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INTR@UCTION

Think of the last time youiked to get something 100 percent right. | assume the first 70 to 80 percent of
the work went quite well and then the trouble started, you spend more and more effort to accompbsh
andlessprogress. Did you get to 100 percent in the @@ did youstop at 95 percent, because youvegre
just not able todo the last five percent on your own or b) the effort was just too big to be worth it? The
bottom line is that there are good reasons why we collaborate with others to achieve our goals. It isrso muc
Y2NBE STFTAOASY (G | yR &Yl NI SNJit-fi K thy dameNldgk vippliesit@ huda® | C
machine collaborationwhere human experts and automation technology collaboratgototly achieve a
certain goaby investing a reasonable amountreSources

SCIENTIFIEOUNDATION

Most automation taxonomies implicitly convélye ideathat the introduction ofautomationtechnology
is a oneway ticket.Levels of automation, representing a common and fundamental automation taxonomy,
aredefinedag I O2y Ay dzdzy 2F  S@St amanud peBormaiic 8 thd higlieSt el f S O
2F TFdzZft Fdzi2YFGA2YE ot I Miheé ozkds, Yhe vel 8fiautdmbtidrEdeseribes oY LIG
what extent a system is executing a functimmonomously. Stages of automation refer to the information
processing stage to which tleitomated functions can be attributed (Parasuraman et al., 2000). The stages
are based on a simpliour stage model of human informatigorocessing comprising sensory presing,
perception, decisiormaking, and response selection that directly translate into the four stages of
automation: information acquisition, information analysis, decision selection and action implementation
(Parasuraman et al., 2000). Thus, an autordatenctionality can be classified according to its level of
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automation and the informatiosprocessing stage it is executing, captured by the stage of automation.
Finally, the concept of degrees of automation integrates both former contdptgels and staga into one
O2yAydzzyYz Ay (G(KS aSyasS (KIFG d&KAIKSNIhighSrwsd Githin 2 F |
' &d4F3S YR 0@ AyOfdzRAY A I (SN adidegé&act autbrhatiod (séey a S
Onnasch et al., 2014) peesents the latest welkkstablished stance onlassifying automationAll of these
taxonomies seem to draw a trajectory on which human involvemegtasluallyreplaced by automation
technology.

CQURRENT DEVELOPMENTS IN THE RAIL CONTEXT

The same logic afips to the railway specific Grades of Automation or GéBHK,201h The taxonomy
incorporates an aggregation of tasks into fdunctional categories safe movement, speed control, door
operation, and disruption mitigation that need to be executed to opate safely (VDE, 2015). With each
consecutive GoOA morunctional categories and autonomy are attributed from the members of staff
most cases therain drivert to technological systems. Brandenburger and Naumann (2019b) broadly
summarised the operationahskenvironment across all four GoA:! & D2! mX GKS GNI Ay RN
responsible for the train ride including speedR 2 dza G YSYy (i X o0 X0 wg KAt S8 |y | dzi
(ATP) is monitoring adherencedpeed limits in the backgrount.i D2! HX ! ¢t A& &ARS A
train operationd ! ¢ h0 Fdzy OlGA2y Il fAle NBaALRYaAotS F2NJ [ dzizYl i
cabin remains in charge of monitoring instruments and track integrity, thus ensurirgatey of thetrip. At
D21 oYX (GKS GN}YAYy RNAGSNI Aa yz2 fdeoychsunliszHeckedlbyisStRin Ay |
attendant stationed within the running train. GoA4cisaracterised by complete absence of staff on board
and the train ride is completglexecutedby automation technology, hence the term unattended train
2LISNI GA2Yy 0 X0 ¢ Naumaxd, gORDD ypo 28 EsSoederal linear logic sibsequenttask
reallocation from the human to the automationay hold for certain applications, bdbes thislogic really
hold fortransportation, more specificallye railwayswith a wide societal audience as stakeholders with all
kinds of perspective®n issues around trust, liabilities etc.?

Yet, \ery early onan idea known as the Fitts ligtifts, 1%1) or MABAa ! . ! tfAaGa 6aaSy |
al OKAy Sa | N&ntiotSaidiffSend diredtiérdf thinking about humasmachine collaboration by
trying to figure out wich actoris better at whattask From my point of view,his direction ofthought
focusing on a profiency-based task allocatioprovides a more promising approach to finding the right
balance of human machine collaborationdar socictechnicalrailway system enablingsafe, efficient and
securefuture railway operation. Folowing this train of thought, a line agesearch(see literature review in
Brandenburger 202]) started investigating from a us@entred perspectiven what role the human staff
couldbest contribute to safe and reliable automated railway operation suctbaA3 or GoA4, given certain
operational, economic, regulatory and societal premises. Operationally, human deciaking seems vital
due to the dynamic realorld constraints mainline railway is operating under requiring constant situation
assessmenand replaming. Economically, automating the operation in every possible system state seems
overly costly aaminimum, and justnot particularlysmartas pointed out in theéntroductory exampleFrom
a regulatory point of view, legglrisdiction currenly simplycalls for human supervisiaf railway operation
to maintain high safety standards that areluable and probably only for negotiation, once a humerchine
collaboration setting can provadherence to these standards innatertight fashion First empirical results
suggest e.g. a more balanced operator workloeetluced fatigue and supposedlguicker subsequent
reaction times to critical stimu[e.g. brake indications on theuropean Train Control SysteBT(CEDriver
Machine Interface (DMI)]in GoA3/4 setting compared to GoA2 (Brandenburger, 2021, see figure 1).
Furthemore, a study found positive expected effects of GOA3 on job satisfaction in comparison to GoA2
(Brandenburger & Naumann, 201&) st but definitely not least, society as a whdeEmands high safety
standards(CE Delft2018)which are competing with mainly economic objectivemitomation just needs
some tolerable margin of error to be economically reasonable. This margin of error needs to be monitored
at times through human staffn light ofthese premisesthe idea of situatiorspecific human intervention
into an otherwise automateds0A3/4operation was developedBfandenburger & Naumann, 20j1and
empirically evaluated Brandenburger, 2021 At the heart of this idea lies thsimple notion that the
automation itself needs to detect its own system limits and basicallg fallhelp from the human staff
situated remotely once an operational situation emerges that exceeds automation capability and thus
exceeds the tolerable mamyiof error.
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