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Abstract. This study investigates the impact of the human-machine interface 
(HMI) on decision-making and Command and Control for Unmanned Aerial 
Systems (UAS). Using a prototype HMI simulating UAS in combat scenarios, 
we evaluate human performance through physiological sensors to identify 
trends in the relationship between HMI factors, decision-making, and system 
performance. The objective is to develop optimized HMI designs that reduce 
cognitive workload, improve decision-making, and enhance situational 
awareness during critical operations. The findings have implications for 
controlling Unmanned Aerial Vehicles (UAVs) in surveillance, search and 
rescue, and military operations, enhancing operational effectiveness and safety. 

1. Introduction 
The aviation industry is increasingly adopting unmanned systems, such as Unmanned 
Aerial Vehicles (UAVs) and Unmanned Aerial Systems (UAS), which offer extended 
flight capabilities and increased payload capacity (Fricke & Holzapfel, 2016). However, 
the focus on aircraft technology has sometimes overshadowed the importance of human 
components within the system (Rowe et al., 2017). The unique characteristics of UAS, 
including physical separation between the pilot and the aircraft, remote control interfaces, 
and radiofrequency control, introduce unconventional human factors compared to 
traditional aviation practices (Landry, 2018). 
 Human error and deficiencies in the human-machine interface (HMI) have been 
identified as major contributors to accidents and incidents in UAV operations (Pestana, 
2011). Automation reliance without maintaining situational awareness can lead to 
delayed decision-making and errors when off-nominal events occur (Engsley et al., 1997). 
 The objective of this study is to investigate the impact of the HMI on decision-
making and Command and Control in the context of UAS operations. Scenarios and tasks 
will be defined using a prototype HMI that simulates UAS operations in a combat 
environment. Human performance will be evaluated using physiological sensors to 
provide quantitative insights and qualitative assessments of performance and mental 
workload. The data collected will be analyzed to identify trends and patterns, examining 
the relationship between HMI factors, decision-making processes, and overall system 
performance. 
 



  

 The goal is to contribute to the development of optimized HMI designs that can 
reduce cognitive workload, improve decision-making, and enhance situational awareness 
during critical operational conditions. The findings of this research will have practical 
implications for the effective and safe control of UAVs in various applications, including 
surveillance, search and rescue, and military operations. By evaluating human 
performance under critical operational conditions and developing optimized HMI 
solutions, the aim is to enhance overall effectiveness and safety in UAV control. 
 

2. Methodology 
This study involved the participation of 24 operators and 24 pilot participants with 
varying levels of piloting experience, ranging in age from 20 to 50 years. Each operator 
performed two flights, each lasting 30 minutes, while the pilot participants underwent a 
simulation-based experiment. Throughout the study, four replicates were conducted for 
the operators, and a structured process was followed for the pilot participants. 
 For the operators, the flights were conducted in three different settings. In the first 
setting, two operators were assigned to work together, one assumes navigation while the 
other operates the electro-optical POD. In the second setting, only one operator was 
responsible for controlling the UAV, allowing for the assessment of individual 
performance. In the third setting, one operator used voice commands (in English) to 
control the UAV, investigating the impact on operation and mental workload. 
 Performance data (NASA-TLX and ISA), physiological measures (Eye Tracker, 
GSR and ECG), and subjective questionnaires were collected during the flights for the 
operators, while the pilot participants' data collection included physiological 
measurements, workload assessments, and baseline comparisons. This methodology 
allowed for a detailed analysis of the effects of the different settings on UAV operation 
and provided valuable insights for the development of guidelines and best practices in the 
field of unmanned aerial systems operation. Figure 1 illustrates the testing process. 
  

 

Figure 1 - Pilot in the simulation 

3. Results and discussions 
The main results indicated that the second flight showed a significant improvement 
compared to the first flight, likely due to the team's experience and familiarity with the 
system. The voice command configuration had the lowest performance, possibly due to 
inadequate optimization and language barriers. 



  

 ECG data yielded inconclusive results, while heart rate and heart rate variability 
(HRV) showed different conclusions. One operator experienced a higher mental 
workload in the first flight and when using voice commands. 
 Subjective questionnaires indicated no significant difference in mental workload 
between the flights. However, qualitative analysis revealed a higher mental workload in 
the second flight, likely due to task complexity and additional demands. 
 Operators using voice commands had a higher mental workload in both flights, 
suggesting increased cognitive demands. Real-time processing and interpretation of voice 
commands require greater attention and mental effort. 

4. Preliminary conclusions 
The results indicate that the operator using voice commands had the lowest performance 
and highest subjective mental workload. This association between performance, 
subjective mental workload, and physiological responses is noteworthy. 
 The lower performance observed in the operator using voice commands can be 
attributed to factors such as the additional cognitive demands and mental processing 
requirements introduced by voice-based interactions. The higher subjective mental 
workload reported by the operator using voice commands aligns with the taxing nature of 
voice-based interactions. The findings from physiological sensors further support the 
increased mental workload in this operator, indicating higher mental effort and stress 
during the task. These results underscore the importance of considering different 
interaction methods' impact on performance and mental workload to optimize user 
experience and system design. 
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