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Foreword

This document (EN 16603-10-11:2014) has been prepared by Technical
Committee CEN/CLC/TC 5 “Space”, the secretariat of which is held by DIN.

This standard (EN 16603-10-11:2014) originates from ECSS-E-ST-10-11C.

This European Standard shall be given the status of a national standard, either
by publication of an identical text or by endorsement, at the latest by January
2015, and conflicting national standards shall be withdrawn at the latest by
January 2015.

Attention is drawn to the possibility that some of the elements of this document
may be the subject of patent rights. CEN [and/or CENELEC] shall not be held
responsible for identifying any or all such patent rights.

This document has been developed to cover specifically space systems and has
therefore precedence over any EN covering the same scope but with a wider
domain of applicability (e.g. : aerospace).

According to the CEN-CENELEC Internal Regulations, the national standards
organizations of the following countries are bound to implement this European
Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic,
Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United
Kingdom.”
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Introduction

This Standard defines requirements for the integration of the human in the loop
for space system products. Thus it provides all requirements to be applied
when the presence of the human is planned on-board, or for the nominal or
non-nominal interaction of the human with the system, subsystem or
equipment to be designed (e.g. a ground based human-computer interface).
This Standard identifies requirements for the equipment for implementing a
proper manned system that takes into consideration efficiency, effectiveness
and wellbeing of the on-board crew, and ground based operators of human-in-
the-loop systems. This Standard also identifies the verification methods and
related methodologies to be used to confirm compliance to the above
mentioned requirements.

This Standard is applicable to both the flight and the ground segment of the
space system and refers to the maximum extent possible to already existing
HFE non-space domain standards, deviating only when the specific application
environment dictates it.

The application of human factors (that in the space domain includes
ergonomics) to systems design enhances effectiveness and efficiency, improves
human working conditions, and diminishes possible adverse effects of use on
human health, safety and performance. Applying ergonomics to the design of
systems involves taking account of human capabilities, skills, limitations and
needs.

A space system design will consider human factors and especially the two
following main aspects from the very beginning of the conceptual phase. Firstly
the human being will be correctly taken into account in the design of the
hardware, software and operations products and secondly the corresponding
organisation and training will be addressed in parallel to the design of the
hardware and software.

This standard provides:

. a set of requirements for a human centred design process applied to a
space system compatible with the ISO Standard 13407:1999 - Human-
centred design processes for interactive systems.

A planned accompanying Handbook will provide:

. a tailoring guide of the existing standard - ISO STD 17399:2003
previously known as NASA STD 3000 “Space systems - Man-systems
integration”.

A key issue of the human centred design approach is the involvement of the
stakeholders from the beginning and continuously throughout the project.
Benefits of a human centred design include increased productivity, enhanced
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quality of work, reductions in support and training costs, and improved user
satisfaction. This approach aims to help those responsible for managing
hardware and software design processes as well as planning for operations to
identify and plan effective and timely human-centred design activities. It
complements existing design approaches and methods.

NOTE The customer’s total cost of ownership will be
dramatically reduced if HFE practices are well
integrated into all project phases, from the very
beginning.
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1
Scope

This Standard forms part of the System engineering branch of the Engineering
area of the ECSS system. As such it is intended to assist in the consistent
application of human factors engineering to space products by specifying
normative provisions for methods, data and models to the problem of ensuring
crew safety, well being, best performance, and problem avoidance in space
system and payload operations.

This Standard ECSS-E-ST-10-11 belongs to the human factors discipline, as
identified in ECSS-E-ST-10, and defines the human factors engineering and
ergonomics requirements applicable to elements and processes.

This Standard is applicable to all flight and ground segments for the integration
of the human in the loop for space system (this includes hardware and software
or a combination of the two) products.

When viewed in a specific project context, the requirements defined in this
Standard should be tailored to match the genuine requirements of a particular
profile and circumstances of a project.

This standard may be tailored for the specific characteristics and constraints of a
space project in conformance with ECSS-5-ST-00.
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2
Normative references

The following normative documents contain provisions which, through
reference in this text, constitute provisions of this ECSS Standard. For dated
references subsequent amendments to, or revisions of any of these publications
do not apply. However, parties to agreements based on this ECSS Standard are
encouraged to investigate the possibility of applying the most recent editions of

the normative documents indicated below. For undated references the latest
edition of the publication referred to applies.

EN reference

Reference in text

Title

EN 16601-00-0 I|

ECSS-5-ST-00-01

ECSS system — Glossary of terms

EN 16603—10-06

ECSS-E-ST-10-06

Space engineering — Technical specification

N 16603-34 ECSS-E-ST-34 Space engineering — Environmental control and life
support (ECLS)
EN 16603-7( ECSS-E-ST-70 Space engineering — Ground systems and operations
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3
Terms, definitions and abbreviated terms

3.1 Terms from other standards

For the purpose of this Standard, the terms and definitions from
ECSS-5-ST-00-01 apply, in particular for the following terms:

operation
procedure

stakeholder

3.2 Terms specific to the present standard

3.2.1 context of use

users, tasks, equipment (hardware, software, operations products), and
physical, social and organisational environment in which a product is used

3.2.2 crew

an organised group of users on-board a spacecraft or on a planetary surface
mission

3.23 crew station

an area or volume where the crew operates

3.24 crew systems

hardware, software and operations products used to enable space systems to be
safely, efficiently and effectively used by the crew

3.2.5 effectiveness

extent to which planned activities are realized and planned results achieved
also considering accuracy and completeness with which users achieve specified
goals

3.2.6 efficiency

relationship between the result achieved and the resources used where the
human resource is the primary one to be considered
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3.2.7 human-machine system

system composed by hardware, software and operations products which
include human in the loop

NOTE For example:

e this includes the simple tool up to the complete
-International Space Station (ISS), passing
through a human-robot system;

e the system can also be multi machine or an
organization that interface with a group of
people.

3.2.8 human centred design

approach to human-machine system design and development that focuses,
beyond the other technical aims, on making systems usable

3.29 operation

activities and measures to enable, maintain, or both, the intended use of the
system, payload, or both

NOTE For example:
e agroup of tasks,

e flight or scientific payloads operations.

3.210 operations nomenclature

consistent mission terminology and symbology across all items that the users
interact with

3.2.11 procedure

set of instructions available to the users for system and payload execution that
describe the specific sequence of operations to be performed by the users to
logically, safely, and efficiently accomplish nominal and off nominal tasks
during the mission

3.2.12 stakeholder
any entity (individual or organisation) with a legitimate interest in the system

NOTE For example: managers, users, hardware and
software developers, HFE practitioners, operations
engineers, curriculum developers and training
instructors.

3.213 synoptic display

display for providing monitoring and command capabilities to users

3.214 task

set of activities that are assigned for a particular actor (human or machine) to
perform a specific operation
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3.2.15 user
human who has a role in the operation of the system

NOTE For example: crew and flight controllers.

3.3 Abbreviated terms

For the purpose of this Standard, the abbreviated terms from ECSS-5-ST-00-01

and the following apply:
Abbreviation Meaning
CSR crew station review
DHM digital human model
HCD human centred design
HFE human factors engineering
HMI human machine interface

NOTE: In the context of HFE, MMI (man-machine
interface) and HCI (human-computer
interaction/interaction) are synonyms to HMI

NBF neutral buoyancy facility
PF parabolic flight
TA task analysis
VE virtual environment
____Documents
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4
Requirements

4.1 Overview

Requirements defined in this standard are specific to human factors
engineering applied to the design and development of human machine systems
for space applications. Furthermore this standard defines the high level
requirements for these hardware, software and operation products that are
specifically required by the presence of the crew on board. They include
requirements aimed at reaching the best efficiency and effectiveness of system
that foresee the interaction with the human being.

This document is organised in three different parts namely:

. Process requirements: 4.2 to 4.4 clauses are dedicated to process
requirements applicable to all space related products — where there are
users

. Requirement applicable to flight parts (applicable because are related to
the crew and or to other “space related operators”):

—  4.5is dedicated to human characteristics
—  4.6is dedicated to general HFE domain requirements

— 4.7 to 4.9 are dedicated to the identified crew related systems (crew
system, HMI and operations products).

J Assessment and verification requirements: 4.10 and 4.11 clauses are
dedicated to assessments and verifications for related HFE requirements,
especially the process requirements mentioned in 4.2 to 4.4.

4.2 Key HFE parameters for human-machine systems

421 General

4211 Characterization

a. The HFE parameters listed in 4.2.1.2 to 4.2.1.6 shall be characterised
during design, development and assessment of space projects that
includes presence of humans in the loop.
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4.21.2 HFE Interrelated parameters

a. The following key HFE interrelated parameters shall be characterized in
defining a human-machine system:

1. Users populations,

2 Operations or tasks,

3. Organisational environments,

4 Physical and psycho-physiological environments.

4.21.3 User populations

a. A user population for the different roles to be played in the human-
machine system shall be defined.

b. The characteristics of the intended user population shall be defined in
terms of:

1. Knowledge,

Skill,

Experience,

Education,
Psycho-Physical attributes,
Habits,

N oo 0o L DN

Preference and capabilities (including different nationality etc.),
and

8. Level of Certification.

4.21.4 Task

a. The characteristics of a task of the human-machine system shall be
characterised in terms of:

1. Objectives,

2 Availability of Resources,
3. Human functions,
4

Type (e.g. in case of tasks: cognitive, physical, automated ... e.g. in
case of operations: autonomous, maintenance, guided, proximity),

5. Complexity (e.g. when fast reaction are needed, multiple users are
involved, uncertainties may occur, collaboration with autonomous
or semi-autonomous systems),

6. Mission or life criticality, and

7. Plans and Schedules.

4.21.5 Organisational environment

a. Organisational environment shall be characterised in establishing the
users’ roles within the system.
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The organisational environment shall include:

1. users roles,
2. crew size and compositions, and
3. share of control between users.

4.2.1.6 Physical and psycho-physiological environments

a.

Physical environment shall be characterised in terms of:

1. Gravity,

[Nlumination, ambient light and colours,

Radiation (of cosmic origin and manmade sources),
Contamination (e.g. trace-gasses, microbiological, and particles),
“Comfort box” (temperature and humidity),

Air composition, ventilation and pressure,

Noise,

Vibration,

© ® N & O ok W DN

Acceleration,

—_
e

Day-Night cycle, and
11.  Environmental Hazard (e.g. electromagnetic fields, sharp corners).

The following space related items that can impact on the psycho-
physiological state of the users shall be characterised:

1. Habitable volumes and confined environment,
2 Privacy and personal items,

3 Aesthetics, colours and local “1-g” orientation,
4. Mission type and duration,
5

Communications capabilities (private medical conferences; family
contacts voice, television programs or movies),

Distance from Earth,
Autonomy and control policies,

Safe haven or emergency escape system,

© ® N

Food and diet,

10.  Leisure,

11.  Crew size and composition,

12.  Medical and psychological supervision,
13.  Social monotony,

14.  Sensory deprivation, and

15.  Sleep and circadian rhythm.
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4.2.2 Context of use

a. Context of use analysis shall be performed

b. Existing reports on previous systems and missions (if available) shall be
used.

C. The context of use shall be defined in terms of:
1. Tasks that the users have to perform,

2. Overall goal of the system, and
3. Implication on health and safety.

d. The set of potential exceptions and anomalies shall be identified.

4.3 HFE role and mission context

4.31 General

a. The HFE practices shall be applied from the beginning of the project in
the design of all systems and their related missions, during all system
mission phases when human beings are involved.

4.3.2 HFErole
a. Throughout the project the HFE shall:

1. be responsible for establishing and updating of the users’ roles,

2. be responsible for the definition, maintenance and verification of
system human related requirements,

3. support and approve establishing and updating of users manuals,
operations nomenclature and procedures,

4. support and approve definition, design, development and
assessment of the required Crew Systems,

5. support and approve definition, design, development and
assessment of the required Human Computer Interface software,

6. support and approve definition, design, development and
assessment of the required Training Materials.

4.3.3 Operations nomenclature

a. The operations nomenclature shall be univocally defined not later than
phase B of the program in cooperation with the engineering development
and kept under configuration control.

b. Operations nomenclature shall assign operationally relevant terminology
to hardware, HMI and database items.
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