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ABSTRACT

Number of crew members in commercial flight cockpits has
seen a steady decrease since 1950s. While in the 1950s, a com-
mercial aircraft cockpit featured 5 persons, currently a two
pilot system is common for large wide-body aircrafts. There is
an interest from NASA, airline companies and aircraft manu-
facturers to look into the potential of a future cockpit featuring
only one pilot. A single pilot operation will be fundamentally
different than the current two pilot setup. Thus, it is neces-
sary to conceptualize tomorrow’s cockpits, today.This paper
presents a review of current and novel interaction strategies
that could influence tomorrow’s single pilot operations.
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INTRODUCTION

Cost of on board flight personnel represents the highest per-
centage (typically 10-15%) of operating cost of an aircraft.
From a five member cockpit in the 1950s, airline compa-
nies have been consistently "de-crewing" [5] to today’s two-
member cockpit. The reduction of a single cockpit member
could further save up to 50 % cost in salary with additional
savings on licensing, training etc. [12]. Consequently, from a
purely economic perspective, it is in the benefit of airlines to
make the move towards Single Pilot Operations (SPO). In addi-
tion, SPOs might provide a solution to the global pilot shortage
and increase flexibility in crew scheduling. In 2012, a technical
interchange meeting [3] held at NASA Ames Research Center
focused on five major research areas: automation, operations,
communications/social interactions, pilot incapacitation and
certification. In recent years, research on SPO has focused
on remote pilots or Ground Operators (GO) and automation
[14]. With the massive progress in the field of Artificial Intel-
ligence (AI) technology, there is a push towards researching
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Figure 1. Conventional vs. single-pilot operations [1]

new concepts for SPOs (Fig. 1). The removal of the first
officer from the cockpit and reduction of crew member calls
for new control devices and interactions.

Thanks to technological advancement and increased automa-
tion in flights, today’s cockpits are based on a two-pilot safety
critical system. Modern aircrafts are able to take-off, cruise
and even auto land without major intervention from pilots.
One might ask, what is the need of two pilots. The pilots’
presence in the cockpit is necessary for monitoring and in case
of an emergency, to take over control. The need for safety
is paramount and redundancy is necessary. While autonomy
in flights have decreased pilot’s physical workload, cognitive
workload has increased over the years [10].

A single pilot operation will fundamentally be different than a
two pilot operation. Also, future pilot’s of the year of 2045 are
5 year old today and are exposed to different technology, in-
teraction paradigms than there predecessors born in the 1980s.
Thus, it is necessary to conceptualize tomorrow’s cockpit to-
day. This article provides an overview of interaction concepts,
as present in existing research and summarizes strategies for
designing cockpit for SPOs.

SINGLE PILOT OPERATIONS
Steady advancement of design and technology systems in the
last decades allowed the reduction in number of crew members
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Figure 2. From left to right: Concorde’s analog cockpit; glass cockpit in the A320; interactive cockpit in the A380 [4]

to two. For example, Inertial Navigation Systems/Global Posi-
tioning Systems (INS/GPS) and Flight Management Systems
(FMS) have replaced tasks performed by an on-board navi-
gator. There is an interest in such a move to SPO for future
aircrafts [14, 2].

In a two pilot setup, the first officer helps in flying the airplane
by following captain’s orders and is also capable of taking
control in case of an unfortunate event of incapicitation of
the captain. Researcher propose, any functions currently per-
formed by the first officer can be absorbed by an air-ground
based approach [6, 7] or an automation-centric approach [12].

Air-ground based approach

An air-ground approach is thought of as an improved version
of air traffic control that is able to serve multiple aircrafts.
According to Lachter et al. [7] a two pilot crew, separated in
flight and ground, is a feasible solution. Although, common
issues with this approach are lack of awareness between two
pilots [6], missing non verbal cues [13] and pilots’ general
subjective dislike [7] .

Automation-centric approach

Unlike the air-ground based approach discussed above, in the
automation-centric approach, automation in the cockpit needs
to be developed so that a single pilot can fly the aircraft with-
out receiving aid of a second human operator [13]. Human
interaction with automation has both benefits and pitfalls. Au-
tomation can reduce physical workload but increase cognitive
workload, leading to problems associated with vigilance or
complacency [8]. Automation-centric operational concepts
must overcome these pitfalls. Shively et al. [11] highlighted
the notion of human-autonomy teaming (HAT), where hu-
mans and automation work together. HAT marks a significant
shift from the notion that automation simply replace human
functions.

In the cntext of reduced-crew operations, Shively et al. further
argued that human understanding of automation’s intent and
reasoning as well as automation’s understanding of human
preferences, attitudes and states is crucial for HAT.

Trust plays an important role in success of using automation.
While low levels of trust can lead to disuse, very high level
of trust in automation system can lead to over reliance and
therefore complacency [8].
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Figure 3. Options space for implementation of SPO [1]

ENTER EXPLAINABLE Al

In recent years, performance of Al based systems have ex-
ceeded human level for not only simplistic but complex tasks
(e.g. sentiment analysis, speech understanding or strategic
game playing [9]). However, these highly optimized Al mod-
els usually work in a black box manner. This has been a
concern for number of application areas (e.g. medicine, law,
self-driving cars) due to the inherent non-transparency of these
models. There is a need of explainable and human inter-
pretable Al for trust building. This is particularly necessary
for human centered design that result from the AI model is
validated by a human expert. In SPO context, the pilot.

COCKPIT DESIGN

In the last sixty years, manufacturers have grouped related
functions into common displays and increased the number
of functions and information available to pilots [4]. Also,
cockpit of the aircraft has gone through a massive evolution
from Steam or analogue cockpit (Concorde) to "glass" cockpit
(Airbus A320) to interactive cockpit (Airbus A380) (Fig. 2).

Future visions for SPOs have to face increasing complexity of
cockpit visualization environments, aiming at the optimisation
of pilot’s performance. Indeed, pilots must maintain a high
level of situation awareness during all phases of the flight



in order to match the unprecedented level of safety seen in
current two-pilot-automation based systems.

Researcher have shown an interest in keeping humans in-the-
loop and proposed various new interaction concepts:

1. "Tangibilisation of the cockpit" by Castillo et al. [4]

2. Additional assistant system with AR-Glasses by Tran et al.
[12]

While there is no single solution for SPO interaction concept,
it is likely that the future cockpits will feature multi-modal
interaction with increased autonomy and multiple communica-
tion channel. Meanwhile, incremental changes with a mix of
interaction paradigms must find a way to co-exist together till
the change to a new concept for SPO is designed and validated.

CONCLUSION

A single pilot operation would mean less cost to employ pilots,
less time spent on training and there is definitely an interest
from the aviation industry. However, major hurdles exist in
terms of technology (automation, connectivity, communica-
tion security), regulations (certifications on an aircraft) and
social acceptance of an one-pilot system. Lack of trust in au-
tomation and Al based system is also a major issue and hence
we propose more transparency through the use of explainable
Al models. Pilots, passengers and all stakeholders must be
kept in the loop at all stages to realize the vision of cockpit of
the future for a single pilot operation.
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