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ABSTRACT 

Several approaches can be taken to ensure the safety of single-pilot operations, including 
the use of remote co-pilot support from a ground control station. The paper highlights a 
user-centered design process for the development of a high-risk remote co-pilot 
aerospace system and presents the progress of this complex and interdisciplinary 
research task from the perspective of user interface designers. It further explains how the 
collaboration between aeronautics researchers and design can be integrated into the 
iterative development process and how it can positively influence the quality of the final 
product. 
 
This paper is one of two complementary descriptions that together describe a joint 
development design process for a high-risk future aerospace system. This report 
discusses the user-centered approach from a designer’s point of view. Its counterpart, an 
engineers’ point of view, is described in the companion paper by Niermann entitled 
“Development process for a remote co-pilot to support single-pilot operation in a next-
generation air transportation system.” (Niermann et al., 2023). 
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INTRODUCTION 
The Next Generation Intelligent Cockpit (NICo) project is pursuing the 
development of a user-centered human–machine interface (HMI) concept to 
support a single pilot remotely from a ground control station. In this context, a 
collaboration between designers from the University of Applied Science 
Osnabrueck and the German Aerospace Center (DLR) was established to develop 
this high-risk future aerospace system. Because this concept is novel, substantial 
empirical research was required. Integrating the extensive knowledge of the DLR 
into the iterative design process for the HMI development promised to produce 
benefits from both domains. 
Due to the ongoing automation of modern aircraft, various research projects have 
addressed single-pilot operation (SPO). For implementation and approval in civil 
aviation, additional safety measures must be taken in the cockpit to provide 
additional support for the single pilot (SP) (Bilimoria et al., 2014). These measures 
may involve a remote co-pilot (RCP) working from a ground control station. 
Fundamentally, an RCP is a pilot monitoring working in this new, remote operating 
environment. Rather than active flight intervention, their primary task is 
monitoring and providing information for several aircraft at the same time. The 
aim is to ensure the safety of SPO through monitoring (Martins et al., 2020). Under 
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normal circumstances, a single pilot in the cockpit can complete a flight alone. 
Alternatively, the RCP can support high-workload situations, such as difficult 
departures, through active task sharing that is comparable to pilot monitoring in 
multi-pilot operations (MPO). Consequently, active collaboration between the 
RCP and the SP occurs only temporarily. In an emergency situation, the SP is 
supported by a dedicated emergency remote co-pilot (ERCP), who switches the 
operating interface and exclusively supports the emergency flight (Findeisen, 
2022). This situation may occur in highly stressful instances that require maximal 
flight support. 
This project has focused on two related high-risk interfaces. One is meant to be 
operated by an RCP, and the second by an ERCP. The following report describes 
the development process for these HMIs and illustrates how a creative design 
process performed by UI designers has benefitted from the early integration of 
DLR scientists and aviation professionals. 
 

DEVELOPING A HIGH-RISK AEROSPACE SYSTEM 
 
Aviation is a highly sensitive sector in terms of security and potential risk. Misuse 
of flight settings or prescribed flight procedures can result in serious consequences. 
In addition, a remote workspace exhibits significant differences in operation and 
location compared to the workspace of a pilot in an aircraft cockpit. Therefore, 
ensuring safe operation is an essential priority. Functionality and usability of the 
HMI must always be considered under these circumstances. 
Developing an interface to support SPO from a ground control station is a very 
broad topic, and the procedures for SPO are currently being debated in research. 
These procedures are therefore not universally applicable, but they are 
unquestionably different from current workflows in MPO (DLR, 2020). Without 
such requirements for development, the integration of team members and 
researchers with aviation backgrounds becomes even more important to validate 
design approaches as well as contribute to the current state of research. To develop 
any HMI, a structured workflow is beneficial. A common design thinking model 
created by the Hasso Plattner Institute accomplishes this goal (Hasso Plattner 
Institut); it specifies an iterative process guiding the development of an HMI in six 
main steps (see Figure 1). This model was chosen because it helps to organize 
fundamental research, to obtain an understanding of context and to develop and 
implement ideas; multi-disciplinary teamwork and a user-centered focus builds the 
foundation.  
 
 
 
 
 
 

 

Figure 1: Six steps of design thinking 
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The individual steps are not necessarily taken in chronological order; as 
development progresses, new insights are gained. These insights need to be re-
evaluated through a design thinking process, leading to the start of a new, more 
detailed iteration. At the beginning, the main goal is to correctly understand the 
problem and to arrive at the first usable prototypes and mock-ups quickly and 
easily in order to gather user feedback. As the iteration progresses, results become 
more detailed and more comprehensive. 
The following sections discuss the integration of scientists into the design process 
for the development of an RCP-HMI. The six steps of the design thinking process 
are described, and advantages of collaborative work are presented. The focus is on 
methodologies that have had a positive influence on the collaboration and have 
helped the team members, who have been foreign to design thinking so far, to 
creatively enrich the process. This paper further describes why certain 
methodologies were selected, how they were implemented and how they were 
realized collaboratively. 

1. Understand 
The first main target is to identify the several dimensions of a specific topic, or the 
“design challenge.” Examples of these various dimensions are the current 
fundamental workflow between pilots or crew resource management. 
This research aimed to acquire a comprehensive view of the topic. An open 
exchange with DLR scientists made this step efficient in revealing the most 
important themes and to gain the maximum amount of information regarding the 
relevant areas of operating an aircraft. Exchanges with different expert groups such 
as pilots, engineers or air traffic controllers were available. Each of these groups 
revealed valuable insights and made it easier to gain relevant information across 
the several dimensions of the design challenge. In interviews, pilots often valued a 
maximum of available information to possess an extensive situational awareness 
at any time. Air traffic control (ATC), on the other hand, preferred a minimum of 
essential information. The analysis of related projects and topics represents a 
relevant point in this phase of the process; it showed that ATC already provide 
remote support in current aviation and can therefore also contribute information 
that is valuable for the work of an RCP (Li et al., 2018). Furthermore, DLR has 
already provided research describing the RCP and their work in general (Laubner 
et al., 2022). This research helped to provide a consistent base for the beginning of 
the design process. During this phase, knowledge gaps were identified. 
Uncertainties regarding workload issues, such as how many aircraft an RCP can 
accommodate at the same time or how far an RCP should be able to intervene in 
the flight, were some of the undefined topics. Further research was planned to 
obtain a holistic perspective and to close these knowledge gaps.  

2. Observe 
The second phase of the design process aimed to understand the personal 
perspective of relevant humans (potential users, pilots, researchers, experts, etc.) 
to recognize their needs, expectations and feelings. Qualitative methods such as 
interviews, focus groups or observations of users and experts were used for this 
purpose. These methods required realistic conditions to collect all instances, 
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processes and resulting issues. To gain a perspective regarding the status quo in 
aviation, interviews with pilots of various ages, flight experience and education 
levels led to an overall impression of piloting. 

The research revealed important procedures and tactics, which validated the initial 
approaches from prior research regarding current workflows and tasks during a 
flight. Furthermore, the assumption that there are intervals during the flight with 
minor workload for the pilots was affirmed by observing pilots during a flight. In 
contrast, problem situations that require an intense collaboration in cockpit, 
described as “sheer terror,” can also occur (Miller 2021, p.14). Through these 
insights, it became clear which aspects of the design challenge seemed crucially 
important from the user and expert perspectives, creating focus points for further 
research and for the development of the HMI. The imbalance of workload between 
individual flight phases in the cockpit strengthened the idea that one RCP can 
safely monitor multiple aircraft simultaneously and can provide more intensive 
support to a single aircraft in an abnormal situation, as well. True emergencies, 
however, would need to be addressed by an emergency remote co-pilot. 

Based on the knowledge gained, the DLR conducted a simulation about the impact 
of physical separation of pilots. The designers had the opportunity to obtain 
important insights by joining the simulation on-site. Communication between the 
two pilots was limited to an audio connection and a one-way video feed. Both 
pilots’ feedback, as well as the close observation, revealed which features the HMI 
should contain. It became apparent that the segregated pilot who was outside the 
aircraft was less able to perform important crosschecks because they were not 
aware of every action the pilot in the cockpit had performed. Later in the process, 
this awareness resulted in a “protocol widget” in the final design. This widget lists 
every action of the SP chronologically in real time and thus allows the RCP to 
build better situational awareness of the aircraft and its situation. These insights 
illustrated the difficulties resulting from the separation of both pilots and the 
challenges the HMI would need to solve to allow secure SPO. 

Due to the different observation methods used throughout the process, the mass of 
information is being translated into qualitative data and inputs to solve the design 
challenge. Through the expertise of scientists, these results can be placed in the 
overall context of previous research, either confirming or refuting their validity. 

3. Point of view 
After observing the current habits and working processes of potential users and 
related jobs (such as ATC, pilots or drone operators) results were summarized, 
interpreted and prioritized to define a common perspective. The task of the 
developers was to identify the goals and problems of the potential users based on 
the research. Within the framework of the design challenge, they derived 
requirements for the HMI. With this essential information, the designers’ expertise 
in user interfaces played a significant role in developing initial approaches for the 
HMI solution. In building this “point of view”, numerous methods could be used 
to visualize the potential user’s viewpoint and to make the gathered requirements 
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apparent. One of these methods was to create a persona who was a fictitious typical 
user of the final product. To define the persona, it was necessary to build features 
around the core characteristics of a person (Alkadhi et al., 2020), for instance how 
knowledgeable they might be in terms of new technology or in which industry they 
might have worked originally. This information helped to establish determining 
factors for the HMI requirements. This project required a potential user to have an 
aviation background, with pilot-like training. Therefore, the HMI could be planned 
as an “expert HMI,” allowing for a higher level of complexity. The persona showed 
that an RCP would have comparable work hours to an air traffic controller and thus 
would work with the interface several hours per day. The resulting ergonomic 
circumstances would influence hardware such as displays or usage concepts. 
During development of the RCP-HMI, the DLR provided a use case for a flight 
from Frankfurt, Germany to Innsbruck, Austria (flight time of approximately one 
hour and 10 minutes). This use case visualized the possible tasks of an RCP during 
flight. In this step, it was important to define the task sharing between both pilots 
(SP and RCP) in an appropriate way (Küls, 2022). The results indicated significant 
requirements for the contents of the HMI, although the distribution of tasks was 
not yet final in this iteration.  
To define a common state of discussions, the team conducted a workshop with all 
participants. The interdisciplinary team, along with designers, engineers and 
scientists, discussed the core research results and were able to validate vital 
questions. Because each department of experts offered individual experiences, the 
discussions within the team ensured that all results could be viewed from a wide 
variety of perspectives. In this way, the focus for the subsequent process could be 
sharpened. In addition, errors and false assumptions could be identified. This 
critical examination of previous research often leads to a modification of the 
original design challenge. At this point in the process, newly gained insights into 
the topic can be better classified and an adaptation of the initially described 
problem can occur (Kauer-Franz and Franz, 2022). 
To guide the following creative process and to specify the direction of 
development, it was crucial to set early boundaries for the specific solution area. 
The double diamond model, developed by the British Design Council, follows a 
chronological flow that diverges during the first stage of research and converges 
when defining a point of view (McNabola et al., 2013). After elucidating the design 
challenge in the first two steps, the individual viewpoints regarding specific issues 
of the HMI became defined. Therefore, it was necessary to integrate all knowledge 
in order to restrict the following ideation purely to relevant information. 

4. Ideation 
The ideation process searches for quantitative solutions to gain maximum 
diversity. The concept of “no bad ideas” is valuable advice in helping to think 
outside of conventions, especially for team members who have not yet come into 
contact with similar creative methods. This advice can even trigger unrealistic 
suggestions, which in turn can open the area of creative thinking and additionally 
reduce the fear of expressing false or absurd ideas (Wilson, 2013). For aviation-
related product development, long development cycles and small-step 
developments of functions are normal; however, the development of a digital 
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product as part of a research project requires bolder approaches. In order to develop 
agile designs rapidly and to explore the novel subject of an RCP, progressive and 
creative thinking approaches were desired. To create an extensive solution space, 
lateral thinking can encourage many ideas. A common strategy to achieve this goal, 
also used in the NICo-project, is brainstorming. Brainstorming is a “widely used 
and designer-friendly method” (Kim et al. 2019, p.253) that describes ideating 
from scratch to generate diverse ideas in a short time. Participation by designers, 
engineers, researchers and pilots with different backgrounds ensured a wide variety 
of ideas and approaches to address the different dimensions of the design 
challenge. All ideas were then roughly clustered to generate a structured overview. 
In addition, following Edward de Bono’s “six thinking hats” method, which 
envisions the wearing of six imaginary hats, each with a different viewpoint on a 
certain topic, can enhance the diversity of ideas (Edward de Bono, 1985). This 
method follows an approach to avoid single-dimensional thinking. Such ideation 
can not only open various new ideas but can also strengthen previous ideas even 
more. For instance, the idea of working with VR goggles arose. Due to ergonomic 
reasons such as weight and eye strain after long periods of use, the idea faded and 
in turn strengthened the initial idea of control through a mouse and keyboard. Once 
a sufficiently large solution space has been created, ideas and concepts must be 
evaluated based on the previously defined point of view. This process can occur, 
for example, through an evaluation matrix. In early iterations (example in Figure 
2), however, it may not be possible to name all relevant evaluation criteria. 
Therefore, a simpler and more subjective method can be used, such as awarding 
points to identify the most promising ideas (Kauer-Franz and Franz, 2022). These 
ideas can be those with the easiest practicability (“quick win”), the most visionary 
ones (“moon shot”) or the strategically most feasible thoughts (“most promising”; 
Hasso Plattner Institut). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Early-stage concept for an RCP-HMI 
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5. Prototyping 
In this phase, selected ideas are converted to prototypes or mock-ups. Prototypes 
are used to visualize an abstract idea, to perform intensive testing and to obtain 
feedback, especially regarding functionality. Mock-ups are less functional 
visualizations used to explore abstract ideas (Alperowitz et al., 2017). Both 
strategies were suitable for discussions with the team or for contacting potential 
users and experts (Friedrich, 2021).  In the earlier phases of this project, mock-ups 
were predominantly used. A testing phase with functional prototypes will occur 
during future development. Because the boundaries between mock-ups and 
prototypes are not always clearly drawn, only the term “prototype” has been used 
in the following description. 
 
The implementation of ideas can vary between the fast, elementary concepts in 
earlier iteration stages and the complex functional visualizations from later in the 
process. To make concepts usable for the design thinking process, it is important 
for them to be experienced by potential users (Kauer-Franz and Franz, 2022). In 
addition, prototypes ease a common view and can make the core function of an 
idea visible for a development team. Consequently, prototypes that are evaluated 
by experts or by a development team can differ from prototypes that are evaluated 
by potential users. Experience made it clear that it was not advisable to show 
rudimentary functional dependencies from wireframes to a pilot who might be 
considered as an RCP. It was more helpful to visualize the processes by using a 
“click dummy” in which an interaction between HMI and the potential user could 
actually occur. This strategy allowed pilots to communicate focused and 
differentiated feedback regarding actual usability in a realistic environment during 
later testing. Due to the extensive expertise of potential users, care was taken to 
ensure that the content of the mock-ups and prototypes was correct. During testing, 
pilots repeatedly provided feedback referring to inaccuracies in the content, such 
as an incorrect flight number or an incorrect amount of fuel. These details 
immediately caught the eye of the experts and influenced their feedback as well. 
To bring the new idea of an RCP to the more conservative aviation community, 
the approach of creating a minimum viable product was taken (see Figure 3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Prototype of RCP-HMI – monitoring page 
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In this context, many ideas were prototyped to generate a variety of agile designs. 
These designs showed different approaches to the task of supporting a single pilot 
from a ground control station. During the process, the prototypes further evolved 
through iterations to the final concept of the project. The various methods for the 
visualization of ideas helped to produce nuanced feedback in this multifactorial 
design challenge. The team had to identify the proper tools to derive the feedback 
they required for the next iteration and to make use of the interdisciplinary 
partnership. 

6. Testing 
Different methods and complexities are associated with testing. In the earlier 
process, testing primarily indicates whether the design challenge is understood 
correctly. It shows whether the potential user can solve a task in any way using the 
prototype. In later iterations, the focus is directed more toward the user experience 
for a potential user. The interface must not leave any room for possible errors after 
the release, as such errors might have life-threatening consequences for flight 
members or passengers. Therefore, testing is a significant step to detect usability 
and functional errors in a risk-free test environment. In addition, the feedback 
gained from the testing shows which components or ideas have to be improved. It 
becomes apparent whether only details of the prototype require adaptation or if the 
basic interpretation of the topic needs to be redefined instead. To obtain open 
feedback from different experts, an interactive workshop was realized to test agile 
prototypes. Rudimentary prototypes of the interface were adapted immediately 
following the feedback from experts. This technique provided an instant 
impression of changes and better engagement of participants. 

For evaluation of feedback, it was important to recognize that the opinions of pilots 
might differ from those of ergonomic experts because their viewpoints could vary 
based on knowledge and experience. Information placed logically in an aviation 
context may not necessarily be the most user-centered placement in the context of 
user experience. Therefore, based on participant experience and relevance, 
important parameters were prioritized. For example, safety issues related to 
improper colors or faulty mapping were prioritized highest, matching “safety-first” 
aviation standards. Later testing scenarios will involve the simulation of a scripted 
flight situation. The system will be tested in detail in a realistic usage environment; 
in addition, simulations will test the safety of this high-risk interface. 

CONCLUSION 
The central purpose of this paper is to communicate the value of the integration of 
design and engineering skills throughout the development process of a high-risk 
aerospace interface in order to improve it collaboratively. Development of a 
product from a designer’s point of view commonly occurs through a creative 
thinking process. It was a noticeable enrichment to pair the DLR’s deep knowledge 
of aviation with the creative thinking processes of designers to increase the quality 
of this highly sensitive product. 
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The creative development approach, especially emphasizing workshops and 
interviews with aviation experts, inspired the scientists to contribute further 
creative ideas. The various methods helped to visualize the content and to increase 
common understanding. 
Continual validation of newly created ideas – mainly by pilots and project 
members – ensured that the team remained focused on the project and its main 
goals. In addition, the dialogs with pilots and ATC revealed that aviation often 
contains unbalanced workloads for pilots. This knowledge influenced the HMI’s 
main construction of multiple, simultaneously observed aircraft. Furthermore, the 
information emphasized the requirement of a second HMI for the ERCP should the 
workload rise to an emergency level. 
Another essential finding involves the importance of specific prototypes that were 
needed for specific test persons. Pilot feedback worked best when the pilots could 
test interface concepts that had been populated with realistic data and resembled 
the familiar cockpit in central features such as color coding and functional layout. 
Indeed, this resulted in a challenge for the integration of revolutionary ideas in a 
conservative industry. To overcome barriers in the early stages of development, it 
was a necessity to produce a broad range of agile concepts to represent multiple 
options for HMI approaches. 
For further research and development for high-risk aerospace systems, it is 
recommended to choose specific creative methods that suit the demands of each 
individual project. Clearly, the efficiency of multiple teams working closely 
together may even rise above the levels already demonstrated when restrictions for 
live, face-to-face events resulting from the COVID-19 pandemic no longer apply. 
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