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ABSTRACT

Manned-Unmanned Teaming (MUM-T), i.e. the cooperation between manned 
and unmanned resources, will play a central role in future combat and mission 
management. In line with current technological advances, future MUM-T systems 
however will not only see cooperation with highly autonomous unmanned resources. 
In addition, AI-powered systems will support human operators during every step of 
planning, decision making and mission management. This integration of AI in existing 
mission management processes and systems has to take the needs of the humans 
into account to optimally support and enhance the human operators’ performance in 
mission management and fully harness the advantages of MUM-T and AI. Thus, future 
AI-supported mission management systems should be developed in a human-centered 
design process including future users instead of mainly focusing on what is possible 
from an engineering perspective. Therefore, this paper outlines our approach to human 
system integration in the development of AI-supported mission management systems 
along the example of developing an HMI for fighter pilots. After first understanding 
and describing the system in which mission management takes place, the main 
human factors issues that should be taken into account when developing systems for 
AI-supported MUM-T mission management are summarized. Then, we give a short 
overview of the user-centered development of the HMI mock-up and summarize the 
results of a user evaluation. Implementing such a human-centered development 
process will ensure the success of future AI-supported mission management systems.
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INTRODUCTION

Manned-Unmanned Teaming (MUM-T) will play a central role in future 
combat and mission management. MUM-T at its core is the cooperation of 
manned resources with unmanned resources in a coordinated mission, for 
example in air combat (e.g. Hammarbäck et al., 2024; Heilemann et al., 2021; 
Mehling et al., 2019; Paul & Brämer, 2013), maritime operations (e.g. Banas 
et al., 2020) and gunnery operations (e.g. Brewer et al., 2018). According to 
Heilemann et al. (2021), MUM-T can lead to high mission effectiveness and 
efficiency achievable with a minimum of personnel. An additional advantage 
of integrating unmanned resources in combat teams is in the possibility of 
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reducing risk for human team members by allocating dangerous tasks to 
unmanned resources. At the same time, this enables human team members to 
fully concentrate on strategic and complex tasks (Banas et al., 2020; Paul & 
Brämer, 2013). However, even though the autonomy of unmanned systems 
in MUM-T increases, humans will still remain a central member of the team; 
especially if there is a need to react to uncertainties or situations beyond 
preplanned use cases (Paul & Brämer, 2013). 

In line with current technological advances, future MUM-T systems will not 
only see the cooperation between highly autonomous unmanned resources 
and human operators. Instead, artificial intelligence (AI)-powered systems 
for planning and decision support will cooperate with human operators 
(Cooke et al., 2016; Endsley, 2023; Hammarbäck et al., 2024). In short, the 
goal is to support mission management through intelligent planning systems 
from pre-mission planning, monitoring a running mission or supporting a 
replanning during the mission, if circumstances require it (e.g. Özcan et al., 
2025; Peng et al., 2021). 

However, the integration of AI in existing mission management processes 
and systems has to take the needs of the human operators into account 
to fully harness the advantages of MUM-T (Niebuhr, 2024). Effective 
teaming depends on the match between the systems behavior and human 
expectations and needs, the operators’ understanding of the system and its 
explainability and transparency (Brewer et al., 2018; Friedrich et al., 2023). 
Such a system enabling effective teaming can be achieved when systems are 
developed with a focus on human-centered design instead of mainly focusing 
on what is possible from an engineering perspective (Banas et  al., 2020; 
Brewer et  al., 2018; Endsley, 2023; Huttner & Friedrich, 2023; Niebuhr, 
2024). AI-supported mission management systems should be developed with 
the goal of optimally supporting and enhancing the performance of human 
operators, especially in systems where an increase in errors and a decrease 
in performance due to usability flaws could lead to fatal consequences 
(Niebuhr, 2024). This is only possible if future users are included in system 
development, giving feedback and communicating their needs. Therefore, 
this paper focuses on which human factors are especially important in 
MUM-T systems for mission management and how these human factors can 
be integrated in system development.

OUR APPROACH TO HUMAN SYSTEM INTEGRATION

The question remains, how human factors and a human-centered design 
process can successfully be integrated in the development process of an 
AI-supported mission management system - what does the human system 
integration (HSI) look like? Multiple domains have developed approaches 
for HSI (e.g. Booher, 2003; Rochlis Zumbado, 2015; Thomas-Friedrich et al., 
2022). In the following chapters, we outline our approach to the integration 
of human factors in system development from a researchers’ perspective, 
especially with regard to AI in military mission management. 
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STEP 1: UNDERSTANDING AI-SUPPORT IN MUM-T MISSION 
MANAGEMENT

From the perspective of an interdisciplinary team of researchers, the first 
step of a project always has to be understanding the system the project is 
focused on – here, understanding mission management in military domains. 
We first aimed to understand how mission management is done currently by 
conducting interviews and workshops with military pilots of the German 
Airforce, visiting mission management courses as observers, analyzing existing 
literature and conducting a work domain analysis of mission management 
(Thomas-Friedrich et al., 2025). Further, we discussed with subject matter 
experts (SME) how they would imagine an integration of intelligent mission 
management systems in current mission management would be helpful to 
them. Results from step one are summarized in the next sections.

Definition of Mission Management in MUM-T

In a first step of understanding MUM-T in mission management, the 
terms mission and mission management need to be defined. According to 
the doctrine for the armed forces of the United States (Armed Forces of 
the United States, 2017), a mission consists of a task (a clearly defined 
action or activity) and a purpose (the reason for the action to be taken). 
Elements of a mission are always who needs to act, what needs to be done, 
when and where does it need to be done and why. Mission management or 
command in turn can then be defined as a continuous process of planning, 
executing, monitoring and, if changing conditions and constraints require it, 
potentially adjusting the actions that need to take place to achieve the goal 
of a mission (NATO standardization office, 2025). Mission management 
is an extremely complex process involving a multitude of actors and 
constraints. The complexity level of mission plans currently generated 
and executed by humans has to remain within the boundaries of human 
cognitive limitations. Thus, the mission planning conducted by humans 
currently leads to rather simple plans, while mission planning takes a long 
time. Switching between different plan options during a running mission is 
only possible if these alternative plans have been developed before the start 
of the mission, making plans relatively rigid. Adding unmanned resources 
to missions, i.e. MUM-T operations, will then add an additional layer 
of complexity to mission management (e.g. Neubauer & Schulte, 2025), 
especially if multiple unmanned resources have to be controlled by one 
operator or team, potentially exceeding human cognitive limitations (Banas 
et al., 2020; Hocraffer & Nam, 2017). One solution could be the integration 
of automation and AI-supported mission management systems enabling 
human operators to manage the complexity (e.g. Özcan et al., 2025; Peng 
et  al., 2021). In addition, the integration of AI in mission planning and 
management systems could increase planning speed while supporting the 
development of more complex and flexible plans which in turn can increase 
mission success.



310� Thomas-Friedrich et al.

Integration of AI in MUM-T mission management

For the purpose of further describing how AI could be integrated in MUM-T 
mission management, a mission in future air combat was chosen as an 
example. In this mission, several actors need to work together to achieve 
mission success. The following actors were chosen as part of the example 
mission:

•	 Two packages of one manned fighter responsible for four UAV each
•	 One helicopter
•	 One multi-UAV swarm managed from a ground control station
•	 An overall mission commander.

All actors are supported by the intelligent mission management system. 
Figure 1 depicts how we envision the mission management system to work. 
The mission management system supports the actors during all phases of a 
mission, from mission planning and mission monitoring to mission replanning 
during an active mission. However, due to constraints in computational 
power and time required for calculations it is more likely that there will 
not be one mission management system interacting with actors on all levels 
of the chain of command and in all functions. Instead, each actor will be 
supported by a local AI system. These multiple AI systems then interact with 
each other, requesting changes or communicating tasks and constraints. 

During mission planning, the air tasking order (ATO) is given to the mission 
commander. Depending on the air tasking order, tasks and constraints are 
then communicated to the package leads, who begin formulating a package 
plan. During this process, an intelligent planning system could be used to e.g. 
summarize intel, suggest appropriate weaponry or even suggest entire plans. 
At the very least, the planning process could be supported with technical means 
supporting information management replacing the paper/pencil method that 
is used now. All package plans are then assembled into the mission plan, 
which in turn supplies the tasks and constraints for developing the flight 
plans on the level of flight leads and ground control station operators.

Figure 1:  Process diagram of mission management supported by intelligent mission 
management systems.

During the mission, its status is monitored by the mission management 
systems and the responsible actors. The mission management system bases 
its assessment of mission status on several key performance indicators (KPI) 
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that are tracked during the mission, e.g. risk level or resource availability. 
If the calculated values for KPI move outside of previously set acceptable 
bounds, a replanning of the mission is triggered (Özcan et  al., 2025) and 
the mission management system provides the human operator with several 
new mission plans. The operator can then decide to either implement one 
of the new plans or to further manually adapt one of the suggested plans. 
This replanning can be triggered on each level of the chain of command. If 
e.g. an updated mission plan is necessary for the plan of a flight (two-ship 
formation), new tasks, constraints or requests resulting from this new plan 
are communicated to higher levels on the chain of command by the mission 
management system. However, such a system depends on the availability of 
appropriate communication channels. Further research is needed on how to 
properly ensure means of communication, especially in spoofed or jammed 
environments. Finally, the human operators can also communicate their 
wishes to the mission management system by e.g. setting up a new no-fly 
zone, which then in turn could result in a replanning event.

STEP 2: IDENTIFICATION OF RELEVANT HUMAN FACTORS FOR THE 
INTEGRATION OF AI IN MUM-T MISSION MANAGEMENT

After developing an understanding of the system, relevant human factors that 
should be considered have to be identified. Our starting point for this is an 
analysis of human factors issues from three perspectives: human, technology 
and organization. With regard to the integration of AI in mission management 
systems several relevant human factors questions were identified for each 
perspective.

Regarding the human in the system, several requirements need to be taken 
into account. First, operators need to be as capable of acting in a mission 
planned with AI-support as they are in a mission planned as it is planned 
today. Specifically, this means situation awareness of mission goals, tasks, 
plans and mission status needs to be ensured to enable operators to act 
decisively and correctly. However, previous research shows that especially 
situation awareness when working in a highly automated, AI-supported 
system can suffer (e.g. Brewer et al., 2018; Endsley, 2023; Hammarbäck et al., 
2024; Paul & Brämer, 2013). Thus, situation awareness of the operators 
should be a main concern in system development (Endsley, 2023). Further, AI 
should be integrated in mission management in a way that can help prevent 
fatigue (DLR, 2025) and make workload more manageable (Hammarbäck 
et  al., 2024; Neubauer & Schulte, 2025). In addition, operators must be 
willing to work with AI-support (Heilemann et al., 2021; Niebuhr, 2024), 
meaning e.g. that adequate usability needs to be ensured (Niebuhr, 2024) as 
well as designing the system in a way that fosters an appropriate amount of 
trust (Hoff & Bashir, 2015).

When focusing on technology, the main concern beyond the engineering 
side of system development is the design of the human-machine interface 
(HMI). In one direction, operators need to understand the reasoning of AI 
support systems. Thus, the design of the HMI needs to ensure explainability 
and transparency when communicating results from the AI-system to the 
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operators (e.g. Özcan et al., 2025; Würfel et al., 2024), while adhering to 
the relevant standards. In the other direction, operators need to be able to 
communicate their priorities and goals to the AI system with adequate efforts 
(Ernst et al., 2026; Neubauer & Schulte, 2025), and the system needs to be 
able to easily understand and maybe even anticipate the operators’ intent 
(Hammarbäck et al., 2024). 

Finally, several questions regarding the overarching organization need to 
be taken into account for an effective and efficient MUM-T system, mainly: 
Which tasks should be allocated to which actor (human or AI; e.g. Sadraey, 
2018)? How should the different actors collaborate (e.g. Neubauer & Schulte, 
2025)? And most importantly: Which actor will have the authority to decide 
in different situations (e.g. Dudek & Schulte, 2022)? Here, different legal 
aspects and rules of engagement apply, as well as ethical constraints. Beyond 
questions concerning authority and task allocation, efficient information 
flow is crucial for success in missions with many actors (e.g. Brewer et al., 
2018; Buchler et al., 2016). Therefore, it needs to be determined who needs 
which information when.

An integration of these three main areas of human factors during 
system development of an AI-supported mission management system for 
MUM-T missions is a requirement for a system that optimally supports and 
enhances the performance of human operators. The scope of the described 
human factors research questions, however, is large and most topics will 
be interdependent. Thus, it is necessary to develop a comprehensive plan 
for the integration of human factors before or at the earliest possible time 
during system development, ideally including human factors studies, iterative 
evaluation campaigns and workshops with pilots or other SME. 

STEP 3: USER-CENTERED DESIGN OF A MISSION 
MANAGEMENT HMI

As described before, the successful development of an AI-supported mission 
management system requires a human-centered design process, i.e. including 
future users in system development, taking into account their needs and 
feedback. Thus, in step three after identifying the relevant human factors 
issues, the work together with SME and future users is continued in an 
iterative development process. As an example of one of the studies we 
conducted, we will describe the process of developing a first HMI mockup 
for interacting with an AI-supported mission management system. Our 
focus here was firstly the information management, i.e. identifying which 
information operators need during which phase of a mission. Secondly, we 
focused on the usability of the HMI in general, with the goal of identifying 
which features future users would prefer the HMI to have. 

The goal was to develop a mock-up of an HMI for the management of 
multiple highly autonomous UAV from a future fighter cockpit, meaning 
mission management on the level of the flight lead (see Figure 1). The pilot 
(flight lead) is supported by an intelligent mission management system that 
monitors mission KPI and calculates optimized mission plans if necessary. 
The pilot is responsible for monitoring mission progress and plan execution, 
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choosing between the optimized mission plans suggested by the mission 
management system or adapting the suggested plans manually. 

HMI DESIGN PROCESS

For the development of the HMI mock-up, we followed an HMI design 
concept developed at DLR for UAV system state monitoring (Friedrich, 
2023). The design approach was developed together with SME and 
comprehensively evaluated in simulation studies involving both commercial 
airline and drone pilots with positive results (Friedrich, 2021; Friedrich & 
Lieb, 2019; Friedrich & Vollrath, 2021). The HMI design philosophy focuses 
in a large part on the information management, meaning which information 
should be shown to the pilots during which situation. The goal is to avoid 
clutter and to enable easy recognition of important information through 
parallel search and representation of system states using color-coded icons. 
This should result in an HMI that allows pilots to quickly identify potential 
problems with the execution of mission plans as well as quickly understand 
the plans proposed by the mission management system.

The first step of HMI design is the analysis of relevant elements and 
parameters of the system via an abstraction hierarchy (Vicente, 1999; Vicente 
& Rasmussen, 1992). This abstraction hierarchy was developed together 
with pilots of the German Airforce as potential future users of the HMI 
(Thomas-Friedrich et al., 2025). Based on the abstraction hierarchy it was 
identified which information should be displayed on the HMI in which level 
of detail in specific phases of mission management.

DESCRIPTION OF THE HMI

Here, we will give a quick overview of the resulting HMI mock-up. For 
a detailed description see Ernst et al. (2026). The HMI is divided in three 
sections. In the first section (see 1 in Figure 2), a map view shows spatial 
information like the positions of the ownship, assets, targets or trajectories. 
Section 2 in Figure 2 shows an overview of the current mission plan, if 
everything is going according to plan. If the mission management system 
calculates new mission plans, these are shown in the middle section in a 
similar way to enable a quick comparison between plans. Each mission plan 
is represented by three progress bars and several icons depicting the mission 
parameters on the first three levels of the abstraction hierarchy. These are e.g. 
overall mission success, adherence to mission objectives, timing, tasking or 
overall risk level. The progress bars and icons are color-coded according to 
their state – if they exceed preset limits, they will be displayed in yellow or 
red, depending on the severity of the situation. If all parameters are within 
acceptable limits, they are displayed in white and grey. Section 3 can be used 
by the pilot to access more detailed information than is provided in Section 2. 
By clicking on an icon or progress bar, more parameters from lower levels of 
the abstraction hierarchy are shown in Section 3 for the pilot to investigate 
more thoroughly. In the example in Figure 2, the detailed timing of two 
different mission plans is displayed in comparison.
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1 2 3 

Figure 2:  HMI layout for the mission re-planning assisted by the mission planning 
system.

STEP 4: EVALUATION

Evaluation with regard to human factors should always be a central part in 
system development. Ideally, measurable human factors goals are formulated 
at the beginning of a project, together with preplanned steps for iterative 
evaluations. Evaluations should be done together with future users of the 
system. For our HMI mock-up, a first heuristic evaluation took place in a 
workshop with pilots from the German Airforce. Overall, pilots were pleased 
with the layout of the HMI. The representation of mission plans using 
icons and progress bars made sense to them, even though the level of detail 
regarding risk was judged as too high. There was a lot of feedback regarding 
the map section of the HMI, where pilots identified additional information 
they would deem necessary. It was suggested to permanently display some of 
the information on the map while providing the pilot with the option to add 
even more information in additional map layers. Further, pilots would like 
the option to change the map type from e.g. topography to aviation maps. 
Pilots did not like the design of some of the detailed views in section 3 of the 
HMI. Especially regarding the representation of tasking, they would prefer a 
more map-based, schematic representation instead of the current text-based 
schedule.

One important aspect in the evaluation workshop was the question how 
pilots would like to interact with an AI mission management system. The 
participants reported that it is especially important that pilots are able to 
efficiently communicate new constraints and instructions to the system. 
Examples would be new no-fly zones or points of interest as well as constraints 
like: “Always keep 50% of UAV within X miles to ownship”. Above that, 
participants expressed their desire for the UAV to fly as autonomously as 
possible to minimize pilots’ workload. When manually adapting mission 
plans, it should be done on the higher levels of the abstraction hierarchy, 
e.g. adapting the risk level or prioritizing tasking over timing (always within 
the margins of the commanders’ intent). Overall, these results match with 
previous research identifying a high level of autonomy as necessary in swarm 
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management (Hocraffer & Nam, 2017). Future work based on this first 
HMI evaluation will include a revision of our HMI design according to the 
feedback. Afterwards, a more formal evaluation of the HMI mock-up is 
planned, implementing the HMI in a high-fidelity flight simulator. 

CONCLUSION

Overall, MUM-T including AI-powered systems will be a central part in 
future combat scenarios, including mission management. Putting human 
factors at the forefront when integrating AI in mission management systems 
is necessary to ensure optimal performance. In this paper, we outlined 
main human factors issues that need to be addressed in AI-supported 
mission management. Further, we described our process for human system 
integration along the example of developing an HMI for AI-supported 
mission management. 

During the design of the HMI, we assumed certain characteristics of 
this mission management system that may not be found in future systems. 
However, our process of integrating human factors in system development 
outlined here can be implemented regardless of the characteristics of the 
target system. Implementing such a human-centered development process 
instead of focusing mainly on the engineering will ensure the success of 
future mission management systems.
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