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Abstract. This paper presents a comprehensive exploration of the design phi-
losophy for civil aircraft cabins, emphasizing the importance of human factors
engineering in creating safe, comfortable, and efficient environments for both
passengers and crew. The design principles are categorized into four key areas:
safety, comfort, efficiency, and enjoyment. These principles not only ensure
compliance with airworthiness and safety regulations but also address the ergo-
nomic and emotional needs of passengers, thereby enhancing their overall travel
experience. The discussion extends to the modularity and flexibility of cabin
designs, which cater to diverse customer requirements and market demands.
The study concludes that a human-centered design approach is critical for de-
veloping cabin environments that meet the expectations of all stakeholders, in-
cluding airlines, passengers, and regulatory bodies.
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1 INTRODUCTION

Cabin is an integration compartment of the environment for the passenger in journey,
for the cabin crew to accomplish their tasks, for airline to operate the configuration.
Stakeholders.The stakeholders about cabin includes attendants, passengers, operation
of airline, maintenance, ground service and civil aviation administration.

1.1 Cabin Related Scenario

The normal scenario of the cabin includes pre-flight preparation, boarding, safety
demonstration, pre-flight safety inspection, meal preparation and recycling, passenger
service, use of lavatory, personal activities of passengers, crew rest, pre-landing safety
inspection, departure, post-flight cleaning and inspection; Abnormal cabin scenarios
include bumpiness, land evacuation, ditching, cabin decompression, cabin smoke,
public safety disposal and emergency rescue.

© The Author(s) 2024

P. Batista et al. (eds.), Proceedings of the 2024 International Conference on Humanities, Arts, Education and
Social Development (HAESD 2024), Advances in Social Science, Education and Humanities Research 892,
https://doi.org/10.2991/978-2-38476-344-3_29


https://doi.org/10.2991/978-2-38476-344-3_29
http://crossmark.crossref.org/dialog/?doi=10.2991/978-2-38476-344-3_29&domain=pdf

The Design Philosophy for Civil Aircraft Cabin 251

1.2  Cabin Related Requirement

Cabin-related requirements are detailed in Table 1, covering both functional and non-
functional aspects crucial to the overall design. These requirements are carefully cas-
caded from the top level down through various systems, ensuring that the cabin oper-
ates as a fully integrated product. This approach guarantees that every component
works in harmony to deliver a superior passenger experience.[!! The design philoso-
phy emphasizes not only safety, comfort, health, efficiency, and flexibility but also
the importance of diversity and adaptability to different needs and preferences. More-
over, the cabin design is aligned with the latest industry standards and anticipates
future trends, ensuring that the cabin remains relevant and competitive in the ever-
evolving aviation industry. This comprehensive strategy results in a cabin environ-
ment that provides a pleasant and enriching experience for passengers, enhancing
their overall journey.

Table 1. Cabin related requirements.

Content Architecture
Provide and Control normal external accesses and exits

Requirement Document name

Aircraft Level Functional Require-
ments FRD2—Provide and Control
Accommodation and Access for
Payload/Crew/Passenger

Provide and control internal accesses and exits

Provide crew/passenger/luggages accommodation
Provide and control accesses and exits for payload
Provide Cargo loading, storage and unloading facilities

Aircraft Level Functional Require-
ments FRD3—Provide human com-
fort and service

Aircraft Level Functional Require-
ments FRD4—Provide and Control
Environment

Aircraft Level Functional Require-
ments FRD9—Provide Human-
Machine Interface

Aircraft Level Functional Require-
ments FRD10—Ensure Safety of
Human

Cabin Safety Design Requirements

Provide Galleys

Provide Lavatories

Provide Rest Facilities for Crew

Control Noise Propagation

Provide passenger entertainment and service
Provide Personal CommunicationProvide Personal
Power Supply

Provide Internal Lighting

Provide Data Display for Cabin Crew

Provide Operation and Data Input for Cabin Crew
Provide Cabin Internal Communication

Provide HMI for Passenger

Provide Emergency Medical Support

Provide protection and survival means in emergency
situations

Cabin environment

Human protection

Flammability and Fire protection

Evacuation and escape systems

Cabin security
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Aircraft Exterior Markings and Markings and Placards Basic requirement
Placards Requirements Cockpit Markings and Placards Design Requirement
Cabin Markings and Placards Design Requirement
Cargo Markings and Placards Design Requirement
Exterior Markings and Placards Design Requirement
Other Markings and Placards Design Requirement
Cabin and Cargo Integrated Design = Arrangement integration
Requirements Design performance
Operation and Customization
Aircraft Cabin Human Factors Physic Engineering
Display
Information
Usability
Error-proofing

2 GENERAL PRINCIPLE

To make it more concrete, 4 top level principles for Cabin design philosophy are pro-
posed and shown as below. The figurel describes the hierarchy schema.

e Safety;

e Comfort;

e Efficiency;

e Enjoyment.
2.1  Safety

Safety is the basic requirement for cabin design, to create a safe environment for pas-
senger, crew and ground maintenance. It includes airworthiness safety, safe design
and security.?]

2.2 Comfort

Human factors are guidelines for comfortable and health cabin design. It includes
environment, physical Ergonomics, aero-medicine, usability and conscious and be-
havioral.

2.3 Efficiency

Human factors also effect the efficient for the work of crew and ground service. Nev-
ertheless, more flexibility cabin design, more diversified configuration and more cus-
tomization cabin design will provide efficient and economical work for airline opera-
tors.
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2.4  Enjoyment

Enjoyable experience comes from the combination of design and services. Design is
the basic of experience, then, cabin will give the differentiated offerings as well as
emotional design for different customer. Finally, it is a product which passengers are
willing to take, and airline is eager to use.

User Experience
Enjoyable
Experience

‘ All stakeholders
Flexibility design |

Diversified configuration Efficient Crew, Ground service, Airline

Human Factors

Comfortable | passenger, Crew

Airworthiness safety ‘

safe design —
9 i ‘ Passenger, Crew, Ground service
Security

Fig. 1. Design philosophy hierarchy.

3 CABIN SAFETY

Aircraft cabin safety is a discipline that addresses occupant protection/survival, pro-
vides conditions for rapid evacuation from the aircraft, and obtains time as long as
possible to evacuate the aircraft; focuses on the safety issues of the occupants after the
fall and in flight. It includes: crash Dynamics, human tolerance, flammability/fire
protection, emergency evacuation systems, imprinting equipment, cabin layout and
security.

This is a topic dedicated to provide passengers and crew members with a safe envi-
ronment at all stages of flight and reducing their casualties due to aircraft accidents;
Blits focus is on solving bumps in the flight, cabin decompression, on-board fires and
after-falls’ survivability and other issues, including the structure’s fall ability, mem-
ber’s impact protection, emergency evacuation, post-fire protection and water evacua-
tion.

3.1 Cabin Environment

The cabin provides a safe environment for the crew, including the structural safety of
the aircraft, the passage and access of the cabin, the exit location, the layout, the aisle
width, the floor slip, the pressure relief analysis, emergency lighting, emergency
evacuation and cabin broadcasting.

3.2 Human Protection

The cabin provides personnel with protection against rides and physical protection in
emergency situations, including dynamic design and 16g impact test seats, oxygen
systems, life equipment and an interior environment with no sharp design.
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3.3  Fire Protection

The material of the cabin must meet the flame retardant properties and the smoke
detection equipment and fire extinguishing equipment are arranged in the cabin.!)

3.4  Cabin Security

In response to terrorist hijackings and bomb attacks, the cabin was designed with
safety protection in mind, with FAR 25.795 and its AC, FAR 25-127 amendments,
etc.; details include minimum explosive location design, cockpit and cabin smoke
Protection, anti-hijacking door or isolation device design, easy to search cabin interior
design.

3.5 Placards

Placards are used to guide passengers to escape and to alert and alert the equipment.

4 CABIN HUMAN FACTOR

The task of cabin human factor is to ensure that cabin products and services meet the
needs and expectations of the users (operational crews and passengers) and allow a
maximum efficiency of operations for the customers (airlines). [*'The consideration of
cabin human factor is to provide a comfort, health and efficient cabin. The elements
of human factor are shown in figure2.

temperature

hemidity L
noise e

o
pressure |
ventilation

7 Human adaptability
Special populations

Security and protection
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Accessibili
Space coi
visibility

Display
Operating device
Alert and Propt
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behavior

Aesthetic demand
Service requirements

ABojoyahsg

Fig. 2. Cabin human factor elements.
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4.1 Environment

Comfortable environment considers temperature, humidity, noise control, pressure
control and ventilation design according to the comfort human request.

4.2  Physical Ergonomics

Physical Ergonomics includes Accessibility, spatial comfort and visibility.

4.3  Aero Medicine

Aero medicine includes the design of human fitness, special population assurance and
safety protection.

4.4  Usability

The usability includes friendly human-machine interface, operational device usability
and effective alert method.!”!

4.5 Conscious and Behavioral

It mainly includes the consideration of users' conscious behavior, the demand of aes-
thetics and service.

5 DIVERSIFIED DESIGN AND CONFIGURATION

The diversified reflected in the aircraft is that it will provide more cabin options to
customer. Provide customizable configuration for customers.

5.1 Cabin Options

The aircraft conducts adequate market research and analysis to provide adequate cab-
in options based on customer requirements.

5.2 Customization

Cabin will provide customizable parts in interior, cabin systems and mood lighting.!®

6 FLEXIBILITY DESIGN

Flexible design provides the ability of quickly adapted of cabin, which reflected in the
modular design of the cabin, the product has a unified interface design, the door area
installs unified floor rail, which can match different service facilities. The interior of
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cabin products adopts standard physical interfaces, such as galley insert adopt ARNIC
810.

6.1 Modularization

Modular design ideas include the definition of standard compartment, uniform instal-
lation interface, provide configurated cabin environment.”!

6.2  Universality

Universality is reflected in the design of products using relatively uniform industry
standards, the development of family and series of products.

7 ENJOYABLE EXPERIENCE

Enjoyable experience comes from the environment, the individual factor and the ef-
fect of surrounding. The feeling of enjoyable in ideal user experience includes emo-
tion, deep first impression and Exceed expectations.

7.1 Emotion

Emotional design of products focuses on people's emotional needs and spiritual needs.
Under the premise of guaranteeing the basic functions of products, some information
that conforms to user needs is transmitted to users, so as to stimulate users' emotions
and make them gain some kind of experience. Cabin design such as interior, color,
graphic and IFE system will consider the user's emotional, belonging and self-
realization needs.

7.2 Deep First Impression

A special, interesting or unusual design can make a strong first impression on the
user, such as the new cabin color scheme and the configuration of smart equipment.
Some of the design of the cabin makes a strong first impression on the user, which
can deepen their sense of identity and make them willing to try again.

7.3  Exceed Expectations

Unexpected designs that give users a sudden sense of pleasure, and they are the result
of capturing and optimizing for the pain points in current cabin. For example, im-
proved leg space, larger overhead stowage, electric stowage, sensor flush/faucet.
Aircraft cabin design based on service design thinking, through effective planning
and organization of people involved in the service, infrastructure, communication and
related factors such as material, dig the stakeholders in the cabin encountered in the
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work experience and the "pain points", conducting user research, to shape the ideal
user experience model, put forward feasible and effective solutions.

8 CONCLUSIONS

Human-centered design processes will ensure efficient, effective, user acceptable
Flight Deck HMI that will be easy to train, operate, and maintain. Human Factors
Engineering evaluation play a very important role in the design of the Flight Deck
HMI. The "high-level" design-review principles here represents the generic HMI
characteristics necessary to support flight crew performance. While these principles
are not detailed review guidelines, they may serve several purposes. First, they might
be used to develop many of the detailed review guidelines for HMI design. Second, as
general principles, they could be used to support the preliminary evaluation of aspects
of the novel HMI design, such as new display formats or new interactive method etc.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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