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Abstract - Trends like re-urbanization and the growing e-

commerce market present logistics service providers with 
unforeseeable challenges. Within this context, autonomous 
delivery vehicles are often stated to be an innovative solution for 
urban logistics. This paper introduces the status quo of the 
research regarding automated transportation and presents the 
transdisciplinary project BUGA:log that takes a real-world 
laboratory approach to develop and test autonomous vehicles for 
last-mile logistics. This project uses the Federal German Garden 
Show in 2019 and the new housing quarter, which will be built on 
the venue, as a real-world lab. The approach taken encompasses 
four dimensions that are applied as a framework, namely, 
stakeholder/user space, methodological space, creative space and 
management space. Findings from a qualitative and a 
quantitative survey show that the social and technological 
challenges are closely linked. 
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I.  INTRODUCTION 
Recent trends like re-urbanization, the rise of e-commerce, 

a heightened focus on sustainability and technological 
advancement have increased the importance and relevance of 
urban logistics [1]. The balance of supply and demands of 
goods within urban areas is a challenge for scientists, 
companies and cities alike [2]. Urban logistics therefore present 
challenges that are transdisciplinary. Reseachers from the fields 
of logistics, engineering and social and political studies are 
involved, using different methods and working at an 
interdisciplinary level. One option is the so-called “real-world 
laboratory”. Real-world labs offer a setting and a methodology 
at the interface of science and society. Their goal is to generate 
transformation knowledge and contribute to societal change 
[3].  

This paper gives insights into BUGA:log a real-world lab 
for the development of an automated freight transport system 
for urban areas. The context for this exploration is the Federal 
German Garden Show 2019 (BUGA2019) in Heilbronn, 
Germany. As part of the exhibition, a new housing quarter will 
be built, which is part of an integrated urban development plan 
for sustainable city development. Within this context, 
BUGA:log is offering an open and integrative environment to 

develop solutions for the rising logistical challenges in urban 
spaces.  

This paper is structured as follows: firstly, we provide a 
general introduction to the real-world laboratory approach and 
the status quo of automated transport systems for goods in 
urban areas. This will help frame the project and contextualize 
it in current scientific literature. Secondly, we introduce the 
participatory action-research approach taken in the design 
process of this social and technological innovation. Thirdly, 
findings from the qualitative and quantitative research 
undertaken within BUGA:log will be presented. The paper 
focuses on the stakeholders' perspective and resulting scenarios 
as well as the current technical development of the autonomous 
vehicles.  

II. RELATED WORK 

A. Real-World Laboratories 
Real-world laboratories have emerged as an approach to 

support transitional processes at the interface of science and 
society [4]. They differ regarding the topics they focus on, the 
actors involved, and the governance structure [5]. In recent 
years, real-world laboratories have increasingly been initiated 
in cross-organizational collaboration between individuals from 
an academic setting and from government, industry, and 
citizenry, with the aim of fostering transformational change 
processes towards greater sustainability [6, 7].  

Real-world labs may have several benefits: they have the 
potential to contribute to societal change and transformation. 
At the same time, they are a space for scientific and societal 
learning and create transformation knowledge that can be 
transferred to other contexts [3]. Regarding the method of 
research, they rely on transdisciplinary research and aim at 
scalability and transferability of results. The research approach 
is experimental: the transformation experiments in real-world 
laboratories attempt to produce knowledge and social learning 
and thus systematically evaluate the complete undertaking [7]. 
The experimental approach taken is different from other 
experiments in several ways [8, 9]:  

Firstly, while real-world labs are hypothesis-driven, these 
hypotheses might not be explicitly formulated and the 
presentation of new knowledge can take different forms, such 
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as newspaper articles or art exhibitions [10]. They are 
experimental in the sense that uncertainties are used 
constructively to generate new knowledge [11], valuing local 
knowledge and engaging the community [12]. Research in real-
world laboratories is rooted in ideas related to sustainability and 
sustainable development; unlike scientists in many other 
disciplines, researchers engage values and normative ideas [13].  

Secondly, while there has to be an experimenter who 
initiates the experiment and (implicitly or explicitly) formulates 
hypotheses and designs the approach, organizes the evaluation 
and draws conclusions, this does not necessarily have to be a 
scientist. Non-scientists can be part of the team that carries out 
the experiment and may even conduct experiments without 
contributions by scientists. Practitioners and researchers work 
together to produce knowledge that is robust and situated in a 
specific cultural, social, and geographical context [14]. The 
research process is democratized and the privilege of partial 
perspectives is taken into consideration [15]. 

Thirdly, real-world experiments are not separated from 
society; they do not take place in a laboratory – which means 
they have an immediate impact on society [16]. This 
‘laboratization’ of the world means that failures must be 
expected; even more so than in classical experiments, not all 
conditions can be controlled, so unpredictability of outcomes 
must be anticipated. This has far-reaching implications for the 
social environment: it requires openness and a social culture 
that accepts failures. Society must be willing to adopt new 
practices; the experiment might affect society in a way that 
generates reactance and opposition. Neither the interventions 
nor the outcomes can be fully controlled [17], therefore dealing 
with contingencies and considering unexpected outcomes is an 
elementary part of real-world labs [18]. This opens up 
possibilities for going beyond existing structures, but also 
makes it important to consider questions of consequences and 
responsibilities [8]. Iterative and reflexive monitoring and 
evaluation therefore needs to be an integral part of real-world 
laboratories to enable continuous individual, organizational, 
and societal learning and aid the broader systemic transition [7, 
9]. 

From their origins in innovation-based technology research, 
real-world labs have developed from a mostly technologically 
centered approach to including more and more socially 
centered research questions [19]. Research on real-world labs 
takes place in several fields, e.g. there has been an evolution 
from focusing on technology to a more general perspective like 
innovation. In this context, real-world labs help in transforming 
a production-based economy into an innovative service 
economy with the integration of users as co-creators in real-life 
environments [20]. A broader perspective of real-world labs 
goes beyond creating specific products and takes an action 
research approach to involve local people in an open 
participatory process of improving their living spaces [19, 21]. 

The state of Baden-Württemberg (BaWü) has one of the 
largest collections of transformative lab research settings in 
Europe, which are also funded by the state [3, 22, 23]. These 
include seven real-world laboratories that focus on cities as 
experimentation areas with transformation [24]. These urban 
real-world labs focus on topics ranging from demand-based 

public transport and logistics to social and economic 
integration of refugees and the development of learning spaces 
for schools.  

B. Automated Freight Transport Systems  
‘Automated vehicles’ is a collective term that covers 

different levels of automated driving. Here, five levels are 
commonly referred to: level 1 (driver assistance), level 2 
(partial automation), level 3 (conditional automation), level 4 
(high automation) and level 5 (full automation) [25]. Level 5 
vehicles, i.e. fully automated or autonomous vehicles are able 
to manage all driving tasks that could be managed by a driver 
automatically, i.e. they are “capable of navigating in a road 
network, detecting obstacles in the surroundings, and running 
safely without human intervention” ([26], p. 2169). The focus 
of current scientific research on level 5 driving is mainly on the 
automation of conventional cars or buses (e.g.[27, 28]), and on 
freight movement in non-public areas (e.g. harbor areas) (e.g. 
[29, 30]). The level 5 automation of transport systems on 
public roads and particularly in last-mile logistics currently 
receives less attention. Nevertheless, those systems in 
particular are believed to be equal to future challenges and may 
have the potential to revolutionize transportation [31]. 

At present, fully automated freight vehicles are still 
prototypes for demonstrating and showcasing how automated 
transport systems could change and optimize last-mile delivery 
processes in urban areas. However, the rate of development 
seems to have increased during the last few years. In the year 
2017, many concepts of this kind were introduced, such as the 
Piaggio Gita robot, Domino’s pizza robot, the Marble and Yelp 
robot or the TeleRetail robot [32-35].  

The testing and use of automated vehicles like these for 
urban delivery is still limited by strict regulations. Although 
article 8 of the Vienna Convention on Road Traffic allows the 
use of autonomous vehicle drive systems on public roads since 
2016 if “they are in conformity with the conditions of 
construction, fitting and utilization according to international 
legal instruments”, it must be ensured that the system can 
always “be overridden or switched off by the driver” [36]. In 
short, automated driving on public roads is already possible, 
but not without driver supervision. 

Consequently, small automated vehicles (SAVs) that can 
deliver parcels, shopping bags or even freshly made food to the 
doorstep are currently operated exclusively on sidewalks rather 
than on roads. However, due to the speed (5-10 km/h) and the 
requirement of operator presence, this limitation seems 
remarkable. Since this segment of urban transport is still 
believed to be comparatively small (around 2% of X2C volume 
in Germany in 10 years) logisticians do not see great potential 
in SAVs for the bigger challenges ahead [37]. Nevertheless, 
SAVs have certain advantages, including: the potential of 
instant delivery, higher flexibility for customers (e.g. option to 
choose the destination and time slot), fewer operating staff and 
comparatively low costs [37, 38].   

To date, the development of SAVs ranges from the 
conceptual phase (e.g. Transwheel) to the first prototypes (e.g. 
Starship Technology, DRU Dominos Robotic), which have 
already been tested in urban environments. In the example of 
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Starship Technology, vehicles of this kind have been tested in 
100 cities, not only in Europe (e.g. in Estonia, the United 
Kingdom, and Germany), but also in the United States (e.g. 
California, Washington). Until now, they have carried not only 
shopping bags and shirts from the dry cleaner’s, but also 
freshly made food like pizza, and covered a total distance of 
100,000 km (Starship Technology, 2018a). Nevertheless, no 
SAV is run completely autonomously (level 5). For safety 
reasons, the systems are supervised by an operator and escorted 
by a robot handler [38].    

Due to legal and technical restrictions, less attention has 
been paid to the development of larger automated ground 
vehicles (AGVs). Here, only concepts and first prototypes are 
available (e.g. [37, 39]). These prototypes are, for example, 
designed and described as moving parcel lockers. The idea is 
that in future, these lockers will drive autonomously (i.e. level 
5) on public streets at a regular speed and always calculate the 
most efficient transport route [37]. Promising a 40% cut in the 
cost of last-mile delivery, AGVs are even believed to be a 
substitute for current courier, express and parcel (CEP) 
provider models [37], as soon as operators are allowed by law 
to operate AGVs on public roads without a safety driver or 
vehicle handler.  

However, in non-public areas, AGVs are not subject to the 
conditions of the Vienna Convention. Consequently, they can 
already be operated and evaluated under current legislation. 
Nevertheless, for reasons of acceptance and for collecting 
research data, it is useful to have a handler or supervisor for 
each vehicle on site during testing. 

In summary, automated transport systems, especially AGVs 
used on public roads, have great potential to revolutionize last-
mile logistics, making them not only more efficient but also 
more customer orientated. However, before these systems can 
become a standard in logistics, governmental regulations need 
adjusting, to allow automated vehicles on public roads on a 
regular basis. Therefore, more research is needed in order to 
ensure the maturity of the systems in every day scenarios. Also 
public acceptance in general and user-acceptance in particular 
must be evaluated and possibly enhanced.  

III. RESEARCH APPROACH 
In the following section we first give an insight into the 

overall approach we are taking in the BUGA:log real-world 
laboratory. We then present the methods that we use for the 
qualitative and quantitative inquiries that have been conducted 
so far. 

A. BUGA:log as a Real-World Laboratory 
The work presented here was carried out as part of the 

project BUGA:log. Using the new living quarter and the six-
month event of the BUGA2019 as a real-world lab, an 
automated transport system will be developed and evaluated in 
a public urban space. Citizens will be involved throughout the 
human-centered design process, participating not only as 
observers but able also to interact directly with the system, e.g. 
by making transport assignments using a web app on their 
smart phone (see scenario 3 "Transports of Goods for BUGA 
Visitors").  

Many of the supply processes that can be found in the 
context of the BUGA as a real-world lab are exemplary for 
logistical challenges of local supply in urban districts, such as 
supplying restaurants and souvenir stands and delivering 
parcels to homes and offices. Reorganizing traffic in this so-
called "last mile", i.e. small-scale delivery and pick-up in urban 
areas, remains challenging. On the one hand, the way these 
challenges are met is changing with citizen's increasing 
awareness about sustainability and comfort. On the other hand, 
technological development is changing the feasibility of new 
approaches such as the use of AGVs in public spaces.  

Our approach to the BUGA:log real-world lab encompasses 
four dimensions that can be used as a framework for real-world 
laboratories [40]: 

1. Stakeholder/user space  

2. Methodological space  

3. Creative space  

4. Management space  

Stakeholder/user space. This space refers to the physical 
(regional) network of contacts. The group of relevant 
stakeholders for the BUGA:log project consists of (future) 
visitors of BUGA2019, citizens of Heilbronn, officials of the 
BUGA2019, representatives of the municipality (urban 
planning, transport & infrastructure, city development, politics, 
etc.), the interdisciplinary team of researchers at Heilbronn 
(engineering, logistics, social science), other researchers from 
BaWü-labs, etc. (see Figure 1). 

 

Fig. 1.  Stakeholders of the BUGA:log real-world laboratory 

Methodological space. Our research takes an iterative approach 
and follows real-world lab frameworks that take a 
transformatory research approach in line with participatory 
action research [40, 41]. Our research activities follow four 
iterative phases. We are using a mixed-method approach to 
gain empirical insight for diagnosis and evaluation (see Figure 
2). Throughout the different phases, implicit assumptions are 
reflected to ensure that the process is inclusive. We use the 
Gender Extended Research and Development (GERD) model 
to identify gendered practices throughout the process and 
support the degendering of artefacts through reflections in all 
phases [42]. Since the BUGA2019 is an event that will take 
place in the future and much of the geographical and social 
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environment that the vehicles will be using does not yet exist, 
the iterations have many asynchronicities. While some actions 
can be taken now, others can only be planned or evaluated in 
an anticipatory manner. 

 

 

Fig. 2. Methodological space: iterative phases 

Creative space. The creative space comprises the 
development of experiences, scenarios, ideas as well as the 
artefacts like the vehicles and the exhibition surrounding the 
BUGA:log project. In conceptualizing the creative space we 
draw on ideas about boundary objects as vehicles for 
communication as suggested by Susan Leigh Star and 
colleagues [43, 44]. As boundary objects, the autonomous 
vehicles – or rather the opportunity to design them and 
experiment with them – mediate between the different 
stakeholders intentions: logistics researchers want to know how 
autonomous vehicles will change the "last mile" in urban areas. 
Engineers intend to find out how the hardware and software 
they have developed performs in a complex environment with 
many contingencies. For other stakeholders the AGVs 
communicate an awareness of innovativeness and sustainability 
that they appreciate being associated with. The funding agency 
explicitly requires that gender equality must be considered in 
the project and a gender researcher be part of the research 
team. The AGVs might thus be a chance to increase women's 
interest in self-driving vehicles – and ultimately see if having 
the human driver replaced by a technological system can 
contribute to a change in the structural-symbolic gender order 
[45, 46]. Other stakeholders have other intentions connected to 
BUGA:log, the autonomous vehicles therefore serve as a 
medium for individuals from different scientific, societal, and 
structural backgrounds. As boundary objects, they are flexible 
enough to adapt to the different individuals employing them 
and at the same time able to maintain their identity across 
individuals and backgrounds [43]. 

Management space. The management space deals with 
coordination of the activities and the stakeholders. Successful 
management of the inter- and transdisciplinary activities and 
collaboration among stakeholders is a key challenge in real-
world labs [40]. The process is guided by a core team that not 
only co-designs the process but also supplies relevant 
information to the different task forces and arenas [6]. The 
BUGA:log timeline with its future start and its fixed duration 
poses an additional challenge as does the high visibility of the 
project during BUGA2019 and the pressure that is perceived 

by the stakeholders to deliver a specific performance at a 
certain point in time with limited opportunity for trials. 

The four spaces are interlinked in the project process. With 
less than one year to go until the beginning of the BUGA2019, 
the (flexible) network of relevant stakeholders has been 
identified (stakeholder/user space), there have been several 
iterations of smaller actions being planned and taken 
(methodological space), and a project team has been 
established that guides the process, initiates activities and 
monitors their completion (management space) while the 
different individuals are working on creating "their" part of 
BUGA:log (creative space).  

In this paper, we present qualitative and quantitative 
research conducted as part of the diagnostic phase of the 
participatory action research. In the remainder of this section, 
we introduce our approach to the qualitative and quantitative 
studies that have been conducted so far.  

B. Stakeholder Participation 
In the first stage of data collection, we led eight guide-

based narrative interviews with representatives of different 
stakeholder groups. During selection of the interviewees, we 
took care to represent a varied cross-section of the population 
of Heilbronn in terms of geographical location and different 
work and life phases. All interviews were conducted by phone 
or face-to-face. Each interview lasted between one and two 
hours. Two of the interviewees were representatives of the city 
of Heilbronn and the BUGA (both male), six interviewees were 
citizens of Heilbronn (three men and three women), two had a 
migration background (Turkish and Polish), their age ranged 
from 20 to 70. Phrasing and sequencing of the invitations to 
talk about the topics ensured that the interview was 
conversational, open and non-directive to give a maximum of 
latitude for responses and extensive narratives.  

The interviews started with questions about how the 
interviewees keep their households supplied with the goods 
they need, their approach to shopping and ordering goods and 
their recycling and waste disposal habits. Each topic started 
with a lead question inviting interviewees to talk and then 
followed up with more detailed questions. At the end of each 
topic the interviewees were asked about their ‘perfect world’ 
scenario, i.e. how they would ideally like the issues arising to 
be dealt with. After these overarching topics regarding supply 
and waste disposal, the interview covered self-driving vehicles 
in urban traffic as a mode of supply and waste disposal. 
Finally, the interview moved on to the BUGA2019 and the 
plan of using self-driving vehicles at the exhibition.  

All interviewees were aware that the BUGA Federal 
Garden Show is going to take place in 2019 and that a new 
urban living quarter was going to be part of the exhibition. The 
interviewees were told about the plan of having self-driving 
vehicles as part of the exhibition, as a way to test this approach 
to urban logistics in a real-world setting. They were asked 
about their thoughts and ideas about this. The two 
representatives of the city of Heilbronn and the BUGA2019 
who were interviewed were asked specifically about their 
expectations regarding BUGA:log, They had both been 
involved in the project from the start and as collaborators had 
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an expert status regarding the project and their knowledge of 
the real-world lab setup of BUGA:log. 

 In order to make the data collected in the project 
BUGA:log accessible for a reconstructive analysis and 
different reflections, the audio recordings of the interviews 
were transcribed verbatim. The transcripts were then analyzed 
using thematic analysis [47]. Based on the thematic analysis, 
items for a quantitative survey of Heilbronn citizens were 
developed. The thematic analysis and the project framework 
conditions were also the basis for the development of 
scenarios. Based on the approach of contextual design [48], we 
arranged the data in various models. In an affinity workshop 
we developed a common understanding of the perception of 
local logistics needs and AGVs at the BUGA2019. We 
structured and clustered the analyzed data in affinity diagrams. 
Subsequently, the project team developed scenarios in an 
interdisciplinary workshop with different stakeholders from the 
project team, the municipality, and the BUGA2019 organizers. 
We formulated joint questions for further surveys, analyses, 
and requirements for the project on this communicative basis. 

C. Survey of the Population of Heilbronn 
Based on the analysis of the qualitative stakeholder 

interviews, a set of items was developed to measure the 
perceptions and attitudes of the citizens of Heilbronn. In 2017, 
we conducted the survey with citizens of Heilbronn. For data 
collection, we made use of the Heilbronn Barometer, a 
representative sample of the Heilbronn population [49]. A 
random sample of 500 participants of the 2,944 people 
surveyed were asked the BUGA:log questions. They consisted 
of 18 items: two open questions ("What do you like/dislike 
about the idea of self-driving electric vehicles during 
BUGA2019?"), one overall evaluation of self-driving vehicles 
during BUGA2019 and 15 attributes. Participants expressed 
their agreement to the attributes with regard to self-driving 
vehicles during BUGA2019 on a 5-point Likert scale from 1 - 
totally agree to 5 - totally disagree. We conducted a content 
analysis of the open questions to quantify how often a topic 
was mentioned in the free text. Descriptive statistics were 
calculated for all questions and a series of analysis of variance 
(ANOVAs) were conducted using gender as an independent 
variable. 

IV. RESULTS 
With BUGA2019 as the venue to showcase and experiment 

with the AGVs starting in approximately one year, we are still 
in the preparatory phase before the vehicles will run on site. In 
this chapter, we report on results that we have at this point. We 
draw on the four dimensions of the framework for real-world 
laboratories laid out above. 

A. Stakeholder/User Space: Qualitative and Quantitative 
Findings 
1) Qualitative Results of the Stakeholder Process 
The interviews of the stakeholders yielded complex insights 

into the way the interviewed citizens keep themselves and their 
household in supplies and dispose of their waste. It became 

clear that for our interviewees shopping, specifically grocery 
shopping, was usually not something they enjoy doing.  

The diverse set of citizens of Heilbronn who were 
interviewed mainly had a positive view of the BUGA2019 as a 
real-world laboratory for self-driving vehicles in urban 
logistics. They considered this a very interesting project and 
liked the idea that the BUGA2019 could be a place to gain 
experience with this approach. They considered it helpful that 
the vehicles could be tested there and then optimized for use in 
public spaces. They appreciated the fact that this would be 
"innovative" and felt generally positive about the idea of 
battery-electric vehicles.  

On the other hand, however, there were also worries about 
the self-driving vehicles on the exhibition area of BUGA2019. 
The interviewees were concerned that the area might be too 
small and were wondering whether there would be enough 
room for the vehicles. They were also concerned about what 
times of day the vehicles might be in use. Furthermore, they 
expressed concerns about safety since there would not be a 
person actually driving the vehicles.  

Regarding possible use of the vehicles during BUGA2019, 
the interviewees suggested they could transport heavy plants or 
other merchandise that the visitors had acquired during their 
stay and bring this to one of the exits for them (see scenario 3 
"Transports of Goods for BUGA Visitors"). Bringing ice cream 
or drinks to visitors was seen as an option and taking away 
waste was seen as another. Another idea was that the vehicle 
could be used to display advertisements or general information. 
For the BUGA2019 concession stands and the inhabitants, 
restaurants, and offices in the new quarter that is part of the 
BUGA2019, the interviewees suggested that self-driving 
vehicles could deliver mail, parcels, and supplies to them (see 
scenario 1 "Parcel Delivery" and 2 "Supplies for 
Events/Concession Stands/Cafés"). 

In general, the use of self-driving vehicles in urban logistics 
was seen as a way to reduce air pollution in urban areas. 
Challenges that were mentioned were the integration of these 
vehicles in urban traffic, and one of the main worries was the 
possibility of collisions between the vehicles and pedestrians or 
other vehicles. 

Regarding the use beyond BUGA2019, the interviewees 
liked the idea of ordering their groceries and having them 
delivered to their house by a self-driving vehicle. In general, it 
became clear that the interviewees would typically think of a 
vehicle as something that can also transport at least one person 
– in line with supply or disposal vehicles that typically have 
room for a driver and a passenger.  

Overall, the interviewees were aware that self-driving 
electric vehicles were going to be a relevant part of urban 
traffic in the near future. They were curious about the 
possibilities and how they would be implemented, while at the 
same time they were unsure about scenarios in which these 
vehicles could be used. They were skeptical regarding the 
safety of the vehicles; some suggested that using drones might 
be a safer approach since there are less obstacles in the air.  

The interviews with the two stakeholders that were 
representatives of the BUGA2019 and the city of Heilbronn 
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echoed the interests and concerns of the citizens of Heilbronn 
as possible visitors of the BUGA2019: they expected them to 
be curious about the self-driving vehicles and wanted to make 
use of the innovative flair of the self-driving electric vehicles 
for the event and for the city. The representatives expected to 
make use of BUGA:log as a means of demonstrating the future 
of the last mile of urban logistics, in a similar way to the new 
living quarter in the BUGA2019 being laid out to present the 
future of urban living. Due to the sheer number of visitors – 
several thousands are expected to visit the BUGA2019 every 
day – they did not see the chance that BUGA:log could offer a 
service to "the visitors" per se. Rather, their focus was on the 
inhabitants of the new living quarter or on specific events, 
concession stands, and restaurants. 

2) Quantitative Results of the Survey 
For the open questions, 460 positive and 477 negative 

aspects were mentioned. The content analysis yielded about 
thirty negative and thirty positive topics that were mentioned 
spontaneously in the free text. The topics that made up more 
than 3% of the answers to either the question regarding positive 
or negative associations are presented in Table I. 

TABLE I.  SPONTANEOUS ASSOCIATIONS REGARDING SELF-DRIVING 
ELECTRIC VEHICLES DURING BUGA2019 

 
Content Analysis of Open Questions 

Topic No. of 
mentions 

*Per-
centage  

"What do you 
like about the 
idea of self-
driving 
electric 
vehicles 
during 
BUGA2019?" 

Environmentally friendly 
Innovative 
Good idea 
Topic of the future 
New technology 
Presentation/demonstration 
Less exhaust/ lower 
emissions 
Safer/fewer accidents 
Experiment/testing 
E-mobility 
Quieter/less noise 
Interesting/fun 
Good for logistics 
General/progressive 

75 
34 
32 
25 
23 
22 
20 
18 
18 
18 
17 
16 
12 
12 

16 
7 
7 
5 
5 
5 
4 
4 
4 
4 
3 
3 
3 
3 

"What do you 
not like about 
the idea of 
self-driving 
electric 
vehicles 
during 
BUGA2019?" 

Accidents/danger 
Risky/safety 
Effects on labor market 
General dislike 
Technology is not ready 
Hassle for pedestrians 
Does not fit in with garden 
show 
Lack of trust/confidence 
Doubt that it can be done 
High cost and effort 
Lack of control 

49 
46 
44 
42 
36 
30 
27 
24 
23 
18 
15 

9 
9 
8 
8 
7 
6 
5 
5 
4 
3 
3 

    

*percentages refer to either total number of mentions for positive or negative answers 

 

The results for the Likert-scaled questions are presented in 
Table II, starting with the item with the highest agreement. The 
mean (M) and the standard deviation (SD) for each item is 
presented in total and for men and women, significant 
differences are marked on the basis of their p-value.  

TABLE II.  ASSESSMENT OF SELF-DRIVING ELECTRIC VEHICLES DURING 
BUGA2019 (N=500) IN ORDER OF AGREEMENT WITH ITEMa 

 

Self-driving vehicles 
during BUGA2019 
are… 

 n Ma Pb SD 

Innovative 
Total 491 1,91   1,08 
Women 262 2,05 ** 1,10 
Men 229 1,75 1,04 

Environmentally 
friendly 

Total 492 1,94   1,05 
Women 264 1,97   1,02 
Men 228 1,91 1,09 

Interesting 
Total 500 2,04   1,13 
Women 269 2,11   1,17 
Men 231 1,95 1,09 

For people with 
physical constraints 

Total 495 2,29   1,28 
Women 264 2,34   1,31 
Men 231 2,23 1,24 

Helpful 
Total 495 2,32   1,08 
Women 264 2,42 * 1,08 
Men 231 2,20 1,08 

[Overall positive 
assessment of self-
driving vehicles] 

Total 496 2,53   1,34 
Women 266 2,73 ** 1,25 
Men 230 2,31 1,41 

Safe 
Total 469 2,83   1,12 
Women 251 2,98 ** 1,09 
Men 218 2,67 1,12 

For middle-aged adults 
Total 491 2,95   1,25 
Women 264 3,02   1,31 
Men 227 2,86 1,19 

I would like to use 
them 

Total 497 2,96   1,53 
Women 266 3,15 ** 1,52 
Men 231 2,75 1,52 

For families with 
children 

Total 485 2,99   1,28 
Women 259 3,10 * 1,28 
Men 226 2,85 1,26 

Trustworthy 
Total 480 3,00   1,17 
Women 257 3,10 * 1,14 
Men 223 2,87 1,19 

For teenagers 
Total 495 3,01   1,35 
Women 267 3,03   1,37 
Men 228 2,98 1,33 

For older people 
Total 494 3,08   1,36 
Women 265 3,09   1,37 
Men 229 3,07 1,35 

Dangerous 
Total 485 3,29   1,21 
Women 259 3,16 * 1,19 
Men 226 3,43 1,21 

Uncanny 
Total 496 3,53   1,35 
Women 266 3,33 *** 1,39 
Men 230 3,76 1,27 

Senseless 
Total 494 3,65   1,35 
Women 265 3,47 ** 1,35 
Men 229 3,86 1,32 

a. Likert scale from 1 - totally agree to 5 - totally disagree 
b. P value: P < 0.05 *. P < 0.01 **. P < 0.001*** 

 

The results show that there is a plethora of positive and 
negative thoughts, attitudes, and impressions regarding 
autonomous vehicles at BUGA2019. As an answer to the open 
question, the participants saw self-driving electric vehicles as 
environmentally friendly, innovative, and a generally good 
idea. Regarding negative aspects, they see possible dangers and 
safety concerns regarding the self-driving vehicles, are worried 
about the negative effects on the labor market, or expressed 
general dislike. The Likert-scaled assessment of predefined 
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items shows that the overall assessment tends to be more 
positive than negative. Regarding possible target groups, self-
driving electric vehicles are considered to be most relevant for 
people with physical constraints. Additionally, it is recognized 
to be for middle-aged adults and families with children rather 
than for older people or for teenagers. Women and men differ 
in their assessment of self-driving electric vehicles in that there 
are several items where men make a more positive overall 
assessment. 

B. Methodological Space: Scenarios for the Real-World Lab 
BUGA:log 
As part of the participatory action research we developed 

scenarios. Scenarios are a tool frequently used in user-centered 
design processes. We developed them in a co-design process 
with stakeholders with the input from the qualitative interviews 
and quantitative surveys. These three scenarios will be 
implemented in BUGA:log as practical examples of future 
urban delivery, practically tested with AGVs on site, and 
monitored for research purposes.  

Scenario 1: Parcel Delivery 

Parcel delivery is going to be the major scenario 
implemented in BUGA:log. Here, the vehicle will be equipped 
with parcel lockers similar to the principles of existing packing 
stations. Shops, private households, offices, and other 
inhabitants of the new living quarter that will be part of the 
BUGA2019 can volunteer to have their parcels delivered by 
the AGV instead of picking them up at the entrance gate.  

The process is planned as follows: addressees will be 
informed via an app or email that their parcel is ready for final 
delivery (i.e. has been dropped off by a CEP service at the 
entrance of the BUGA area). Then the addressee can select a 
place, date, and time for the home delivery. The AGVs will be 
loaded by hand and parcels will then be delivered based on 
place and time that have been confirmed to the addressee. In 
contrast to customary parcel delivery, which brings the parcel 
to the door, the addressee will have to go the vehicle. Unlike 
parcel delivery that is agreed on in terms of a time slot, the goal 
is to have the AGV wait for the person picking up the parcel, 
i.e. a specific appointment can be made and the addressee will 
not have to wait. The addressee receives a code with the 
confirmation that allows them to open the locker and collect 
the parcel. The delivery process is completed and the AGV 
continues to the next addressee. The software systems to 
organize the delivery and to calculate the delivery routes are 
currently being developed.  

Scenario 2: Supplies for Events/Concession Stands/Cafés 

In this scenario, the aim is to illustrate how urban logistics 
work in a commercial or industrial setting. Thus, the supply of 
a café and all the specifics included, like how to handle 
transportation of food and groceries, and reverse logistics, 
which includes waste management, will be implemented. For 
this purpose, a special design will be developed for the vehicle 
and/or certain adjustments made to the parcel lockers to make 
them suitable for food and waste transportation. This might 
include a special box system.  

The actual processes involved in this kind of transportation 
will be identified by doing on-side process mapping on the 
premises of one of the project partners. The process will then 
be amended to meet the requirements of automated 
transportation. To date, it is planned that transportation should 
start at the main entrance of the BUGA on a demand basis. 
Goods will be transported to the café. It will probably work 
like a milk run, whereby full boxes of food will be delivered 
and boxes with waste taken back to the main entrance, where 
the BUGA disposal system will be located.  

Scenario 3: Transports of Goods for BUGA Visitors 

The BUGA2019 expects around two million visitors during 
the exhibition phase from April to September 2019. To enable 
the visitors to have positive interactions with the vehicles, they 
will be given the option of making contact with the automated 
delivery vehicles. To make this possible, visitors will be able to 
use the transport service for goods like plants they might have 
bought while visiting the BUGA2019. The process will be 
started on an app by the visitor (e.g. click: ‘automated vehicle 
needed’). The automated vehicle will automatically drive to the 
visitor’s current position (e.g. locating via GPS). The goods 
will be loaded by the visitor or the vehicle handler and then 
transported automatically to the main entrance or any other exit 
from the exhibition area. This will ensure that visitors come 
into contact with the vehicles and the new technology involved. 

C. Creative Space: Technical Development of the Self-
Driving Vehicles 
As a basis for the AGVs in BUGA:log, we have decided to 

use battery-electric golf carts type E-Z-GO Freedom RXV, as 
we have used this model in previous work [50]. We could, 
therefore, reuse many changes to hardware and electricals for 
use here, and proven ECUs could be used with minimal 
changes [51].   

One important aspect of the AGV is the added safety 
concern, as the self-driving vehicle has to be safe for the 
environment it operates in. The vehicle therefore needs safety 
hardware that prevents it from harming people in any situation. 
We decided to use different means to achieve this goal. One 
measure is to scan the surroundings of the vehicle with two 
2D-LIDAR sensors and adjust the driving speed (max. 6 km/h) 
depending on the distance from any obstacles. As an additional 
measure, we have a combined soft bumper and ultrasonic 
sensor system. If any obstacle is inside the safety zone of the 
sensor, an emergency stop is performed. Additionally, the 
vehicle is equipped with four emergency stop buttons at each 
corner of the vehicle, and it will stop if the WLAN connection 
with the system supervisor is disconnected [52].  

D. Management Space: Finding Solutions Viable for all 
Stakeholders 
Due to the visibility of the project and many partners for 

whom BUGA2019 is a prestige project, the involvement of 
local and state politics, regulatory authorities, researchers from 
different fields, citizenry, industrial partners and many other 
stakeholders, the management of the BUGA:log real-world lab 
is as complex as might be expected. Its presentation and the 
reflection on the management space goes beyond the scope of 
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this paper, we have only highlighted one aspect of the 
management process that will directly impact the way the 
AGVs will be seen during BUGA2019: obtaining permission 
for the AGVs to drive in the semi-public location of 
BUGA2019 required an iterative negotiation process between 
the different stakeholders. Although the vehicle will be 
equipped with an extensive protection system, including the 
bumper and a kill switch that instantly stops and shuts down 
the vehicle, the law does not yet permit the vehicle to drive 
without remote supervision. The researchers, on the other hand, 
were interested in testing the vehicle in interaction with the 
environment without an operator close by. However, with large 
crowds of visitors at the BUGA2019 (thousands of people are 
expected on a regular day) permission was only granted on 
condition that an escort would supervise the vehicle within a 
radius up to 10 meters of the vehicle while it is operating – a 
procedure that is also used with other prototyped AGVs that 
operate on public streets. This escort has final control over the 
vehicle and can initiate a emergency stop anytime.  

V. CONCLUSION 
As a real-world laboratory, BUGA:log is a setting in which 

real life trajectories of last mile logistics in urban areas are 
deployed and at the same time carefully observed. BUGA:log 
is one of seven real-world labs supported by the federal state of 
Baden-Württemberg. As transdisciplinary research, the project 
is a co-creative collaboration between researchers and 
stakeholders from the municipality, the BUGA2019 
organization, industry, and citizenry. 

Using the new living quarter and the six-month event of the 
BUGA2019 as a real-world lab, an automated transport system 
will be developed and evaluated in a public urban space. 
Involving citizens through the whole human-centered design 
process, they should not only be observers – rather, they will be 
asked to interact directly with the system. We are taking a 
participatory action research approach to the BUGA:log 
project. This paper gives an insight into the current findings 
regarding the four dimensions of our real-world lab framework. 

Regarding the stakeholder/user space, qualitative and 
quantitative studies have been conducted that showed interest 
and openness, but also apprehension with regard to the AGVs 
during the BUGA2019. The responses to open questions also 
demonstrated that the overarching topics related to this real-
world lab, such as sustainability and societal implications of 
digital transformation, are successfully triggered by 
BUGA:log. In the methodological space, a first iteration of a 
user-centered design process has yielded scenarios that are the 
basis for future development: they are a.) the delivery of 
parcels to households, offices, and stores in the new urban 
quarter, b.) dropping off supplies for events, concession stands, 
cafés and waste disposal, and c.) transporting goods for the 
visitors of BUGA2019. One central aspect of the creative 
space, the technical development of the vehicles, revealed the 
ongoing challenges with a real-world lab approach that is based 
on a technology which is not yet ready for serial production but 
in a stage of advanced development. Thus, there are close 
connections to our current findings in the management space, 
as we need to mediate primarily between the openness of the 
real-world lab approach on the one hand, and on the other hand 

the restrictions caused by a strict orientation to rules. Rules that 
are not yet adapted to autonomous driving and AGVs, but to a 
driver-centered view on road traffic. 

To sum up, the real-world lab BUGA:log shows the need 
for participative implementation through a human-centered 
design process as a prerequisite for creating sustainable 
acceptance of logistics innovations in urban areas. In this 
context, BUGA:log deals with both social innovation and 
technical innovation. The ability to identify and describe 
processes that are suitable as a template for the implementation 
of such innovation, and which can be reproduced in similar 
contexts, is crucial to help deal with the challenges of 
digitalization and automation in mobility with regard to 
demographic change and the trend of re-urbanization. 
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