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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

International |
International §
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ISO 1503 was
of human-sys|

This second
revised.

Flectrotechnical Commission (IEC) on all matters of electrotechnical standardization.

btandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
k of technical committees is to prepare International Standards. Draft International Starndards
he technical committees are circulated to the member bodies for votings Publication pgs an

btandard requires approval by at least 75 % of the member bodies casting a vote.

awn to the possibility that some of the elements of this document may be the subject of patent
all not be held responsible for identifying any or all such patent rights.

5 prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee SC 4, Ergoriomics
fem interaction.

edition cancels and replaces the first edition (ISO1503:1977), which has been techhically
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Introduction

It is essential for the safety and usability of any system or product that the relationship between the direction
of its controls intended by a user/operator and the resulting direction of movement of the target object be
standardized.

For example, if the operation of fire-fighting equipment is not standardized, then swift and appropriate

opera
in Mo
be ca
and
user/d
target

One g
huma
effect
of a tg

The fi
three
revise

stand@rd more directly applicable in real-world situations. It deals with ergonomics design

requir
techni

ion in the event of a fire is difficult. If a one-hand lever is to be moved forward in Model A
el B for speed-up of a railway electric car, frequent human error and, eventually, acciden

he efficiency of its user/operator will suffer. In construction work, effectiveness,
perator satisfaction will be diminished if the user/operator's intention to make ‘a)dynamic
object is not well followed in the control of earth-moving machinery.

f the purposes of this International Standard is to contribute to the enhaficement of safety
n error during use as well as maintenance of a system and/or product. Another i
veness, efficiency and user/operator satisfaction by making the/change of state and/or th
rget object consistent with the user/operator's intention.

st edition of ISO 1503 was constructed mainly in the framework of geometry regarding th
dimensional axes, geometrical orientation and the direction of control and display mo
d edition incorporates the ergonomic issues that.affect direction design with the aim

ements for direction for products and work systems in a combined way — both for|
cal systems and newly developed information\technology-related systems.

!

and backward
s are likely to

ised. If a computer does not respond in accordance with what is shown on its screen), thgn its usability

fficiency and
change of the

by preventing
5 to improve
e movements

e definition of
ements. This
f making the
rinciples and
conventional
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Spatial orientation and direction of movement — Ergonomic
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uirements

1

This International Standard sets out design principles, procedures, requirements and recommen

spati

office
aircra
faciliti

It lays
or chd
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NOTE
design

relevant machines/devices.

cope

orientation and direction of movement of controls and displays used in tool machines, ind
machines, earth-moving machinery, transportation (automobiles, railway glectric cars
t, ships, etc.), information, daily commodities, public utilities and the operational compone
S,

down basic requirements for determining the operating direction of<controls and the moy
nging states of the target object, as well as other relations.

hternational Standard

efines three dimensional axes, the observer, viewing systems, linear movement, rotary m
mensional and three-dimensional movements in a dyiiamic space sequentially,

bscribes the four principles for determining the@perating direction of a control, the moving
rget object and/or display,

rovides GUI (graphical user interface)\design requirements and recommendations that
lationship between the computer ppération and the movement of images on-screen in lin
naracteristics and to promote safety-and efficiency in computer-assisted tasks,

bts out design principles andyrecommendations for determining the moving directions of 3
hd the controls of a combined control system using a multi-direction control that easil
bmplex operations inténded by the user/operator as they are often seen in industrial ap
Lisiness use, and

ves principles-and recommendations for the direction design of existing, as well as new, sy

Ergonomics requirements or recommendations given in this International Standard can als
ng the direction of movement of other industrial goods, such as medical equipment, TV or PC garn

lations for the
ustrial robots,
rolling stock,
hts of building

ing directions

bvement, two-

direction of a

integrate the
e with human

target object
realizes the
paratuses for

stems.

be applied to
he devices and

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 6385:2004, Ergonomic principles in the design of work systems

ISO 9241-110, Ergonomics of human-system interaction — Part 110: Dialogue principles

ISO 9355-2:1999, Ergonomic requirements for the design of displays and control actuators — Part 2: Displays
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ISO 9355-4, Ergonomic requirements for the design of displays and control actuators — Part 4: Location and
arrangement of displays and control actuators 1)

ISO 13407:1999, Human-centred design processes for interactive systems

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

axis
one of three g

NOTE Thg
the longituding
coordinates).

3.2
centre point
assumed refe

NOTE Thg
planes. This pd
be located any
(3.20.1). The c

3.3

mono-direction control

single-direct
oneoraseto

3.4
multi-directic
control unit th
in the planes

3.5

combined cgntrol system

control systen

NOTE Thi

3.6
direction
position of a

ssumed infinite mutually perpendicular straight lines through the centre point of the target

e infinite straight lines run from behind to front, from left to right, and from top to bottom, correspon
| axis, X, transverse axis, Y and normal axis, Z, respectively (based on the Cartesian sys

rence point for the spatial orientation and determination of movements of a target object

e centre point is the primary standard provided by the intersecting-point of three axes or three ref]
int corresponds to the viewpoint of the observer (3.10) in the intefnal viewing system (3.20.2), a

bbject

ding to
em of

erence
hd can

fwhere on the target object according to the purpose of observation in the external viewing system

entre point need not coincide with the gravitational centre of thetarget object.

on control
f controls that control the movements of a target object only on one axis at a time

bn control
at alone can control a target object in two or more moving directions along X, Y and Z axe
composed of these axes orin.the space composed of three planes

n in which two or more multi-direction controls (3.4) are applied

5 system is seen typically in modern earth-moving machinery.

oint in space relative to another point, independent of the distance between the two points

s and

1) To be published.
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3.7

human-centred design

user-centred design

design approach that is characterized by the active involvement of users, a clear understanding of user and
task requirements, an appropriate allocation of function between users and technology, iterations of design
solutions, and multi-disciplinary design

NOTE 1 See ISO 13407:1999, 5.1, for its principles.

NOTE 2  Usability engineering is often used as a substitute for human-centred design. But, applying usability
engineering methods does not necessarily prescribe the active user involvement that is the essence of human-centred
design. In addition, usability engineering often over-emphasizes the role of evaluation methods. Human-centred design,
on thg other hand, refers 10 the process of analyZzing Coniext of use, eliciing user requirements, prpducing design
solutiopns and evaluating the design against the requirements — all in an iterative fashion.

3.8
clockwise, adv, adj
right-hand rotation
direction of a rotary movement of a target object to the right when viewed in direetion X

3.9
anticlfckwise GB, adv, adj

counfer-clockwise US, adv, adj
left-hand rotation
direction opposite to clockwise (3.8) (right-hand) rotation

3.10
observer
real gr hypothetical person who views a target object from outside or inside of it when dgtermining the
direction or movement of a target object (3.14)

3.1
user
indiviqual interacting with the system

[1ISO 13407]

3.12
operator
persoh given the task~of~installing, operating, adjusting, maintaining, cleaning, repairing of transporting
machinery or a system

NOTE Within<the context of this International Standard, the tasks performed concern the control df equipment or
devicep.

3.13

referdnce plane

one of three perpendicular planes passing through the centre point of a target object (3.15) which, in each
case, contains two axes of the target object

NOTE The planes that contain longitudinal axis X and transverse axis Y, longitudinal axis X and normal axis Z, and
transverse axis Y and normal axis Z are called the basic plane, Pxy, longitudinal plane, Pxz, and transverse plane, Pyz,
respectively.

3.14
spatial orientation
direction-related inherent property of a target object (3.15)

NOTE Spatial orientation of a target object is characterized by pairs such as front-behind, right-left or up-down.

© 1SO 2008 — Al rights reserved 3
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3.15
target object

object (including images) whose spatial orientation (3.14) or movements are to be defined, established or

controlled

3.16
usability

extent to which a product can be used by specified users to achieve specified goals with effectiveness,

efficiency and

satisfaction in a specified context of use

[1SO 9241-11]

NOTE 1 Se

NOTE 2 Fo
activities that in

3.16.1
effectiveness
accuracy and

[ISO 9241-11

NOTE Fo
activities that in

EXAMPLE
3.16.2

efficiency
resources exy

[ISO 9241-11

NOTE Fo
activities that in

EXAMPLE
3.16.3
satisfaction

freedom from

[ISO 9241-11

EXAMPLE

e Annex A.

the purposes of this International Standard, user (3.11) is interchangeable with operator (3.12) fo
volve movement of controls or target objects.

completeness with which users achieve specified goals

the purposes of this International Standard, user (3.11) is interchangeable with operator (3.12) fo
volve movement of controls or target objects.

The percentage of attained goals.

ended in relation to the accuracy and completeness with which users achieve goals

the purposes of this International Standard, user (3.11) is interchangeable with operator (3.12) fo
volve movement of controls or target objects.

The time needed to complete a task.

discomfort and-positive attitudes towards the use of the product

The, frequency of willingness to use.

r those

r those

r those

3.16.4

context of use
users (3.11) or operators (3.12), tasks, equipment (hardware, software, and materials) and the physical and

social environ

ments by, with or in which, a product is used
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3.17

user interface

Ul

man-machine interface

MMI

human-machine interface

HMI

human-system interface

HSI

component of an interactive system (software or hardware) that provides the information and controls
necessary for the user to accomplish specific tasks with the interactive system

NOTE Adapted from [SO 9241-110.

3.18

viewihg direction
assunped direction to which an observer (3.10) looks, when determining the\direction (3.6) of a
target object (3.14)

3.18.

viewihg direction X(E)
viewirlg direction from the front side of a target object (3.15) toward’the centre point (3.2) along the
longitidinal axis (3.1) in the external viewing system (3.19.1)

NOTE See Annex B.

3.18.2
viewihg direction X(I)
viewirl]g direction from the centre point (3.2) of a_target object (3.15) toward the front s|de along the
longitidinal axis (3.1) in the internal viewing system(3.20.2)

NOTE See Annex B.

3.18.3
viewing direction Y
viewing direction along the transverse. axis, Y, to the right

NOTE See Annex B.

3.18.4
viewing direction Z
viewing direction along'the normal axis, Z, below

NOTE See Anpex B.

3.19
viewihg.point
positignof an observer's (3.10) eye

3.20

viewing system

system in which position, posture and viewing direction (3.18) of the observer (3.10) are fixed with
reference to the three axes of the target object (3.15) in order to render possible its spatial orientation
(3.13) and determination of its directions of movement

3.20.1

external viewing system

EVS

viewing system in which the location of the observer (3.10) is assumed to be outside the target object (3.15)

NOTE See Annex B.

© 1SO 2008 — Al rights reserved 5
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3.20.2
internal view
IVS

ing system

viewing system in which the location of the observer (3.10) is assumed to be inside the target object (3.15)

NOTE See Annex B.

4 Design

of spatial orientation and direction of movement

41 General

This clause llelates to direction design: basic ergonomics recommendations for user interfaces((4-2), the
teps for direction design (4.3), individual ergonomics requirements and recommendations for

ergonomics g
human-machi
recommendat

Detailed requ

4.2 Ergon
The ergonom
— anthropo
— cognitive

— physiolog
accuracy

— environm

he interfaces (4.4), and graphical user interface (4.5) and combined contral .(4.6)
ions.

rements for spatial orientation and direction of movements are given in Anhex B.

bmic design of user interface (Ul) with respect to orientation and direction
c design of a Ul includes

metric aspects (e.g. body size, hand reach envelopes, visual field),

aspects (e.g. compatibility of information displays/controls, human error tolerance),

ical capability aspects in information processing (e.g. workload, information processing s
, and

ental aspects (e.g. illumination, colour; noise).

Ul design sh:tuld be human-centred. Since_the design of orientation and direction of movement of a

object is a cr
understand &
characteristic

cial component of Ul designs:the displays and controls and their relationship should be e
nd use. The Ul should\be designed taking into account safety, usability and K
5 (sensing, sensitive intention, perception, human communication, etc.).

Human-centrgd design features.thefollowing essential conditions (see ISO 13407 and Annex C):

a) a clear

nderstanding Jof’ the requirements/constraints of the user/operator and the task in qu

through the user's/opérator's active involvement;

b) an appropriaterallocation of function between the user/operator and the machine for the accomplis
of the task;

esign

peed,

target
asy to
uman

lestion

nment

c) frequent review of the design based on feedback from the user/operator;

d) collaboration among team members throughout the process.

4.3 Steps in direction design

Major goals of direction design are to ensure safety, efficiency, ease of use and comfort. The designer's first
undertaking is to clarify the main goals of the direction design of the controls/displays within systems design.
Safety should be given a high priority, among multiple goals, in the design. Direction of movement design is
accomplished through specifying the task in question, determining the user(s)/operator(s) and determining the
relative priorities of safety, efficiency, ease of use and comfort.

Direction of movement design includes the following steps.

© 1SO 2008 — All rights reserved
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a) Define the task and function.

b) Specify the user/operator in accordance with ISO 13407.

c) Specify the task in terms of

1) the movements/displays of the target object and controls to perform the task,

2) relative priorities in conducting the task (safety, efficiency, ease of use or comfort),

3) user's/operator's working posture in performing the task,

503:2008(E)

d) D

4.4

4.41

When
the t4
taking
metag

NOTE
(see R
when

formed.

When
consi

work space where the task is performed,

the flow of information for conducting the task, and

environmental factors (e.g. ambient illumination, necessity of protective clothes).
efine movements/displays of the target object and location of the controls:

Specify an area as a specific layered zone, corresponding to the*view area and the f]
priority of the controls used within the area, in accordance with’ISO 9355-2:1999, Figurg

Specify the location of the displays and controls, aceording to priority of function i
accordance with 1ISO 9355-2:1999, 4.1 and ISO 9355-4;,4.3.

Specify the arrangement of the displays and thexcontrols in accordance with ISO 9355-4
Design requirements/recommendations for human-machine interface (HMI)

General

rget object considering ergonomic design principles in accordance with ISO 6385:2004
into account the population stereotype. In case a stereotype does not exist, either the me
hor may be taken into account.

“Population steréotype” is a natural human sense with respect to the directions of movement
eference [6]). For example, drivers expect that a car will turn right if they turn the steering wheel f
earning how to drive they are trained to use the brake as a knee-jerk reaction — which is how

tencyi>The following is also recommended.

a)

requency and
s 1 and 2.

h the task, in

1, 4.4.

designing an HMI, designers shallkdetermine the operating directions of the controls and movements of

, 3.6.5, while
tntal model or

and operations
b the right, and
tereotypes are

arranging’ two or more displays units and controls, attention shall be paid to the¢ir directional

iepln\/e and controls should function in a manner to reduce the prnhahilify of human errors.

b) Displays should be selected, designed and laid out in a manner compatible with the characteristics of
human perception and the task to be performed.

c) Controls should be selected, designed and laid out in such a way as to be compatible with the
characteristics (particularly of movement) of that part of the body by which they are to be operated and
the task to be performed. Skill, accuracy, speed and strength and dexterity requirements should be taken
into account.

d) Controls should be selected and arranged, where possible, within the constraints of the space available to
suit the target population stereotype, sequence and movement of controls.

© 1SO 2008 — All rights reserved
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e)

and its spatial representation.

f)

Controls should be selected and laid out in a manner compatible with the dynamics of the control process

Controls should be close enough to facilitate correct operation where they are to be operated

simultaneously or in quick succession. However, they should not be so close as to create a risk of
inadvertent operation.

Figure 1 shows the framework of a direct boundary formed functionally and morphologically between the

user/operator

and real-world target objects.

Reat-worfd

User/operator target object

Interface

Figure 1 — Conceptual model of human-machine interface

4.4.2 Operdting directions of controls

4421

When design
intended mov

EXAMPLE 1
EXAMPLE 2

However, in s
different solut

EXAMPLE 3
4.4.2.2
In order to ad

the target objs
same directio

4423

When technid

Coprdination between operation and movement

ng a display/control interface, the operating direction ‘of-controls shall be compatible w
ement of the target object.

The linear movement of a target object to the right carresponds to pushing a lever to the right.
The clockwise rotary movement of a target object results from turning a hand-wheel clockwise.

ome cases, stereotypes of the user/aperator population contradict this natural relationsh
ons may be required.

Movement of a small boat's tiller\is opposite to the direction in which the boat turns in response.

Coprdination between similar controls

hieve the same or_similar movements or changes among target objects, regardless of w
pcts are of similanor different types, controls of the same or similar types shall be operated
.

Coordination with different controls

al”reasons demand that different target objects undergo the same movement or change

th the

p and

hether
in the

using

different cont

1 41 4 £ o | () T L : 41 4 4 ot 4 1
UIS, UTC TTTOVECITICTIS U U1 CUTTUTUIS  Aallu Uic TSSUIUTTY UIaltycs 1T U1 tdifycl UDJeULS Sl

all be

compatible with the series of pair concepts given in Table 1 and consistent within each column, Group A or B.
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Table 1 — Pairs of terms for the coordination between controls and the target object

Group A Group B
Left, port Right, starboard
Below Above
Down Up
Position | pottom Top
Behind: EVS on side turned from observer | Front EVS on side turned to observer
IVS in the stern; at end IVS in the bow; at the nose
Erd Beginming
To the left To the right
Downward Upward
_ _ Towards the user/operator Away from the user/opgrator
I::]ff;::nzf Anticlockwise rotation Clockwise rotation
Backward: EVS  to user's/operator's Forward: EVS opposite to user's| operator's
viewing direction viewing direction
IVS opposite to user/operator's IS to user's/operatoris viewing
viewing direction direction
Dark Light
Cold Warm
Soft, quiet Loud
Slow Fast
Condition Minus (=) Plus (+)
Decelerate (brake) Accelerate
To reduce effects (e.g. brightness, speed, power, | To increase effects (e.g. brightness, gpeed, power,
pressure, temperature, voltage, current, pressure, temperature, voltage, current, frequency,
frequency, luminous intensity) luminous intensity)
To switch off To switch on
To open an electricicircuit To close an electric circuit
To put out of service To put into service
To stop To start, to go
To release To fasten, to engage
Abtion Tolclose a valve To open a valve
To extinguish To ignite
To empty To fill
To pull TO push, 10 depress
To uninstall To install
To download To upload
To scroll down To scroll up

© 1SO 2008 — All rights reserved
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4424 Ch

ange of controls

Even when the operating direction of the conventional controls is not compatible with the requirements of
4.4.2.2 and 4.4.2.3, designers shall not reverse the conventional operating direction in order to meet the
requirement; instead, the mode of the controls shall be changed to ensure the essential safety as follows.

a) If the clockwise rotation of the hand-wheel results in the anticlockwise movement of a machine part, the
anticlockwise rotation of the hand-wheel shall not subsequently cause an anticlockwise movement of the
machine part. The hand-wheel may be replaced by a lever or push buttons whose control movements

meet the

requirements of 4.4.2.1 and 4.4.2.2.

b) If the lifting of a lever in a motor vehicle causes the left flashing indicator to light, lowering the leve

shall

not caus
replaced
442.2.

c) Ifalever

hand-wheel clockwise, or by operating the right-hand button of two corresponding push buttons.

4425 Markings

The controls
are generally

4.4.3 Move

The relation
follows.

a) Direction

—  switd
OFF

—  switd
for G

b) Direction
— cont

NOTE
For exam
rotated in

b the left indicator to light at any future point. However, the lever may be set at right ang
by push buttons or a rotating control element in order to meet the requirements of 4.4.2

cannot be used, linear movement of the target object to the right shall be achieved by tur]

shall have markings, such as clear symbols or characters: symbals are preferable becaus
easier to understand.

ment of target object and operating direction of controls

etween the target object movement and operating direction of controls shall be determir

bf movement of linear controls (see ISO 9355-4):
hes and levers on a vertical panelare directed upward for ON/increase and downwdg
decrease;

N/increase and backward (toward the user/operator) for OFF/decrease.

of rotary movement 6f;controls:

ols are turned.clockwise for ON/increase and anticlockwise for OFF/decrease.

Nevertheléss, the stereotype can contradict this because of the mechanical design used for the
ble, flow-control valves are typically rotated anticlockwise to increase the flow due to the fact that
he reverse direction, they screw in to shut off the flow.

4.4.4 Directiomoftargetobjectmovementandoperating directiomandiocationof controls——

les or
1 and

hing a

o they

ed as

rd for

hes and levers on a lateral (herizontal) panel are directed forward (away from the user/opérator)

ontrol.
when

4441 Target object moves in same direction as controls

When the target object moves linearly, the controls should move linearly.

When the target object rotates, the controls should rotate.

However, if stereotypes indicate a direction of movement contrary to the natural direction specified above,
consider tilting the control surface up or down to compensate.

EXAMPLE

10

If a lever control moves backwards for moving the target object forwards, tilt the control surface down so
that the backwards movement of the control is toward the upward direction at the same time.
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44.4.2 Target moves linearly and controls rotate

When the target object moves linearly and the controls rotate, the controls should be placed below or on the
right of an indicator, if any, showing the movement of the target object.

4443 Target rotates and controls move linearly

When the target object rotates and the controls move linearly, unless the target object is hidden behind the
controls during operation, the controls should be placed below or on the right of any indicator, showing the

movement of the target object.

444,

When

(! Biomechanical forces

a user/operator is inside a moving target object, biomechanical forces can affect\the frecommended

locatign and direction of movement of controls. In such cases, biomechanical force™ effeqts should be
considered, which could result in a design that differs from that specified in this International Stanpdard.
EXAMPLE In a railway operation, the dynamic acceleration effect on the operator's whole body [induced by an
operat|onal action might cause unintended effects on subsequent operations due to upnatural working postire.

4.4.5 | Arrangement of two or more displays and controls

In cages when two or more displays or controls are arranged side )by side and required to be positioned in a
certain sequence, they should be arranged as described in 1SO9355-4:—, 4.4.1.5. However, it iis important to
consider the direction of movement of both displays and\controls when arranging thenj, taking into
consideration their functional relationships.

4.5 |Design recommendations for graphical yuser interfaces (GUI)

4.5.1 | General

The fgllowing subclauses provide design-recommendations related to direction-setting in a situation in which a
user/qperator interacts with a target object in the virtual or real world via a GUI, which typicdlly includes a
graph|c display, pointing device and‘keyboard, employing information and communications technology (ICT).
It doep not cover situations in which the user/operator directly (or sometimes remotely) interacis with a real-
world pbject mainly via physical manipulation devices.

4.5.2 | Direct control interaction with virtual objects and indirect control interaction with real-world
objects

It needs to be noted that the distinction between a), b) and c), as follows, might not always
exam
world
or testing~can provide interaction as a virtual target object of type a). Electronic documents

undergtood as being virtual objects that provide interaction of type a), but for user's/opgrators highly

ble, the user/operator interacting with a driving simulator intended for driving practice coul
car as.specified in type b) or even c) in mind, while a driving simulator intended for use in

be clear. For
1 have a real-
development
are generally

experienced in environments in which high-precision display equipment and high-speed printers can be used,
they could be taken as type b) or even type c) interaction tools, through which it is possible to work with an
image of real-world paper documents in mind.

a)

Direct interaction with a virtual target object

The user/operator directly interacts with, and controls, a virtual object implemented throug

h ICT. Virtual

objects may include purely logical or abstract control objects that do not correspond to real-world target

objects. See Figure 2.
EXAMPLE 1

Viewing objects in a virtual museum using a virtual reality modelling language (VRML) viewer.

EXAMPLE 2 Searching/exploring/navigating in a huge information space (such as a large-scale website).

EXAMPLE 3 Operating a driving or flight simulator.

© 1SO 2008 — All rights reserved
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User/operator - ‘ - V|rtua_l target
‘ object

Interface

Figure 2 — Conceptual representation of direct control interaction with virtual target object

b) Indirect control interaction for real-world objects

The usef/operator interacts with a displayed representation of a real-world target object via IET.

Figure 3.
EXAMPLHE 1 The shutdown of a computer using a dialogue box on the display screen.

EXAMPLE 2 A web monitoring camera in which the viewing directions can be changed up, dewn, left or right
software gontrols such as knobs and sliders of the form within the web page.

- ‘ _| Virtual target | Real-world target

User/operator - ‘ object < > object
Interface Mapping'via ICT

Figure 3 — Conceptual representation of indirect interaction with real-world target object

c) Direct interaction with real-world target object using information from virtual target object

See

using

The uselfoperator directly interacts with, and.controls, a real-world target object using the information

from the Virtual target object generated in aldisplay space via ICT. See Figure 4.

EXAMPLHE 1 Surgery performed by a-surgeon looking at the display of a diseased organ via visua
technology such as an endoscope or an ‘ultrasonic computed tomography (CT).

EXAMPLE 2 Driving an automebile/in reverse while looking at a rear-view camera or a monitor.

Virtual target
object

Mapping via ICT

\

» Real-world target
= object

ser/operator

Interface

ization

Figure 4 — Conceptual representation of direct interaction with a real-world target object using

information from virtual target object
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4.5.3 Dialogue principles

For the application of dialogue principles in design, ISO 9241-110 shall be consulted.

4.5.4 Design of virtual target object

4541

General

503:2008(E)

The following subclauses (4.5.4.2 to 4.5.4.10) give recommendations that are specific to orientation and
direction design where the user/operator engages in interaction with a virtual target object in a GUI type
environment. Most of these recommendations apply to the three interaction types described in 4.5.2, but

where

4.54.2

Mapp

NOTE

NOTE

are u
guide

45438

Presehtation of environmental or surrounding information should be compatible with the us
recogpition. Such information should be considered in the design of virtual object space to

WherE purely logical or virtual target objects lacking corresponding or comparable real-world

a provision applies only 10 one or these types, IU IS SO Indicated.

Correlation of a virtual target object to a real-world target object

situation awareness.

ed, such as complex numbers and negative resistance, supporting means such as o
tours should be made available to help the userloperator manipulate such objects without

Presentation of environmental information

ng of real-world target objects into virtual target objects should directly correspond to the information
necessary to perform the task.

It is desirable that virtual objects be made to resemble, or to be analogoUs to, real-world objects, in aspects
such gs their appearance and functions, from the perspective of making use ofthe user's/operator's e
raising

periences and

Making a virtual target object similar or analogous to a familiarreal-world target object is also important for the
same feasons, even for those cases where there is no corresponding real-world target object.

farget objects
n-line help or
difficulty.

pr's/operator's
enhance the

user'sfoperator's situation awareness.and to support his or her situation judgment and decision making.
4544 Reduced dimensionality
The djsplay space (display screen) through which the user/operator interacts with the virtual ta

typica
two-dimensional space’ using some projection techniques, loss of some information is una
follow|ng is recommended in order to prevent or limit negative consequences of such loss of info

ly a two-dimensional space. When a real-world three-dimensional object space is presern

rget object is
ted in such a
oidable. The
‘mation.

fudinal axis in

a) The axisithat has the smallest effects on the task performance should be used as the longi
the projected space.

b) If all three axes are of equal importance in performing the task, spafial correspondence 1o
control may be sacrificed and an abstract or idealized virtual space should be considered.

c) If insufficiency of depth perception arises (even if three-dimensional display technology
countermeasures should be taken to cover such insufficiency.

4.54.5 Display capacity

he real-world

is available),

The amount of information that can be presented by a display screen used as a virtual object space is
insufficient for expressing a real-world object space with sufficient fidelity. Relative to this, the following is
recommended in the design of a virtual object space.

© 1SO 2008 — All rights reserved
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a)

Where the amount of information that has to be displayed is far greater than the display device capacity,

software techniques such as fine-coarse display, fish-eye display, bird's eye views and display scrolling
should be used — but only to the extent that they do not introduce unacceptably large distortions in the

display of

b)

the information, thus affecting the task performance.

information necessary to carrying out the task is preserved.

NOTE 1

sometimes making the periphery opaque

NOTE 2
user/operator,

NOTE3 Ab

4546 Pe
Display devic
Olfactory and
cannot be g¢g
design of a vi

If sufficie
vibration,

a)

b) The use g

z

q

4.54.7 Fr

When a virtugl object space (display screen) is placed‘and viewed within the user's/operator's field of

the display fr.
viewed objec|
direction can
should be tak
cause uninter

which the objgct space is intended.

45438

In accordanc
manipulating
and the latte

Manipulation of an object and viewing point

Abstraction and idealization of information should be used to the extent that the real-world object space

A fine-coarse display is a technique which shows a specific area of concern, in a map for example, in detail,

A fish-eye display is, like a picture taken using a fish-eye lens, used to show a wide area around the

vith the focal area shown in detail and the periphery roughly.

ird's eye view is a three-dimensional scene, looked down on as if from altitude and coveringa'wide 4

rceptual modality

other perceptual information (surrounding information), including sm€lls, vibration and
nerally conveyed to the user/operator. Relative to this, the following is recommended
tual object space.

nt display capacity is available, presentation of environmental information such as odod
utilizing appropriate information visualization techniques, should be considered.

f haptic and tactile devices to convey surrounding information should be considered.

me of reference

bme and its surrounding environment-should serve as a frame of reference through whi
| is recognized. The movement of ;an object or several objects in the display frame i
nduce the perception of movementof the display frame or viewer in the opposite direction
en in the design of the virtualtarget object space such that the frame of reference do
ded effects of motion perception or motion sickness that adversely affect task performan

b with the needs’ of the task, functions for manipulating the target object and/or functio
the viewing\point should be provided: the former corresponds to IVS (internal viewing sy

employing th

se functions should be easily distinguishable, especially where both functions are provid

rea.

bs used as virtual object space are usually limited to conveying visual ahd auditory information.

tilting,
in the

r and

Vision,
ch the
n one
Care
bs not
ce for

ns for
stem)

( to EVS\(external viewing system) in the case of real-world target objects. The means of

ed, in

forward, it should be distinguishable to the user/operator.

4549 Dir

ection of notation in logical or abstract quantities [4.5.2 type c) interface]

While this International Standard deals with spatial orientation and direction of movement, this subclause
provides recommendations for displaying direction of logical or abstract quantities within the relation to
direction of control. It is concerned with the direction of notation of additive quantities, sequential quantities,
hierarchy structures, time and relations between the directions of displays and controls. Descriptions of the
horizontal orientation are related to the orientation in which the language used is written. Only languages that
are written from left to right are considered.
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a) Additive quantities

Additive quantities (e.g. mass, length, numbers of items and prices) are also referred to simply as
quantities or values on the interval scale. Summation or subtraction between their values makes sense.

Additive quantities from lesser to greater should be displayed as follows:
— from left to right where a horizontal orientation is used;

— from bottom to top where a vertical orientation is used;

claclasica tobion s ara o totiamnal Ariantati s 1o oA
TeTCTa Totatorar OreT tatoTT 10" OoT U

Z

OTE The category of additive quantities includes conceptual or abstract quantities such(as-complex numbers

apd negative resistance.
EXAMPLE
(1) Horizontal (2) Vertical (3) Rotational
10 20 30 300 1
200 2
100 3
4

b) Sequential quantities

w

equential quantities [e.g. months (Januaty, February ...), forms (1st form, 2nd form . )] are also
r¢ferred-to values on the ordinal scale.~These quantities have their rank in an order of precedence and
bn be placed sequentially in that order:

[¢]

w

equential quantities should be displayed in the following order of precedence:

—_

from left to right where a horizontal orientation is used;

N

from top to bottom-where a vertical orientation is used;

3) clockwise rotation where a rotational orientation is used.

EXAMPLE
(1) Horizontal (2) Vertical (3) Rotational
4st—2nrd—3rd st st
2nd 2nd
3rd 3rd
4th 4th

NOTE 1 The real-word physical arrangement of the information (e.g. building floors) could require the order of
display of the information (e.g. elevator display) to be in the same order as the physical order.

NOTE 2 It is important to maintain consistency in the use of sequencing in an application domain.
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NOTE 3 The sequencing strategy of elements can differ depending on customs, preferences, etc. For example,
school forms may be sequenced as “1st form”, “2nd form” and “3rd form” and the transmission gears of an
automobile as “Low”, “2nd”, “3rd” and “Top”, or vice versa.

NOTE 4 Where not only a display, but also a control (in this case, the operation of selection), is incorporated,
relative distances from the initial or starting point of the choice action become involved, and it is appropriate to place
items higher in the ordering scheme closer to the starting point.

c) Dynamic value displays
If the information is displayed dynamically (for a given point in time) in a single window, in order to

increase the value the control should indicate “up” (e.g. upward arrow) to increase and “down” (e.g.
downwargarrow) to decrease.

NOTE In cases where the direction of change is important, it is useful to show direction of movemeéntin addition
to the valde (e.g. a directional arrow).

d) Hierarchigal structures (tree structure)

A hierardhical structure expressed in the shape of a tree should take the top level-as the highest part of
the reprgsentation, and parts of lower levels should be placed at lower portions of the representation.
When eléments on the same level stand in an ordered relation to each ather, their placement should
conform |to the recommendation in b), above, concerning the horizdntal orientation of sequential
quantities.

e) Time

When time is displayed (in a virtual target object space), it isidesirable to display it following the principles
described in b), above, for sequential quantities, as a set-gf quantities standing in relations of precedence
(earlier and later) to each other. In time series graphs and process charts, it is generally desirable tp take
the horizontal for the time axis and to place events that happened earlier to the left of events that
happened later. See Figure 5 for an example.

a) Time series

4—‘-. Inpnf —hu Process h-_ Ollflnllf h-

b) Process chart/flow chart

Figure 5 — Direction of notation — Examples of time display
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The relationship between the direction of movement of displayed objects and the movement of associated
controls should be as given in Table 2.

Table 2 — Recommended relations between direction of displayed objects and control movements

Display direction
Control Horizontal Vertical Rotational
direction Quantities
Additive Sequential Additive Sequential Additive Sequential
Horizgntal i i
Recommended Conditionally Acceptable Conditionally Acceptable Not acceptable
recommended acceptable
—t—
Horizgntal i i
Not acceptable Conditionally Not acceptable Conditionally Not acceptable | Not acceptable
recommended acceptable
Vettical
\ i, i, i,
Acceptable Conditionally Recommended Conditionally Not acceptable Conditionally
acceptable reconimended acceptable
Vettical
Not acceptable Conditionally Not acceptable | Recommended Acceptable Acceptable
acceptable
|
Rotgtional
7 Acceptable Conditionally Not acceptable Conditionally Recommended | Recommended
\; acceptahble acceptable
Rolational Conditionall Conditionall Conditionall
- Not acceptable onditionally onditionally Not acceptable | Not acceptable onditionally
\ acceptable acceptable recommended
In “Conditionally acceptable’~“and “Conditionally recommended”, conditionally means that inconsistency between the
arrangement directionof, @’ displayed element and the direction of control is dissolved in the user's/opgrator's mental
procegs or because ¢f.a‘feal physical relationship.
4.6 [Design recommendations for combined control systems
4.6.1 General

Systems that simultaneously control more than one movement in modern industrial equipment, such as
combined arm-boom-bucket operation and turn operation by hydraulic excavators in construction work, are
collectively called combined control systems.

Employment of a combined control system can improve the quality and efficiency of machines equipped with
moving and working functions; examples of this are common among earth-moving and agricultural machinery,
industrial remote manipulators and medical instruments. There are two types of control system:
mono-direction (single-direction simultaneous) and multi-directional.

The following is recommended for the design of combined control systems using both hands and/or both feet
and the direction of the resulting movement of the target object.

© 1SO 2008 — Al rights reserved 17
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Relationships between controls and movements

1) The operating direction of each multi-directional control should correspond to the movement direction

e target object.

2) The overall movement direction of the target object should correspond to the user's/operator's mental

el of the task when he or she operates a combined control system.

3) Relationship consistency shall be maintained throughout the progress of a task.

Posture and muscle load

so tHat the overall load on muscles is within a reasonable range.

a)
of th
mod

b)
1) The
cont
2) Mus
c) Effectso
1) Due
cont
2) Dire
5 Confor
5.1 Applyi
The individua

if judged app
design object

5.2 Evalus

If a product
Standard, the|

specification ¢f the procedure-are’ a matter of negotiation between the involved parties.

18

ol system.

cles should be used economically and specific arm/leg muscles should not be-used inter

skill and experiences

consideration should be given so that acquired skills and experiences will also be useful i
ol units of a similar operating mode.

ttion design should take into account control units of other.related machines.

mance

jng requirements and recommendations

requirements and recommendations given in Clause 4 are evaluated for their applicabilit
icable, implemented, unless theresis:evidence that to do so would cause deviation fro
ves. The checklist given in Annex B.can be used for this purpose.

tion of products

procedure used forévaluating the product shall be specified and documented. The details

user's/operator's basic operating posture should not be unnaturally changed by a corrlnbined

sively

other

y and,
m the

is claimed to have.met the applicable requirements/recommendations in this International

of the

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=4696de5f2aa94f5324327dc6dcaa4686

ISO 1503:2008(E)

Annex A
(informative)

Constituent factors of usability

Usability is composed of goal of use, context of use and result of use in regard to product use, as shown in
Figure A.1 (see also ISO 9241-11).

User/Operator (e[|} ----- Intended outcome - - - - - - - > Goals

Task

Usability
Equipment
) Effectiveness
Environment l«——— Outcome of use ————
Context of use Efficiency
Satisfaction
Product
Usability measures
Figure A.1 — Usability
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Annex B
(normative)

Reference model for spatial orientation and direction of movement

B.1 Viewing systems

B.1.1 Loca‘ion and viewing direction

Location and
determined a
B.2). For the
target object,
in viewing dir
at the centre

ccording to the property of the target object and purpose of observation (seeFigures B
external viewing system (EVS), the location of the observer is assumed to_be in front
with the observer standing/sitting straight up before the target object, looking ‘at the target

point of the target object, with the observer standing/sitting straight\up, looking at the

object from thee centre point to the front side along viewing direction X.

Fection X
Fection Y
Fection Z

Key

1 viewing di
2 viewing di
3 viewing di
4  above

5 front

6 left

20

viewing direction are placed on one of the three axes, and viewing direction X is initially

1 and
of the
object

pction X. For the internal viewing system (IVS), it is assumed that the location of the obsefver is

target

Eigure B.1 — Determination of direction X, ¥ and Z by FVS
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Key

1 frgnt
2 right
3 bgow

B.1.2| Choice of viewing system

Eitherl EVS or IVS shall be adopted according to the characteristics of the target object an
viewirg.

NOTE Adjacent target objects or related parts are frequently assigned to different viewing systems.
motor |vehicle is assigned to the internal*viewing system, while the instruments on its dashboard are &
externgl viewing system.

B.2

B.2.

The

ISO 1503:2008(E)

Viewing direction X Viewing direction Y

Viewing direction Z

Figure B.2 — Determination of directions X, Y and Z by IVS

Concepts of three-dimensional orientation of the target object

1| In-front—-behind pair concept

cpncept@f-the pair, in-front-behind, is based on the following.

d purpose of

For example, a
ssigned to the

observer are

In ‘EVS: the position of all points that lie between the transverse plane, Pyz, and the

considered to lie on the in-front side; the position of all points that lie on the tar side of t

e transverse

plane, Pyz, from the observer are considered to lie on the behind side. See Figure B.3 a) for an example.

In IVS: the position of all points that lie in viewing direction X from the transverse plane, Pyz, are
considered to lie on the in-front side; the points which lie contrary to the viewing direction, X, from the
transverse plane, Pyz, are considered to lie on the behind side. See Figure B.3 b) for an example.

© 1SO 2008 — All rights reserved
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Key
1

2
3

viewing dir
front
behind

B.2.2 Right

The concept ¢

— The posi
X axis in

The posi
X axis in

See Figure B

a) EVS b) IVS

bction X

Figure B.3 — In-front-behind pair concept — Examples

-left pair concept
f the pair, right—left, common to both EVS and IVSyis*based on the following.

ion of all points that lie on the right side of the“longitudinal plane, Pxz, when viewed alo
the Pxz plane are considered to lie on the right side.

ion of all points that lie on the left side of the longitudinal plane, Pxz, when viewed alo
the Pxz plane are considered to lie'on'the left side.

4 for examples.

g the

ng the

22
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a) EVS b) IVS
Key
1 viewing direction X
2 vigwing direction Y
3 left
4 right

Figure B.4 — Right-left concept — Examples

B.2.3] Up—down pair concept

The cpncept of the pair, up—down, common to both EVS and IVS, is based on the following.

|
_|

he position of all points that lie above. the basic plane, Pxy, when viewed along the X or Y axis in the Pxy
plane are considered to lie on the up/above side.

— The position of all points that lie below the basic plane, Pxy, when viewed along the X or Y gxis in the Pxy
plane are considered to lie of the down/below side.

See Fjigure B.5 for examples.

a) EVS b) IVS
Key
1 viewing direction X 3 above
2 viewing direction Z 4  below

Figure B.5 — Above-below concept — Examples
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B.3 Directional concepts for linear movement

B.3.1 Forward-backward pair concept
The concept of the pair, forward—backward, is based on the following.

— For EVS: any movement parallel to the longitudinal axis, X, contrary to viewing direction X is forward
movement; any movement parallel to the longitudinal axis, X, in viewing direction X is backward
movement. See Figure B.6 a).

— For IVS: any movement parallel to the longitudinal axis, X, in viewing direction X is forward movement;
any movement parallel to the longitudinal axis, X, contrary to viewing direction X Is backward moyement.
See Figure B.6 b).

NOTE The tgrm movement in the sense of “direction of movement of control” defines an act by the user/operafor that
causes linear movement, rotary movement, circular movement or screw motion of a control so as tg ‘attain the desired
control effect.

a) EVS b) IVS
Key
1 viewing direction X
2 forward
3 backward

Figure B.6.—Forward-backward pair concept — Examples
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B.3.2 Right-to-left pair concept

The concept of the pair, right-to-left, common to both EVS and IVS, is based on the following.

— Any movement parallel to the transverse axis, Y, contrary to viewing direction Y is movement to the left.
— Any movement parallel to the transverse axis, Y, in viewing direction Y is movement to the right.

See Figure B.7.

a1

Key

1 vigwing direction X
2 vigwing direction Y
3 tolthe right

4 tofthe left

Bigure B.7 — Right-to-left pair concept
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B.3.3 Upward-downward pair concept

The concept of the pair, upward—downward, common to both EVS and IVS, is based on the following.
— Any movement parallel to the normal axis, Z, contrary to viewing direction Z, is upward movement.
— Any movement parallel to the normal axis, Z, in viewing direction Z is downward movement.

See Figure B.8.

Key

1 viewing dirpction X
2 viewing dirgction Z
3 upward

4  downward

Figure B:8.— Upward-downward pair concept

B.4 Directjonal concepts for rotary movement

B.4.1 Viewing direction‘in rotary movement

In determining all rotary movements, it is assumed that the imaginary viewing direction of the obderver,
irrespective of his.or her actual location and viewing direction, coincides with the axis about which the [target
object or its partSrotate.

B.4.2 Rotation about longitudinal axis, X

When seen in viewing direction X, rotation to the right about the longitudinal axis, X, is clockwise; rotation in
the opposite direction is anticlockwise. See Figure B.9.
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Key

1 vigwing direction X
2 above

3 bdlow

4 left

5 right

Q

Clpckwise rotation.
b Adticlockwise rotation.

Figure B.9 — Clockwise and anticlockwise rotation about longitudinal axis, X

B.4.3] Rotation about transverse axis, Y

When|seen in viewing direction Y, rotation to the-right about the transverse axis, Y, is clockwise; [rotation in the
opposite direction is anticlockwise. See Figure'B.10.

2
L
~ rgu%
1 B

Key

1 viewing direction Y
2 user/operator
3 rotation axis

a8  Clockwise rotation.
b Anticlockwise rotation.

Figure B.10 — Clockwise and anticlockwise rotation about transverse axis, Y
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B.4.4 Rotation about normal axis, Z

When seen in viewing direction Z, rotation to the right about the normal axis, Z, is clockwise; rotation in the
opposite direction is anticlockwise. See Figure B.11.

Key
1 viewing direction Z
2 user/operator

3 rotation axis

a8  Clockwise fotation.
b Anticlockw|se rotation.

Figure B.11 — Clockwise and.anticlockwise rotation about the normal axis, Z
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B.5 Directional concept for circular movement

When the observer views along an axis passing through the centre of the circle, circular movements of the
target object in the clockwise direction are called clockwise circular movements; circular movements in the
anticlockwise direction are called anticlockwise circular movements. See Figure B.12 for an example.

Key

1 vig

a (i
b An

Fi

B.6

B.6.1

When
direct

B.6.2

Linea
clocky
anticld

wing direction Z

bckwise circular movement.
ticlockwise circular movement.

jure B.12 — Clockwise and anticlockwise cifrcular movement about normal axis, Z —

Directional concepts of screw.motion

Viewing system for screw.motion

determining the direction of screw motion, IVS is always used regardless of actual locatio
on of the observer.

Direction of/screw motion

movement\in-the viewing direction of the observer, combined with a simultaneous rotation
yise screw’ motion; the linear movement combined with a simultaneous rotation f{
ckwise.screw motion. See Figure B.13 for an example.

Example

n and viewing

to the right is
p the left is

© 1SO 2008 — All rights reserved
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7
1

a) Clockwise screw motion b) Anticlockwise screw motion
Key

1 viewing direction X

Figure B.13 — Screw motion in viewing direction X about longitudinal axis, X — Example
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Annex C
(informative)

Flow of human-centred design activities

The steps for achieving human-centred design are shown in Figure C.1 (see also ISO 13407:1999).

fdemntify reedfor
human-centred
design

Understand, specify
the context of use

/"’\.

System meets
specified functional,
user/operator and organizational
requirements

Specify the
user/operator]
and organizational
requirements

Evaluate designs
against requirements

Produce design
solutions

NOTE Designing ferdirection of movement and spatial orientation involves identification of functional and operational
needs| and the identification of the user's/operator's goals, experience, mental models and stereotypes.

Figure C.1 — Flow of human-centred design activities
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Annex D

Spatial orientation and direction of movement design checklist

Table D.1 presents a checklist of the provisions of this International Standard. When using the checklist,

proceed as fol

lows.

a) Define thg design product to be checked.

b) For each

c) Enter ¢

omments, or list

requiremgnt/recommendation.

references, to

d) Develop g more detailed checklist in the technical area.

e) The “Reg

prove

that

item, check whether the item is applicable or not, and check whether the design-result meets
the corregponding requirement (“shall”) or recommendation (“should”).

product meets the

uirement/Recommendation” column gives the number and title\of the corresponding sub¢lause

of this Ipternational Standard, together with a précis or description “of the relevant provision{s) for
conveniepce of use of the checklist.

Refer to Clause 4 for the exact requirement, recommendation-of‘other provision.

Table D.1 — Design'checklist

Reqy

irement/Recommendation

Applicable?
Y/N

Met?
Y/N

Comments

4.2 Ergonom

taking into a
characteristics|
perception, hu

Human-centre
essential cond

c design of user interface (Ul) with

respect to oriehtation and direction

The human-mpchine interface should be designed

count safety, usability and™ human
(sensing, sensitive~, intention,
Mman communication, etc.):

H design features) the following
tions (see 1ISOA43407 and Annex A):

o

a) clearund
requirem

user's/op

brstanding-of the
bnts/constraints of the user/operator

and the task in question through the

erator's active involvement;

b) appropri

© attocation of furnctionm betweern the

user/operator and the machine for the
accomplishment of the task;

feedback

c) frequent review of the design based on

from the user/operator;

d) collaboration among team members
throughout the process.
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