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1. SCOPE

This ARP defines recommended flight crew interface design processes and methods for new flight deck designs as well
as modifications to the flight crew interface of existing flight decks of transport category aircraft (Part 25), which includes
commercial transport aircraft, regicnal and business aircraft. These processes and methods are intended to be utilized by
the design engineers of manufacturers of transport category aircraft or any modifiers to the flight deck system. Modifiers
include equipment suppliers, avionics manufacturers, aircraft operators, original equipment manufacturers (OEM),
regulatory authorities, or anyone seeking a supplemental type certificate (STC), type certificate (TC), amended TC, field
approval, or equivalent approval.

The processes and methods described in this ARP address the integration of human factors/ergonomics, engineering,
and flight operations in the design and/or modification of flight crew interfaces. These interfaces provide the flight crew
access to the installed systems, using controls, indications and displays, in order to allow them to accomplish the tasks of
aviate, navigate, communicate, and manage systems. Included in these processes and methods are considerations for
flight crew training, the use and integration of automation, error tolerant designs, and task management.

These processes and methods are designed to yield flight deck designs that are both safe and efficient, in that order of
priority. These processes and methods address the issue of creating modifications to existing designs that are compatible
with the original intent of the flight deck design.

2. REFERENCE SECTION

The documents listed in 2.1 are referenced for guidance in this document. The documents listed in 2.2 are provided for
information purposes only and do not form a part of the recommendations of this document. A biblicgraphy of literature
relevant to this document is also presented in 2.2

21  Applicable Documents

211 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae. org.

ARP4033 Pilot-System Integration
ARP4107 Aerospace Glossary for Human Factors Engineers
ARP4155 Human Interface Design Methodology for Integrated Display Symbology

21.2 U.8. Government Publications

Available from the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http.//assist. daps.dla. mil/quicksearch/.

MIL-HDBK-1908B Definitions of Human Factors Terms

MIL-HDBK-46855A Human Engineering Requirements for Military Systems, Equipment and Facilities
DI-HFAC-80742B Data ltem Description for Human Engineering Simulation Concept

DI-HFAC-80746A Data Item Description for Human Engineering Design Approach Document-Operator
DI-HFAC-80747B Data Item Description for Human Engineering Design Approach Document-Maintainer

DI-HFAC-81399A Data ltem Description for Critical Task Analysis Report

Documents

Document Sharing Hub

Full document details: SAE ARP5056A


http://www.avadocuments.com/doc/sae-arp5056a
http://www.avadocuments.com/doc/sae-arp5056a

SAE INTERNATIONAL ARP5056™A 4 OF 34

Human Factors for Flight Deck Certification Personnel, K Cardosi, FAA Report DOT-VNTSC-FAA-93-4, Jul, 1993
The Interfaces Between Flight Crews and Modern Flight Deck Systems, FAA, Jun 1996

A Crew-Centered Flight Deck Design Philosophy for High-Speed Civil Transport Aircraft, NASA TM-109171, Jan 1995
2.1.3 Other Publications

Aviation Automation: The Search for a Human-Centered Approach, C Billings, Lawrence-Erlbaum Associates, 1997
Human Factors Aspects of Flight Deck Design - Issue 2, JAA Interim Policy INT/POL/25/14

International Organization for Standardization. (1981). Ergonomic principles in the design of work systems (1st. ed.) (ISO
6385:1981). Genéve, Switzerland: International Organization for Standardization.

Airbus Cockpit Philosophy, Airbus Industrie Document AI/EV-T: 474.0482/01, May 2001.

Human Factors - HWG Final Report June 15, 2004, “Flight Crew Error/Flight Crew Performance Considerations in the
Flight Deck Certification Process”, Human Factors-Harmonization Working Group, Federal Aviation Administration - USA,
European Aviation Safety Agency — Europe.

2.2  Applicable References

221 Workload References

Garland, DJ, JA Wise, & VD Hopkin (Eds.). (1999). Handbook of Aviation Human Factors. Mahwah, NJ: Lawrence
Erlbaum Assoc.

Handcock, P. & N. Meshati (Eds.). (1988). Human Mental Workload. Amsterdam: North Holland.

Jahns, DW. (1973). Operator workload: What is it and how should it be measured? In KD Cross & JJ McGrath (Eds.).
Crew System Design. Santa Barbara, California: Anacapa Sciences.

Stamler, JH. (1993). The Dictionary for Human Factors/Ergonomics. Boca Raton, FL: CRC Press

Weirwille, WW & FT Eggemeier. (1993). Recommendations for mental workload measurement in a test and evaluation
environment. Human Factors, 35.

2.2.2 Pilotinthe Loop References

Billings, CE. (1996). Aviation Automation. The Search for a Human-Centered Approach. Mahwah, NJ: Lawrence
Erlbaum Assoc.

Flach, J, P Hancock, J. Caird & K. Vincente (Eds.). (1995). Global Perspectives on the Ecology of Human-Machine
Systems. Mahwah, NJ: Lawrence Erlbaum Assoc.

Garland, DJ, JA Wise, & VD Hopkin (Eds.). (1999). Handbook of Aviation Human Factors. Mahwah, NJ: Lawrence
Erlbaum Assoc.

Sarter, NB & R Amalberti (Eds.). (2000). Cognitive Engineering in the Aviation Domain. Mahwah, NJ: Lawrence
Erlbaum Assoc.

2.23 Error Tolerant Reference

Palmer, EA, EL Hutchins, RD Ritter, & | vanCleemut. (1993). Altitude Deviations: Breakdowns of an Error Tolerant
System. NASA Technical Memorandum, DOT/FAA/RD-92/7. July
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2.2.4 Cognitive Complexity References

De Keyser V., Javaux D. (1998). Mental Workload an Cognitive Complexity. In N. Sarter & R. Amalberti (Eds, Cognitive
Engineering in the Aviation Domain. Lawrence Erlbaum Associates.

Javaux D. (1997) Measuring Cognitive complexity in Glass-Cockpits. A Generic Framework and its application to
autopilots and their modes. In R.Jensen & L. Rakovan(Eds). Proceedings of the ninth Symposium on Aviation
Psychology, Colombus, Ohio.

Rauterberg, M., (1992). “A Method of a Quantitative Measurement of Cognitive Complexity”, In: Van der Veer, G., Tauber,
M, e.a.: Human-Computer Interaction: Tasks and Organisation. CUD-Publ., Roma, pp. 295-307.

2.3 Definitions
Definitions used in this document shall be as noted in the Glossary of Terms defined in Section 8.

The word “shall” is used to express an essential (mandatory) requirement. Conformance requires that there be no
deviation. The word “should” is used to express a recommended requirement. Deviation from the specified
recommendation may require justification.

3. INTRODUCTION/BACKGROUND SECTION

This Aerospace Recommended Practices (ARP) document contains information and guidance in the form of best
practices on the application of human-facters (HF) principles to the design, implementation and retrofit of aircraft systems
within the context of operational requirements and safety in modern civil aircraft.  Additionally, the ARP provides a
process template to aid the designer in ensuring that human-factors considerations are included in all phases of design,
production, operational implementation and any subsequent modification. This document is intended to be utilized by
design engineers however, regulatory agencies and customers may use or point to all or part of this document as an
example of how to generate acceptable designs from a human factors perspective.

The increased utilization of automated systems, coupled with the increased workload of operating sophisticated aircraft in
the modern international airspace system, has made the proper application of sound human-factors design principles
more impertant than ever. The growth in air traffic has placed demands on the airspace and airport infrastructure that are
far beyond anything envisioned in original flight deck designs. These demands have increased pilot workload and
reduced margins for error.

This ARP provides recommendations to support the accomplishment of the highest level of safety, while obtaining the
greatest benefit and efficiency from modern flight deck designs. The need to ensure that modification and upgrade to
existing flight decks recognize, and are compatible with, the original flight deck design, systems operation and systems
integration are alsc covered.

The human-centered design process described in this document is a proven practice that accommodates the inclusion of
human factors principles along with engineering and flight crew operations expertise early enough in any product design
cycle to be effective such that human engineering principles are “designed in” rather than “reviewed in". Incorporating
human-centered design from the beginning of a project and through to its conclusion will result in a cost-effective, safe
and acceptable flight crew interface as well as enhancing the overall aircraft system efficiency. The process is adaptable
and amenable to alteration as appropriate to the design effort. It is applicable throughout any stage of the product life
cycle from initial design and certification on through any future supplemental type certificates, modification and/or
alteration activities subsequent te the initial certification.

The need to allow innovation and systems enhancements is recognized as a valid requirement. All manufacturers have
proprietary designs that they must protect and continue to develop, so the ARP recommendations are targeted at high-
level principles that will encourage and foster future development and progress. A look at the published human-factors
design guidelines of the two largest aircraft manufacturers clearly show that, even though they traditionally have taken
different approaches to aircraft and systems design, their high level human-centered design principles are surprisingly
similar. These have been included in Section 7 for reference.
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Utilization of the processes and methods described in this ARP will help ensure that the flight crew interface design will be
acceptable to both customers and regulatory agencies. However, this ARP does not define what the flight crew interface
design attributes of the system or aircraft should be. Finally, the guidance presented in this document includes both
human interface considerations as well as recommended best practices.

4. FLIGHT DECK DESIGN PROCESS OVERVIEW AND EXPLANATION OF USAGE OF THIS DOCUMENT IN THE
DESIGN PROCESS

41  Flight Deck Design Process Overview

The flight crew interface design processes detailed in this document are an integral part of systems engineering as
depicted in Figure 1. Although the processes outlined in this document appear to be linear, the design process is actually
iterative in nature. Hence the linear steps outlined here only represent major phases of development but many items like
requirement discovery, concept or solution development and evaluation happen in iterative cycles typically spiraling into
greater and greater design details until a final design is implemented. It is alsc impertant to note that depending on the
design novelty and complexity, the same steps should be appropriately tailored. For example, while all steps should be
considered even for simple design changes, the amount of and level of evaluation, analysis, and testing will vary
significantly depending cn the size, complexity, and novelty of the design project.

4.2  Structure of This Document

Section & contains details on five important process steps for integrating human centered design into the flight deck
engineering process. For each process step, the rationale and scope are defined. In addition, four items are included for
each process step: Inputs, Outputs and Deliverables, Human Machine Interface (HMI) Considerations, and Best
Practices.

Inputs include both externally generated inputs as well as HMI generated requirements and requirements from previous
steps.

Output and Deliverables are items that are either flowed into the next process step or that feed into other engineering
process steps.

HMI considerations are items that need to be included in this step of process in order to ensure an adequate coverage of
human factors principles in the design process.

Best Practices are those items that have been found to lead to effective HMI designs in the most efficient manner.

Each of these four items is identified in the tables appearing in each of the five process step sections. While parts or
processes belonging to the four categories (i.e., Inputs, Outputs and Deliverables, HM| Considerations and Best
Practices) are identified in the table, the purpose of the comments sections is to provide additional detailed information for
those parts of the process that are not self-explanatory. Items having this additional information as comments are
designated in each of the tables with a reference to the appropriate section in the document.

Since a flight deck design philosophy is a major component of human centered design, Section 6 of this document
contains details and considerations for the development of a flight deck design philosophy. Section 7 contains separate
examples of high level human centered flight deck design philosophies from two major aircraft manufacturers.
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5. FLIGHT CREW INTERFACE DESIGN PROCESS

Five major process steps for including human centered design within the overall flight deck and engineering design
process are depicted in Figure 1 in approximate relationship to the overall engineering design process. While the five
steps, requirements capture, concept of operations, interface solution, detailed design and implementation and integrated
test and evaluation, are shown as linear, the actual design process is more complex and often iterative. However, these
five major steps must be part of the overall design process.

Flight Crew Fliaht Crew Flight Crew Flight Crew Flight Crew
Interface Cognoe t of Interface Interface Detail Interface
Requirements o tp Solution Design & Integrated
Capture perations Defined Implementation Test and
Section 5.1 Section 5.2 Section 5.3 Section 5.4 Evaluation
Section 5.5

|
Prelim

Solution Critical

Project Require- High

Definition & ments Level Definition Design Design
Go-Ahead Capture Concept Phase Review | Review
Validation

FIGURE 1 - BASIC FLIGHT CREW INTERFACE DESIGN PROCESSES SHOWN IN RELATION TO OVERALL
ENGINEERING DESIGN PROCESSES

5.1 Flight Crew Interface Requirements Capture/Discovery
5.1.1 Rationale/Scope
The flight deck design process should begin with gathering of all external and internal constraints and requirements that

may affect the flight crew interface design (includes all flight crew functions). These are typically higher level types of
requirements. Where requirements are missed, the final design can not meet the customer expectations.
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5.1.2  Major Process Components for Flight Crew Interface Requirements Capture and Discovery

TABLE 1
Inputs Qutput/Deliverables
+ Flight deck design philosophy (see Section 6) | ¢ Documented organized consistent set of
e Aircraft mission and operational requirements requirements
(see 5.1.3.1.2) + List of unresolved issues associated with HM|
s Appropriate regulations requirements
+ Market strategy drivers (see 5.1.3.1.3)
+ Flight deck configuration (see 5.1.3.1.4)
+ PFilot operational experience and pilot
capabilities (see 5.1.3.1.9)
* Applicable lower level guidelines and
conventions (see 5.1.3.1.6)
HMI Considerations Best Practices
Requirements capture - per Input Box above + Engage appropriate multi-disciplinary team
HMI requirements categorization, (see 51.3.4.1)
pricritization, and validation (see 5.1.3.3.1) ¢ Determine level of complexity and novelty (see
» |dentification of conflicting HMI requirements 513.42)
¢ |dentification of conflicting requirements: use
of flight deck design philosophy to de-conflict
or prioritize

5.1.3 Process Comments

2.1.3.1  Inputs

5.1.3.1.1  Flight deck design philosophy - see Section 6.

5.1.3.1.2 Aircraft Mission and Operational Requirements

Examples of mission and operational requirements that are affected by or affect the flight crew interface include but are
not limited to mission range and duration, airline company standard operating procedures, as well as landing capability
and dispatch requirements. It is also important to define all of environments in which the aircraft is to operate.

2.1.3.1.3 Market Strategy Drivers

Examples of items that make up the market strategy include cost targets, training and proficiency goal, safety goal,
maintainability strategies, functionality requirements and objectives.

5.1.3.1.4  Flight Deck Configuration

Constraints include: ergonomic, flight deck environmental issues, lighting controls, coding (e.g., color, shape),
arrangement rules of overhead panel, glareshield, main instrument panel, central pedestal and other installation factors.
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51.3.1.5 Pilot Operational Experience and Pilot Capabilities

Pilot characteristics to consider include pilot operational characteristics, composition of the flight crew as well as overall
pilot capabilities. Pilot operational experience includes demographics (including national cultural background and
differences), experience base, and qualifications of the intended pilot population. Crew composition characteristics
include the number of pilots, expected flight durations and any relief crew requirements. Pilot capabilities include general
human anthropometry, perceptual and cognitive abilities. In the area of anthropometry, issues of strength, size, reach,
accessibility, and controllability must be considered, although many of these are governed by regulatory documents. With
respect to perceptual issues, key areas include color perception (especially the effects of aging on color perception),
perceptual attention, human auditory capabilities, and general visual processing especially in the areas of contrast and
brightness perception. In the area of cognition, the historical key attributes of interest have been workload (both high and
low workload levels) and the pilots’ understanding of system automation.

5.1.3.1.6 Applicable Lower Level Guidelines and Conventions

Lower level guidelines and conventions include those which flow out of the Top Level Flight Deck Design Philosophy
(Section 6), constraints imposed by the Design Organization’s Human Interface Design Specifications, the Customer’s
Human Interface Design Specification (if any), and regulatory considerations such as AC/AMJ 25-11. The lower level
guidelines include but are not limited to information on use of color, control accessibility and lighting. For modifiers, the
original Flight Deck Design philosophy, if available, may be beneficial.

51.3.2 Qutput/Deliverables

From a process perspective, flight crew interface requirements should be documented along with the rest of the design
requirements.

51.33 HMI Considerations
51.3.3.1  HMI Requirements Categorization, Pricritization, and Validation

HMI considerations requiring categorization, prioritization, validation and conflict identification include but not necessarily
limited to:

a. Crew tasks

b.  Cognitive and physical ergonomics

c. System error detection and recovery

d. Human error, its mitigation and recovery
e. Mode awareness of system state

f.  Automation

g Alerting

h. Information coding (e.g., color, symbology, auditory, and tactile)
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5.1.3.4 Best Practices

5.1.3.41 Engage appropriate multi-disciplinary team.

An effective skill set includes:

a. Flight operations (line pilots are important in uncovering unintended uses of prior designs)
b. Human factors

c. Systems engineering

d. Certification

e. Airspace operations, e.g., Air Traffic Management (ATM), Airport and/or Airline Operatiocnal Communications (ACC),
Dispatch

Aftributes/expertise desired:

a. Broad skills with small teams to make decisions

b. Comfortable with ambiguity for some period of time

c. Ability to generate probing questions of users and requirement generators

2.1.3.42 Determine level of complexity and novelty.

Complexity and novelty determine how much and what kind of analysis, evaluation, testing, etc is necessary during
g;:tz-lrc‘)np.)ment, and implementation. Complexity and novelty will also drive the level of training required to operate the

2.1.3.421 Novelty

The Human Factors - HWG Final Report June 15, 2004 defines four factors to consider when determining degree of
novelty associated with a design:

a. Introducing new technologies that operate in new ways for either established or new flight deck designs.
b. Introducing unusual or additional operational procedures as a result of the introduction of new technologies.

c. Introducing a new way for the flight crew to interact with systems utilizing either conventional or innovative
technology.

d. Intreducing new uses for existing systems that change the flight crew’s tasks or responsibilities.

Novelty is generally considered a very subjective measurement. People of different experience levels, and different
general backgrounds, will generally perceive the novelty of a specified task differently. However, the relatively consistent
and well established conventions present in aircraft flight deck environments do provide a reference by which to measure
novelty.

The key measurement here is also strongly related to how “well known” a task may be in terms of the expected user
community. Appendix A contains a suggested method for deriving a measure of novelty.
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