workforce.
portant due to the fast, disruptive, and exponentia de\?ea}to orworkiorce

opment in informational technology and due to techno
logical advances. A rapidly falling half-life of knowledge
underlines the importance of lifelong learning and the fast
adoption to new situations in logistics (Wrébel-Laehows
ka, 2018).

160

Functions of transport planning system
e
5 & B8 8 B B8

n
=
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6JG KORCEV QH FKIKVCN VGEJPQNQIKGU
QP RTQFWEVKQP U[UVGOU KP VQFC[ +PFV

Francesco Pilati and Alberto Regattieri*

e industrial environment is currently experiencing its fourth industrial revolution, distinguished by the ubiquitous us
sensors that are able to capture large volumes of data regarding production processes. is vast quantity of digital inf
represents the raw material of thee@tury, which is able to fuel the decision processes of the factories of the future.
development and exploitation of novel algorithms and methods derived from cognitive processes of human beings re
latest trend, both for research and application in the industrial sector. e adoption of arti cial intelligence tools and tech
to design and manage smart assembly and manufacturing systems is the core of this manuscript. Two real industrial a
are presented to test and validate the afore-described approach, analysing both the advantages and the drawba
solutions. In particular, a hardware/software architecture based on depth cameras is developed to digitalize the operat
within assembly or manufacturing systems, whereas a set of neural algorithms de nes the maintenance policies for ct
condition-monitored production systems.

Introduction tors; the remarkable savings in transportation costs, which

he industrial environment is currently experiert?@ne ts _Iocal supply chains; as well as the exibility an.d

I ing what has been described as the fourth in%ﬁgpc.)nsweness needed to meet customer expectations
trial revolution, namely Industry 4.0 (140). e Davies, 2015).

ubiquitous usage of sensors, which communicate throSgich a digital industrial environment generates a huge

a world-wide network, make it possible to connect, invadume of date at high pace. erefore, the development

al-time, several entities of production systems, such as ma

chinery, equipment, nal products, components, work “‘T“g
suppliers, customers, etc. Together, these elements
prise the Internet of things (loT) (Stankovic, 2014). A it T sy e
huge volume of data produced by these connect obje e | | &ina
the raw material of thes2dentury (Bortolini et al., 2017). ey e ettt
ese technologies facilitate the development of a r et o
production paradigm, which has been termed persong Humanity < P Rationality
production. is paradigm satis es the customer’s conte “hean e oottt
porary need to participate in the production process ¢ e it i
the product design phase (Hu et al., 2011). m'i.':%fja?gfm ﬁ;:;;g:%
Furthermore, today's industrial environment is dis ik
guished by three trends of extreme importance. Firsi A:ﬂg

workforce is aging alarmingly. In the last three lustrums,
the percentage of European employees older than 50 y&igsgre 1 Arti cial intelligence de nitions proposed in
increased by 10 percent; that is, from 20 percent tdhgditerature considering the thinking-acting and human-
percent of the total working population (OECD, 2015). ity-rationality dimensions

Currently, 5.8 million European workers are 60 years or
older (7.4 percent of the entire workforce). Second, West

ern countries, Europe in particular, are experiencing th . .
P b P g%ncfadoptlon of appropriate models and methods, as well

re-shoring of production plants that were previously O - laorith d techni is of maior i
shored to emerging countries (Ellram et al., 2013). a.gorlt ms an 'tec niques, 1S o major Importance to
optain meaningful information from these data sets. One

important trend is driven by growing labour costs . ; .
emerging countries that are almost equal to those in WEipe latest trends is represented by the adoption-of biol
¥]-inspired algorithm, as arti cial intelligence (Al). e

ern countries; the higher soft and digital skills of WesBEH !N ¢ Al b ided ideri f
workers compared to those of emerging country comBStP'“O” 0 can be provided considering two relevant

SourceaRussel and Norvig, 2003

* Francesco Pilati and Alberto Regattieri, Department of Industrial Engineering — University of Bologna, Viale del Risorgimento 2, 40136 Bologna, Italy,
francesco.pilati3@unibo.it, alberto.regattieri@unibo.it
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Figure 2a.Con guration of the MAS network Figure 2b.Skeleton joints of the acquired
of depth cameras human body

SourceéAuthor’s own compilation

O s, o0, o .l g volume of data acaued by he MOOAT sy
. : T o represents the absolute geometric coordinates of each
d(;gree of Lealsonmg against behha\élou_r ina decision PY ?ﬁtsgfthe operator’s body on the shop oor, and therefore
ma(:\r(\elzfstuse ﬁt;r Cr(e)l;?opnaarlezt r?oasﬁ:assloré:gg)s?gésinw' s Skeleton posture. e developed MAS leverages-this in
dimensions Fl):i ur>(le 1 pro osgg four relévant but dige;I t dtion from an ergonomic perspective to Qynamically
. » 19 prop . . evaluate the angle of every human body articulation and
de nitions of Al that have been suggested in the “tera%"g'related movement over the monitored time (Figure
is technology ensures a precise measurement ofthe3a). ese data are further processed by the MAS-to dy
erator absolute positons in the industrial 3D environmegtically and automatically assess several ergonemic indi
in relation to the di erence pieces of equipment, products that evaluate the postures and movements of operators
and furniture displaced in the shop oor area. e MA8uring working activities. For instance, the OWAS, REBA,
automatically, quantitatively, and dynamically evaluatl$GEH and EAWS can be easily evaluated by leveraging
set of key performance indicators (KPIs) that deal withtlikedistinctive features of the MAS. A useful tool provid
monitored production process both from an ergonomicby the MAS is the automatic analysis of index trends
and a logistic perspective. in relation to the risk categories and speci ¢ body parts,

Bull lLew Slodrmm  lhgh  Viry Hgh

Rikleel W

Highilipleg

ot o Coipdng REBA scone
SCOa

Tk Lags U 24mm Lo arm st

REBA maerbody part  REDA mak: trend

B Rk bk ke [ Lo by sk Uil

Figure 3a.Body articula- Figure 3b.Ergonomic index trend over time and per body part.
tion angles, knee exempli-

cation.

SourceéAuthor’s own compilation
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which makes it possible to identify those tasks or mamuainmediate maintenance intervention. A real industrial
activities that require corrective actions (Figure 3b). application of the proposed approach is represented by a
Concerning the productive performances of the—m(gliﬁSh pasta prgductlon system. A particular sy_stem com
tored operator within the shop oor, the MAS automahonent determined several severe breakdowns in the entire
cally and quantitatively evaluates the following set of .TCUOS proc(:jess. A custohr_nlﬁed Al aI_gorlthm has been
travelled distance and velocity of the operator and- hi gifeiope to (_ete.rmme which ope_ra_tlng_parameter o
ferent body parts; vertical movements due to lifting BHYNO" along with its value, which distinguishes between
lowering activities; worker’s travelled paths and trajectﬁr?@é?' war5n|ng and brﬁ_akdown vl\_/orkllng zone. e fellow
of his hands (Figure 4a); picking activity in-depth -asdfgdigure 5 presents this exempli cation.
ment (visited locations, duration, frequency, etc.) (Figueeapproach describe above is distinguished by several
4b); and working time partitioning, such as the distinctmpportunities that positively a ect the technical and eco
between added-value (task execution) and no added+vatoie performances of the analyzed production system
(walking, picking, etc.) activities. during its entire lifetime. In particular, the most relevant

Figure 4aTravelled paths and trajectories of operator and his Figure 4b Assessment of component
hands. picking from shelves.

SourceAuthor’'s own compilation

advantages of maintenance policies based on the-continu

ous condition monitoring of an operating parameter are
A remarkable opportunity in the eld of production sfsted below (Alsina et al., 2018):

tem maintenance is represented by the adoption of data
analytics tools and techniques that exploit Al algorithms,
in particular for continuous condition monitoring. e

aim of the maintenance policies is to de ne the optinral Lower total cost of ownership of the considered pro
instant to perform a maintenance intervention, whether duction system

a component repair or replacement, in order to minimize
the production system total breakdowns and maximize its
techno-economic performance. A recent trend in this eld
of research is represented by the de nition of the mairfte Potential revenue source for the maintenance-depart
nance policies through the continuous monitoring of one Ment due to the sale of added-value services such as
or more relevant operating parameters of the consideredRAM analysis, maintenance strategy optimization,
production system. us, the maintenance interventions and forecasting of spare-part consumption.

are de ned considering the real-time conditions of op@side these positive aspects, the adoption of Al algo
or more continuously measured parameters. Appropyigi® for the de nition of maintenance policies, in par

Al algorithms have to be developed and trained to dei@@ar the exploiting of continuous condition monitor
which alert threshold of the monitored parameter requfgtsis distinguished by some possible but severe threats.

Data analytics for condition based maintenance

Enhanced plant, production system, or machine
availability

Improvement in the design of complex production
systems
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' TEMPERATURE
1]

Maintenance intervention
before failure

Figure 5.Maintenance policy based on the continuous condition monitoring of an operating parameter.
SourcéAuthor’s own compilation

First, the determination of the link between a weak massessing and subsequently exploiting the di erent clusters
itored signal and the component or system reliabilitgfiglarms led to negative results.

signi cgntly challe_n_ging. e _most relevant deCiSipn%onclusion and further research

deal with the de nition of which parameter to monitor,

which is the link between the parameter value and the tifig?@per proposes the adoption of Al tools and tech
before failure and whether or not to link the conditiBifiues to design and manage production systems in the
information with a known failure state of the monitoré¥flustry 4.@nvironment. Two real industrial applications
component. Furthermore, a major challenge is represéiaég) been presented to test and validate the approach de
by the de nition of a proper measurement chain and $66bed above, analysing both the advantages and also the
storage of the collected data. e relevant decisions @éaywbacks that distinguish such solutions. In particular,
with the identi cation of which sensor is appropriate gphardware/software architecture based on depth cameras
the monitored process, where to place the sensor eondrgrdeveloped to digitalize the operator motions within
ing the appropriate necessary space, the storage Cap§§§9r@ply or manufacturing systems, whereas a set of neural
the collected data with a demanding amount of data t8!g@rithms de nes the maintenance policies for centinu
managed, and customer unwillingness to provide the @y condition monitored production systems.

about their production processes. Finally, the rst sign@smain outcomes of this research suggest that current

to be used, at low cost, are those typically needed togeRnfuture technological resources o er interesting-oppor
trol the technological process of machines; these aretgfiRigs to exploit Al tools and algorithms for production
available but neglected, such as positions, speed, cugigiitims. Al can accelerate the development of strategies to
and temperatures. monitor these systems, with a particular focus on human

e application of dierent Al algorithms to severaPerformances and to de ne proper and e cient mainte
real industrial production processes to de ne the optififdlce approaches. A relevant risk is represented by the fact
maintenance policy con rms this con icting trend. Sorftat this new paradigm could eventually emphasize the
of the approaches that have been tested in various'&488t problems related to data collection and interpreta-

studies, with mixed results, are listed below: tion. Unfortunately, from an engineering perspective, it is
not foreseeable to signi cantly reduce the di culty deter

* An articial neural network was developed_aﬂﬁned by the monitored data interpretation. us, further
adopteq to foreqast the_ spare-part_(_:onsumptlopeggarch should focus the e ort to reinforce the process
packaging machinery, with very positive results. to analyze the huge quantity of collected data, along with

e A support vector machine was adopted to forepastiding meaningful information that has strong rela
the reliability of mechanical and electric componeitss and backgrounds to real industrial applications.
in a refrigerating plant, with positive results along
with some potential threats.

* A random forest algorithm was implemented-to re
mote monitor a cutting machine reliability assessing
the di erent occurring alarms. e di culty of
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. KCDKNKV[ CPF CWVQOCVKQP NGICN KUL

Giuseppe Contis&aFrancesca LagiéfaGiovanni Sartér®

e deployment of highly automated systems, such as autonomous cars, is going through an accelerated expansio
for emerging disruptive technologies a slow start is followed by a more and more rapid surge. One of the most impo
issues concerning these systems is related to liability for accidents. In particular, highly automated systems will make
engage in actions — usually with some level of human supervision, or even without any such supervision. In this con
is the need to analyse how the decision-making process is split between humans and machines, and critically rev
tasks, roles, and liabilities are allocated. In this contribution we analyse the impact of automation in the allocation of |
within autonomous cars. We rst discuss the tasks allocation between human and automation, and the resulting respol
en, we analyse how the introduction of di erent levels automation gives rise to a redistribution of tasks between hum
automation and, therefore, a reallocation of the liability burden between the user and the manufacturer.

Task-responsibilities and the impact of automation  To this end, we consider the Level Of Automation Tax
n order to introduce the analysis of liability issues2RMY (LOAT), developed by SESAR 16.5.1 (Save anql
F-eéjerberg, 2014) used to assess the levels of automation

need to refer to the concept of task-responsibility, I “duced b hnol diod ine th

the duty pertaining to the correct performance off§oduced by a new technology and to determine the cor

certain task or role. responding impacts on the division of tasks between hu
mans and machines.

First of all, we need to identify task-responsibilities of the , L. o
LOAT table provides criteria for assigning a level

user, since their violation may result in personal liability. ‘ tion o a technol ith 4 to four i
In fact, whenever there is a failure in a complex systerﬂ, gromation 1o a technology with regard to tour-di er

try to connect the failure with the missing or inadeq éco_gnitive fun_ctions: infqrmation gcquisition (A), ".‘
execution of a task, and so with the (natural or Iegtal)?c gnation analysg (EI’:).’ demie,loE-maklng (C)If ac?d acftlon
sons who were responsible for that task. Asaconsed8 h% fgtA"’_‘;E_'onn( )I. \gure - s c.)vr\:sla sllnaple versm;n
of the failure to comply with their task-responsibiliti E,t € - all columns start with level 0, correspon

these persons are subject to blame, penalties, and/H}gtltn%ai:u_”y Imanual achrSplislhlmint of Lh? task, Witrﬂ.oﬁtd
payment of damages. any technical support. At Level 1 the task is accomplishe

_ . ~ with “primitive” technical tools, i.e., low-tech non-digital
Secondly, we need to identify task-responsibilitiegrgdffacts. From level 2 on upwards, “real” automation is
the automated system, namely, the requirements-thergdtved, and the role of the machine becomes increasingly

tem should comply with. ese are also relevant, sincgighij cant up to the level where the task is fully automated.
failure to meet them may make the system’s producers o

r. . .

maintainers liable. With the introduction of higher Ie\/A‘ certain te_chnology may have di erent Ievels_ of automa
els automation, as task-responsibilities are progres Rkl cco_rdmg to vx_/hether th? actors are dealing with the
delegated to technology, liability for damages shifts Q4#h cognitive functions mentioned above.

human operators to the organisations that designed andOAT expresses varying levels of interaction between
developed the technology, de ned its context and usesians and the technology in question. In the fst in
and are responsible for its deployment, integration, ftadce, it is used to better understand technology: It pro
maintenance. vides an accurate account of human-machine interaction

In this context, it is necessary to adopt a systematié‘r}szserveS aslla_tool for re hing the cliont():ep_t of fa?]torr?atlon.
proach to match the degree of automation to dier { conceptualizing automation on the basis of the human

responsibilities of users of automated systems at di ?er’ it generates awareness of human-machine interac

levels as well as to the responsibilities of other actof9th
volved (managers, producers, and maintainers)(Contissa et
al. 2013).

aCIRSFID, Alma Mater — Universita di Bologna, Italy, giuseppe.contissa@unibo.it
®Law Department, European University Institute, Florence, Italy, Francesca.Lagioia@EUI.eu, Giovanni.Sartor@EUl.eu
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A B c D
INFORMATION INFORMATION DECISION AND ACTION | DECISION AND ACTION
ACQUISITION ANALYSIS SELECTION SELECTION

M Manual Information Morking-memory based M Human M Manual Action and
Acquisition Information Analysis Decision Making Control

ﬂ Artefact Supported ﬂ Artefact Supported ﬂ Artefact Supported M Artefact Supported
Information Acquisition Information Analysis Decision Making Action Implementation

M Low Level Automation % Low Level Automation ﬂ Automated Decision % Step by step Action

Support of Info Acquisition Support of Infa Analysis Support Support
M Med. Level Automation ﬂ Med. Level Automation ﬂ Rigid Automated M Low Level Support of
Support of Info Acquisition Support of Info Analysis Decision Support |  Action Sequence Execut.
A4 | High Level Automation % High Level Automation ﬂ Low Level Automatic |D4] High Level Support of
Support of Info Acquisition Support of Info Analysis Decision Making |  Action Sequence Execut.
E Full Automation E Full Automation E High Level Automatic E Low Level Automation
Support of Info Acquisition Support of Info Analysis Decision Making of Action Sequence Exec
@FullAutomatic Decision MMedium Level Automat.

Making of Action Seq. Execut.

M High Level Automation
of Action Seq. Execut.

M Full Autemation of
Action Sequence Exec

Figure 1 e Level Of Automation Taxonomy (LOAT)
Sourceeadapted from Save, L., Feuerberg, B.(2012), pp. 48-50.

Assessing the liability impact of autonomous cars operate a vehicle in on-road tra ¢ (e.g. lateral/longitudi

Road transportation is a domain, where the technolggﬁ?lmdo_tlon,hmonltorln_g ;he o_Irlvmg errllvwonnjent,hetg.)l,_
cal development is introducing high levels of automat uding the strategic functions such as trip scheduling

In order to analyse the issues related to the introdu&%selecnon of destinations and waypoints.

of driving automation, the industry has adopted the SA&Hnctions 3 and 4 are collectively referred to as “object
international standard J3016, a taxonomy describingatiteevent detection and response” (OEDR).

full range of levels of dnvmg automation in on-r_oad_mﬂ] levels from O to 2, the driver performs part of all of the
tor vehicles (SAE International 2016). e classi catiog+ whereas form level 3 to 5 the Automated Driving

system is based on the levels of driver interventiong?giie (ADSperforms the entire DDT, while engaged
attentiveness required, resulting in a scale of six levels ofm ’ '

automation, ranging from level 0 (no driving automatiof) this section, we map the driving automation levels de
to level 5 (full driving automation). scribed in the SAE standard to the four cognitive functions

levels of drivi . q d by ref of the LOAT. We identify, for each driving automation lev
€ heves of ”V'?g alutorr(;agon areh efnﬁ %/re EreNEP and for each cognitive function involved, the respon
to the speci ¢ role played by each of the three pri ities among user and manufacturer, and the resulting

actors (the human driver, the driving automation SYS{RIEal liabilities. In analysing the di erent levels, we focus

other vehicle systems and components) in performing) Yhe driving tasks a ected by automation. We do not

namic dr_iving tasks_(DDT). Dy”a’_“‘c driving tasks inqug(?nsider the cases in which the automated driving system
all real-time operational and tactical functions requ're%@lsengaged, since in these cases all dynamic driving tasks

T usdlu 3 E]JAJVP "CeS u ~ Ne]er§Z Z EAE v *}LAE 3828 E }oo YA 0OC % 0 }( % E(E
E P E o0 ¢ }( AZ 3Z E 15 ]* oJu]s 38} % ]. }% @& Y}v o <]Pv }u ]Jv ~K eX_ ~~ :iiioU % PX ie
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are performed by users. Moreover, we do not consideRé&garding information acquisition, the system uses pre
abilities not directly related to driving tasks, for exang@ened criteria to integrate, Iter and highlight informa
liabilities related to the maintenance of the vehicle artibof supports the user in integrating data, lters informa
the ADS systems, which can be apportioned across dicr items and highlights the most relevant. e user, after
ent actors (the driver, the owner, the manufacturer, etbging instructed on the information acquisition functions,

Level O monitors their performance.

In SAE J3016 standard, level O (no driving automation ; . L N i
the driver performs the entire DDT, while the drivirg rin comparing, combining and analysing information

tomation system (if any), does not perform any parl[t(-i'ﬂ'ls concerning the status of the system’s processes, based
the DDT on a sustained basis, although the systen@iﬂarameters pr.e-de ngd by_ the user, an_d alerts him if the
the vehicle may provide warnings or support (e.g. anti-rlgﬁwts of analysis require his/her attention. e user de

brake systems, conventional cruise control, or electrﬁﬁftthe pa1rameters of the dprocess, ta}keslduly Into account
stability control). the system’'s outcomes and reacts to its alerts.

garding information analysis, the system supports the

e user is entirely responsible for the following tasléfegarqmg decis_ion making, the systerr_1 Proposes de_cision
the acquisition and Itering of information; its analys Eernatlves and informs the user about its determinations.

the generation of decision options and the selection ofthiger Is monitors the determinations of the system.
appropriate ones; the execution and control of actions.Regarding action implementation, the system performs

According to the LOAT, the tasks involved in drivingaé{tomat'ca”y a sequence of actions after activation by the

level-0 automation are correspondingly classied ad/S€Y: € user monitors the sequence and interrupts-its ex

(Artefact-Supported information Acquisition); B1 (Art%CUtion when needed.

fact-Supported Information Analysis); C1 (Artefact-Supccording to the LOAT, the tasks involved in driving at
ported Decision Making); and D1 (Artefact-Supportedvels 1 and 2 would be classi ed as A5 (Full Automation
Action Implementation). Support of Information Acquisition), B4 (High-Level Au

In case of accident caused by a failure in executing d 518#0” S'upport. O,f Informgtion Analysis),. C4 (Low-Lev
utomatic Decision Making), and D4 (High-Levet Sup

these tasks, the manufacturer is liable only when-he§ foé X i :
vided a defective or non-standard compliant tool, that 'P}Qolﬁ of Action Sequence Execution) at maximum.
a role in the causation of the accident (for example, deliecase of accident caused by a failure in executing one of
tive brakes preventing the car to avoid the collision). Ithallfunctions, the manufacturer is liable only when pro
the other cases, user’s liability is to be considered. viding a defective or non-standard compliant tool that had
a role in the causation of the accident (for example, a pro
duction defect concerning brakes that cannot prevent the
Level 1 (Driver Assistance) is de ned as ‘the sustaiaegb avoid the collision, or a design defect concerning the
and ODD-speci ¢ execution by a driving automation syger interface being unable to provide correct information,
tem of either the lateral or the longitudinal vehicle motigry warning defect concerning the lack or insu cient in
control subtask of the DDT (but not both simultaneouspgtmation on the functioning of the automation provided
with the expectation that the driver performs the remginthe user). In all other cases, user’s liability is considered,
der of the DDT." e driver must supervise the drivingince most of the dynamic driving tasks fall under-the us
system performance by completing the OEDR subtasd¢'§fcontrol and responsibility. In particular, the user might
the DDT as well as performing the other dimensionpaffound liable when acting without reasonable care, in

vehicle motion control. cluding when s/he failed in monitoring the performance of

Level 2 (Partial driving automation) di ers from LeJ8E System, taking duly into account the system’s outcomes
1 because the driving system is expected to executé@hdfigacting timely to its alerts or any other risky situation.
the lateral and the longitudinal vehicle motion control gieye| 3
multaneously. us, the di erence between Level 1 and
2 is merely quantitative, in the sense that it concerns

extent of the automated motions of the vehicle, underg

Levels 1 and 2

I{p1 evel 3 (Conditional Driving Automation), the driver
n\ﬁn e the ADS is not engaged) is expected to (1) verify
e operational readiness of the ADS-equipped vehicle;

man control. . : .
(2) determine when engagement of ADS is appropriate.
When the ADS is engaged, the driver shall be ready to in
2dZ K% @& Y}v o +]Pv }u]v ~K U ]e 8Z ¢ & 3}(8Z % ]. }v]Yive pv & AZ] Zz P]JA v E]AJVP

«]Pv 8} (uv Y}vU ]Jv opu JvPU pu$ v}s oJu]ld S}U E]JAJvP u} X
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tervene and to take back the control when requestedtoghat reached by a human adopting due care under the
ADS, while engaged, is expected to (1) perform the esginge conditions.

DDT; (2) determine whether ODD limits are about to bg;qa s jiapility is to be considered when (1) the user does
eﬁ(cee_ded_ and, if so, !ssueha tlhmelyfq request to mterva& fspond appropriately to a request to intervene; (2)
the driver; (3) determine whether there is a DDT perfghonever the ODD limits are exceeded, since s/he is ex

mance-relevant system failure of the ADS and, if so, | eLted to monitor the system’s performance, take duly into

a timely reques’F to mterv.ene.to the driver; (4') disen 96unt its outcomes and react to its alerts.
an appropriate time after issuing a request to intervene, or
immediately upon driver request. Level 4 and 5

Regarding the acquisition of information, the systdsVvel 4 (High driving automation) is the level where the
supports the information acquisition; has prede ned critdver, while the ADS is not engaged, shall (1) Verify the
ria for integrating, Itering and highlighting informatiorPPerational readiness of the vehicle; (2) Determine wheth
supports the user in integrating data, Itering informati®hto engage the ADS.

items and highlighting the most relevant. e user, afteyvile the ADS is engaged, the driver becomes a passen
being instructed on how to use the system, monitorgdis(if physically present in the vehicle) or a dispatcher.
performance. e passenger/dispatcher is not expected to perform the

Regarding information analysis, the system perfdad or DDT fallback and to determine whether and how
comparisons and analyses of data available on the stiachfeve a minimal risk condition. us, the automated
the process being followed, based on parameters de rdg Hfallback and minimal risk condition achievement
design level. e system triggers visual and/or aural ale#fability of the system is the primary di erence between
if the analysis produces results requiring attention by@yRl 3 and level 4 ADS features. However, the passenger
user. e user takes duly into account the systems oMtl become a driver after a request of disengagement.

comes and reacts to its alerts. e ADS, while not engaged, is expected to allow engage

Regarding the decision and action selection, the sy&@f only within its ODD. While the ADS is engaged, it
generates decision options, selects the appropriatelSofected to (1) perform the entire DDT; (2) eventually
and decides all actions to be performed. e user can sa$éie a timely request to intervene; (3) perform the DDT
turn his/her attention away from the dynamic driving tafgklback, automatically transiting to a minimal risk con
but must still be prepared to intervene when called (8RN when (a) a relevant DDT failure occurs; or (b) the

by the vehicle to do so, or whenever the ODD limits 4$€r does not respond to a request to intervene; or (c) a
about to be exceeded. user requests that the system achieve a minimal risk condi

tion; (4) disengage if appropriate only after (a) it achieves
inimal risk condition or (b) the driver is performing a
,e(5) delay eventually user-requested disengagement.

Regarding action implementation, the system initi
and executes automatically a sequence of actions, wh
user monitors all the sequence and interrupts it during its

execution, when requested by the system or whenevek@yg! 5 (full driving automation) di ers from Level 4 only
ODD limits are about to be exceeded. for the unconditional/not-ODD speci ¢ performance by

di he LO h ks involved in drivi the ADS. is means that the system can operate the ve
According to the LOAT, the tasks involved in drivingiilje ynder all driver manageable all-road conditions, i.e.

level 3 would be_z classi e,d as AS (Full Automatlon. re are no geographical, weather or time-based restric
port of Information Acquisition); B5 (Full Automatio

Support of Information Analysis); C6 (Full Automatic

Decision Making) and D6 (Medium-Level Automation oferefore, with regard to the acquisition of information,
Action Sequence Execution). the system supports the information acquisition; has pre

de ned criteria for integrating, Itering and highlighting

In case of accident caused by a failure in executingn ation; integrate data, lter information items and
of the functions, since most of the dynamic driving 135 ﬁlight the most relevant for the user

fall under the system’s control, the manufacturer is liable

(1) when providing a defective or non-standard complidith regard to the information analysis, the system shalll
tool that had a role in the causation of the accidentPgform comparisons and analyses of data available on the
whenever the system fails to carry out the assigne@!gisR of the process being followed based on parameters
with a level of performance that is (at least) compa@®feed at design level. e system triggers visual and/or
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aural alerts if the analysis produces results requiring a@emage or harm is gradually transferred from humans to
tion by the user. e user may take into account the sgsiterprises using the automated technology, that replaced
tem’'s outcomes and react to its alerts. the human operator and /or to the technology developer

With regard to the decision and action selection, the (&;ggrammer, manufacturer) that created the technology.

tem shall generate decision options, select the appropwéide the trend of transferring liability from the -indi
ones and decide all actions to be performed. e user ¢@ual to the enterprise has been observed for quite a long
safely turn his/her attention away from the dynamic dtime (Briiggemeier 2006), new Al technologies accelerate
ing task but may intervene when called upon by the wéis trend, since they deeply impact on the tasks of human
cle to do so, or, in level 4, whenever the ODD limits aperators, not only quantitatively but also qualitatively,
about to be exceeded. replacing human operators in their higher cognitive func

With regard to the action implementation, the systfﬂp_s" ranging from the analysis of information to the se

initiates and executes a sequence of actions. e use_%ﬁn of a QEC'Slon or an actlon_, to the fully automated
only monitor part of it and has limited opportunities fgiplementation of the chosen action.

interrupt it, for example, in case of user-requested dig@hcourse, not all advanced technological systems possess
gagement under appropriate conditions. these cognitive functions to the same extent. For exam

According to the LOAT, the tasks involved in driving%?',many currently employed automated systems are not

levels 4 and 5 would be classi ed as A5 (Full Autom ﬂgned to automaticqlly implement the chasen actians,
Support of Information Acquisition); B5 (Full Autem ut only to suggest actions to be executed by the human

tion Support of Information Analysis); C6 (Full AutemdtPerator.
ic Decision Making) and D7 (High-Level Automation ofn order to evaluate the nal liability allocation between
Action Sequence Execution). di erent actors, it is necessary to assess each technology’s

In case of accident caused by a failure in executing dHEENt levels of automation in performing di erent cog-
the functions, since all dynamic driving tasks (in Ievé]'tilv.e functhns <aC9‘!'“”9 mformgﬂon, analysing 4nfor
within the ODD limits) fall under the system's control, taation, making decisions, and acting on them).
manufacturer is liable (1) when providing a defectivelioshould be noted that intermediate levels of automation
non-standard compliant tool that had a role in the-caasa sometimes those that create higher levels of legal risk for
tion of the accident; (2) whenever the system fails to cantgin actors. It happens because of a high fragmentation
out the assigned task with a level of performance thattask-responsibilities between the automated technology
(at least) comparable to that reached by a human adoptidghe operator in these levels, possibly leading in some
due care under the same conditions. Since at this lee@#lcamstances to uncertainty in the assignment of tasks. In
automation the user is not expected to respond to- angddition, intermediate levels of automation usually imply
guest to intervene when the ADS is engaged, user’s liadflitya greater complexity in the human-machine interface,
is to be considered only when the ODD limits are exceette fragmented tasks require more interaction between a
ed, or when, following a user’s request, the system pesuitaology and its operator.

the ADS disengagement. In legal terms, this may translate to an increased duty of

It should be noted that vehicles under Level 4 or 5 gag, resulting in a higher liability risk for (a) the operator;
be designed to be exclusively operated by ADS for all opthe organisation employing the operator, both-for vi
In this case, they may be designed without user interfeasus liability and for organisational liability; and, nally,
such as braking, accelerating, steering, etc. ese catedojid®e producer of the technology, since higher complexity
of vehicles do not necessarily involve a driver. Whernetee human-machine interface would increase the risk of
user interfaces are missing, the user will not be able tedhnological failure (Schebesta et al. 2015).

tervene in any of t_he Dynamic Dnvm_g T_a_s_ks, alr‘(]I’therl\ﬁoreover, from a safety perspective, in intermediate lev
fore cannot be subject to the related liabilities. els characterised by higher levels of automation in acqui
sition and analysis of information, and lower levels in the
action selection and implementation, it is questionable,
whether the user has concrete possibilities to intervene in
When automated systems are increasingly introdgeg@ecision-making process, since s/he will not be in the
into a complex system, the main e ect is that liability f@ssition to critically revise and evaluate (in due time) all

Conclusions
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the environmental information required to take a deci
sion. In time-sensitive situations, the action by the user
will be mostly instinctive, rather than based on a rational
process. ese may result in worse outcomes. For example,
the choice of braking may be taken and executed faster
by automation, rather than analysed and proposed to the
user, that will subsequently assess, select and implement
the proposed action, or even disregard it. Besides, even in
non-time-sensitive situations, it is possible to argue that an
autonomous car is able to collect the relevant information
and evaluate all the possible outcomes of alternative ac
tions more precisely and faster than any human should, for
example, considering the car speed and its distance from
an obstacle (e.g. a pedestrian or another car) to evaluate
the more appropriate manoeuvre (e.g. swerve or stay on
course and break). For these reasons, we believe that in
many domains, full automation is preferable to intermedi
ate levels of automation, both from the legal and the safety
perspective.
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CALL FOR PAPERS

e journal Competition and Regulation in Network Ind(S&i8g) is launching a call for papers for a special issue
on theRegulation of the new Network Industriessich as social networks, sharing economy and théigigabf
PlatformsandOnline Intermediaries.

e special issue will be publishedrly 2019 Papers should be interdisciplinary in nature, but can be written from
economic, legal, political science or engineering perspectives. Papers will be assessed by a small group of glob:x
established expert professors in this area.

If you are interested, pleasad your 300 words abstraiti Prof. Matthias Finger(editor-in-chief)

matthias. nger@ep .ch

SusmiT Now!

CALL FOR PAPERS

Florence Conference on the Regulation of Railways

e call for paperdor the Florence Conference on the Regulation of Ragveges until August 31st , 2018
e conference will take place oft8 Decembe018in Florence (ltaly).

We are looking for original papers covering the various aspéetayfegulationrandfocusingeitheron a coun
try or aregionor on mordransversal issuesich asompetition, tendering, high-speed services, intermodality,
digital mobility/railway platformsand others more.

Contributions utilizingnultidisciplinary, as well aisiterdisciplinary approaches to regulation, are very welcome.
Paperdjnking academia and practices well gsolicy research paperare particularly encouraged.

e conference is intended facademicsuch as PhD students, PostDocs and assistant/associate/full Professors, as
well as academically minded practitioners. e best papers will be eligibldit@tion in theRailway Regulation
Handbookto be published by Edward Elgar in 2019.

e Conference is organized by theansport Area of the Florence School of RegulatidrineEuropean Uni
versity Institute(Florence) andNED University (Madrid), and it will take place in Florence (Italy).

LEAaRN MoORE!

CALL FOR PAPERS

e journal Competition and Regulation in Network Ind(S&i8g) is launching a call for papers for a special issue
on:*“ e other side of the Silk Road”. Chinese Investments in Latin American Infrastructures.

e special issue will be published Fall 2019 Papers should be interdisciplinary in nature, but can be written
from economic, nancial, international relations, legal, or political science perspectives. Papers will be evaluated an
selected by small group of globally established expert professors in this area.

If you are interested, pleasedyour 300 word abstracto Prof. Miguel A. Montoya(editor-in-chief),

mmontoya@itesm.mx

Deadline for abstract submissio8eptember 30th, 2018
Full-length article due: January 31st, 2018
Manuscript acceptance: March 31st, 2019

SusmIT Now!
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Following the usual approach of
the Florence School of Regulation,
stakeholders and academics will
#E 9 <« & e s 8EsS5@ UEs
being organized in Budapest, and
actively debate the most important
<E"Tx 9 <& &a,U Eu = s
On this occasion, the discussion will
revolve around the Single European
Sky (SES) and its development in the
[E5 9 NE N %axsxc

For information on the agenda and
registration, please, contact us at
UXSc«<s*9x"Es<AAsS cas
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Network Industries Quarterly, Vol. 20, issue 3, 2018 (September)
“New network structures: decentralization, prosumers and the role of online platforms.”

Presentation of the next issue

e de- and re-regulation of the di erent network industries is an on-going process at both the national and global
levels. As this process unfolds, ever new phenomena emerge, necessitating a constant reassessment of the conte
objectives of regulation.

e rapidly evolving Information and Communication Technologies (ICTs) have signi cantly challenged-the tradi
tionally stable landscape of infrastructure services provision. e new data layer over the traditional infrastructure anc
service layers is transforming network industries: online platforms create new indirect network e ects, they allow ne
service providers to enter the market (prosumers, sharing economy providers, etc.), and they challenge the central ro
traditional infrastructure managers/service providers as entities ensuring the coordination of the sectors.

O ering traditional and new services in an innovative way is a growing trend among public authorities, traditional pro
viders as well as new private operators, prosumers and platforms. However, together with great opportunities, disrupt
innovations also give rise to megulatory challengegspecially when it comes to infrastructure nancing and the
coordination of operations.

e next issue of the Network Industries Quarterly (NIQ) will be dedicated to some of the best papers presented at
the7th Conference on the Regulation of Infrastructuregich is organized by the Florence School of Regulation in
June 2018. Selected academics and practitioners have been invited to Florence to discuss the latest developments i
regulation of di erent network industries, namely transport, energy, telecoms and water distribution. Both the Confer
ence and the next issue of the NIQ have a special foews metwork structures: decentralization, prosumers and
the role of online platforms.

More information

If you are interested in learning more about #tie Conference on ¢h Regulation of Infrastructures. New
network structures: decentralization, prosumers and the role of online ‘pémidicthe sext issue of the
Network Industries Quarterly, please send an email lindgsLapenkovat FSR.Transport@eui.eu
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Implementation of the liberalization process has brought various
challenges to incumbent rms operating in sectors such as air transport,

telecommunications, energy, postal services, water and railways, as well as to

new entrants, to regulators and to the public authorities.

erefore, the Network Industries Quarterly is aimed at covering research
ndings regarding these challenges, to monitor the emerging trends, as well
as to analyze the strategic implications of these changes in terms of regulation,
risks management, governance and innovation in all, but also across, the
di erent regulated sectors.

e Network Industries Quarterly, published by the Chair MIR (Management

of Network Industry, EPFL) in collaboration with the Transport Area of the
Florence School of Regulation (European University Institute), is an open
access journal funded in 1998 and, since then, directed by Prof Matthias Finger.

A P

e Network Industries Quarterly is a multidisciplinary international
publication. Each issue is coordinated by a guest editor, who chooses four
to six di erent articles all related to the topic chosen. Articles must be high-
quality, written in clear, plain language. ey should be original papers
that will contribute to furthering the knowledge base of network industries
policy matters. Articles can refer to theories and, when appropriate, deduce
practical applications. Additionally, they can make policy recommendations
and deduce management implications.

Detailed guidelines on how to submit the articles and coordinate the issue
will be provided to the selected guest editor.
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Q
Irina Lapenkova Managing Editor:
irina.lapenkova@eui.eu

Ozan Bar St Designer:
ozanbarissut@gmail.com

® network-industries.org
® mir.ep.ch
® orence-school.eu

Published four times a year, tRetwork Industries Quarterlycontains short analytical
articles about postal, telecommunications, energy, water, transportation and network
industries in general. It provides original analysis, information and opinions on current
issues. Articles address a broad readership made of university researchers, policy
makers, infrastructure operators and businessmen. Opinions are the sole responsibility
of the author(s). Contadsr.transport@eui.g¢a subscribe. Subscription is free.
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Vol 20 - No. 2 (2018)
Regulation for Arti cial
Intelligence and Robotics in
Transportation, Logistics and
Supply Chain Management

Vol 20 - No. 1 (2018)
Governing Energy Transitions:
strategic challenges of local
utility companies in the Swiss
energy transition

Vol 19 - No. 4 (2017)

Public Policy and Water Regu-
lation: Some examples from the
Americas

Vol 19 - No. 3 (2017)

Regulatory Challenges for Smart
Cities

Vol 19 - No. 2 (2017)

e Problems of Regulatory
Reforms in Electricity: Examples
from Turkey

Vol 19 - No. 1 (2017)

e general framework for
liberalization and regulation of
public utilities in countries of
ex-Yugoslavia

Vol 18 - No. 4 (2016)
Reform of the Railway Sector
and its Achievements



