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Abstract: With the growth of the aviation industry and increasing operational cost pressures, the Single-Pilot
Operations (SPO) model has emerged as a research focus due to its potential to reduce costs and address pilot
shortages. However, its core challenge lies in transferring the shared responsibilities of two pilots to the collaborative
interaction between a single pilot and automated systems. While existing studies primarily examine technical
feasibility and automation improvements, they lack ergonomic analysis of specific operational tasks. This study
therefore uses the landing gear retraction process as a case study, comparing three interaction modes: traditional
manual operation, voice-only control, and a hybrid interaction approach. Findings indicate that traditional manual
operations under SPO are prone to errors due to high workload and lack of redundancy, while voice-only control
reduces workload but is susceptible to noise interference and misrecognition risks. Consequently, the study proposes
a hybrid interaction solution integrating voice commands with haptic feedback, which employs a dual-verification
mechanism to balance efficiency and safety, thereby providing a measurable and iterative interaction design
methodology for critical operations in SPO mode.
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