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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
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In order to apply computer manikins with confidence and trust to equipment design, designers need to know
the accuracy and reliability of these tools. The needed accuracy depends on the purpose of their use. Some
designers need high degrees of accuracy (e.g. quantitative clearance analyses), while others need less (e.g.
training simulations). A method of checking the basic degree of accuracy is given in ISO 15536-1:2005. It is
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2d Oon the comparison between anthropometric data used In creation or the manikin ana the ¢o

iracy and repeatability of computer manikins and their associated applications because ¢

ccurately measure every possible size, shape and working posture that people can exhibit. Thi
further compounded when manikin data or algorithms are changed, requiring additional tests ass|
Ensional accuracy.

ause it is not economically feasible for one organization te test every manikin parameter
Sible test condition, developers and users need to share the'responsibility for assessing comp
iracy. Developers may test manikin system accuracy._for the most common situations, but it

Cific applications, too. Therefore, users need to measure manikin accuracy for their specific

surements taken from the manikin itself. These data and measurements apply to the 'sf

surement postures only, i.e. standing and sitting (see ISO 7250:1996).

ever, computer manikins are used to simulate a wider range of human postures-and" movenm
pment design than standardized postures, and it is essential that designers’know the le
ropometric accuracy also in these conditions. Moreover, problems arise¢when trying to

responding
andardized

ents during

vel of their

assess the

f the many

ropometric and biomechanical parameters used in constructing them. Many specialized tests are required

the users be provided with the means to test the aceuracy and repeatability of manikin syste

developers need to provide computer manikins and simple processes for measuring ang
ikin accuracy.
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Scope

part of ISO 15536 establishes the requirements for the verification of thefunhctions and
bnsions of computer manikins. These requirements concern the documentation of the data 4

 dimensional accuracy.

part of ISO 15536 extends to anthropometric and biomechanical data and to software functi
applied to create computer manikins. Although this documenf.primarily refers to anthropomet
hods, some biomechanical parameters are required to.build and apply computer maniki
efore included.

part of ISO 15536 provides a framework for reporting computer manikin accuracy and hu
. The standard is intended to enable even non-specialist users of the manikin systems to in
orm measurements of each function under (field testing conditions using automated so
ided by developers.

not intended to require developers to perform specific verification and validation of their maniki

Normative references
following referenced _documents are indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the
ment (including any-@mendments).

7250:1996, Basic human body measurements for technological design

15535, ‘General requirements for establishing anthropometric databases

15586-1:2005, Ergonomics — Computer manikins and body templates — Part 1: General reqt

alidation of
mployed to

struct computer manikins and the methods employed to verify and validate their functions with regards to

bns as they
ic data and
ns and are

man-source
ependently
ware tools

N systems.

For dated
referenced

irements
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 15536-1 and the following apply.

3.1

manikin accuracy
manikin accuracy refers to the precision with which a computer manikin system reproduces the size, shape,
posture, angles, movement paths and other geometric characteristics of the individual from whom the
measurements were taken

3.2
developer
company, i

3.3
field-testin
conditions
workstation
laboratory t

3.4

manikin fu
capability o
human bod

3.5

measurem
points loca
distance or

3.6
repeatabili

rlxstitution or individual who develops computer manikin systems

p conditions
n which the user of the manikin system normally works, typically consisting’ of a comp

bols and support personnel are assumed to be unavailable
hction

the computer manikin software system to simulate some charagferistic, activity or condition of
y

nt landmarks
d and placed on the human body’s surface or on<a.computer manikin, used for measureme
displacement

y

extent to which the values of a dimension measured more than once on the same subject are the same

NOTE

3.7

A

completely repeatable function would have a standard deviation of zero.

manikin verification

activity of ¢

3.8

pnfirming that computer manikin functions work as described

manikin validation

activity of m

NOTE

3.9

i

easuring computer manikin accuracy

or the-definition of manikin accuracy, see 3.1.

uter

in an office environment, and where highly specialized anthropometric”_and biomechanical

the

nt of

digital user documentation
electronic reference material included with the computer manikin system that can be accessed while using the

software
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4 Requirements for computer manikin verification

41 General

The requirements specified in 4.2 to 4.5 are given to enable non-specialist users of a manikin system to
independently measure the accuracy of manikin dimensions and to verify the manikin’s functions under
field-testing conditions using automated software tools provided by manikin system developers.

4.2
Ea

doc

4.3
Ad
digi
con

4.4
Ead

doc
use

4.5

The)

ansl;l/ses

Listing of functions

computer manikin function identified as being provided by the developer (e.g. interfergn
) shall be listed in a table labelled “List of functions”. The list shall be accessible fron the
imentation.

Description of functions
pscription of each computer manikin function, listed in the “List of functions”table, shall be pro|

al user documentation. The description shall include the function’s intended purpose an
Hitions of appropriate use.

Verification of functions — Examples supplied by developers
h computer manikin function listed in the “List of functions” table shall be accompanied in the

Iimentation by at least one example illustrating and sjmulating its operation. The example
s to input representative values and observe corresponding output performance.

Verification of functions — Enabling manikin system user to record/report peri

user of the system shall be provided with a means to electronically record and report the per

ce or reach
digital user

vided in the
d boundary

digital user
shall permit

formance

ormance of

each function, as defined in 4.3, in a standard.digital format suitable for output to standard printing devices. A
means shall be provided for automatically-generating a report each time a function is tested. The|report shall
incllide the values input by the user and the function’s output performance.

5 |Requirements for documenting source data

5.1| Listing of parameters

Each computer manikin function that employs measurements of human characteristics shall |identify the
parameter's namé and units of measurement. Each parameter shall be listed by name in a taple labelled

“Lis

5.2

of humaf data parameters” and be accessible from the digital user documentation.

Parameter description

Each data parameter listed in the “List of human data parameters” table shall be accompanied in the user
documentation by a description of its statistical characteristics and method of measurement. The
nomenclature, landmarks and measurement methods of ISO 7250 shall be employed, where appropriate.

The statistical description of each parameter in the human data set shall include its source, sample size,
minimum and maximum values, mean, mode, standard deviation, and 1st, 5th, 50th  95th 9oth percentile
values; if information is not available, this shall be stated explicitly. If the data parameter is from a publicly
available data set, the source publication shall be referenced.
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5.3 Sampling method

Each data parameter listed in the “List of human data parameters” table shall describe the methods employed
to sample (select) individuals from the subject population for measurement; if the information is not available,
this shall be stated explicitly.

5.4 Sample demographics

Each data parameter listed in the “List of human data parameters” table shall identify the sex and age of the
individuals measured in accordance with 1ISO 15535; if the information is not available, this shall be stated

parameters

6 Requ

6.1

Automated

accuracy and repeatability by users under field-testing conditions.

In order for|
developer g
its requiren
user can te

This docum

Gengral requirements

T ooTTpPTtroT;

they shall also be listed.

rements for computer manikin validation

software tools shall be provided to support the measurement and reporting of manikin sys

a specific manikin function or characteristic to be in compliance with this part of ISO 15536,
hall have provided methods for manikin measurement and data“documentation in accordance
ents. Compliance does not ensure the accuracy of any spécific manikin, but only indicates tha
5t manikin accuracy.

due to the

tested to satisfy all users and their diverse applications.

6.1.1

Landmarks
accordance
surfaces wi

6.1.2 Adding new measurementjandmarks

A means S
purpose of
functional ¢

6.1.3 List

Medsurement landmarks

ent takes no position on which measures or measurement conditions are preferred for valida
xtremely large number of manikins, sizes, shapes, postures and conditions that would need t

and reference planes necessary) in order to perform the human body measurement

h provisions to toggle them,en:or off.

hall be provided“to' add new measurement landmarks to manikin structural elements for
making automiated manikin measurements. Each user-created landmark shall have the s
haracteristies as the landmarks specified in 6.1.1.

ng of Jandmarks

odel

tem

the
with
the

ion,
b be

N

5 in

with ISO 7250:1996, Clause 4, shall be placed on each computer manikin or appropriate planar

the
hme

Each meas|

uréement landmark provided in or added to the manikin system shall be listed in a table labg

lled

“List of measurement landmarks” and shall be accessible from the digital user documentation.

6.1.4 Measurement reporting

All computer manikin parameters listed in the “List of human data parameters” table shall be provided with a
means for automatically measuring and reporting their accuracy. If a means for the automatic measurement of
dimension values is not provided, this shall be stated explicitly.
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6.1.5 Manikin accuracy

The user shall be provided with a means to calculate the accuracy of each parameter. The manikin accuracy
is calculated as the difference between the input and output values for a particular manikin dimension in terms
of difference and percent error (see ISO 15536-1:2005, 6.4). Input values are measured from landmarks
placed on an actual person, while output values are measured from corresponding landmarks (see 6.1.1) on
the manikin which were created to represent the person whose measurements were used as the input. Input
values should be based on the average of at least three measurements.

Difference errors, ey, is expressed as the difference between the input and output values:

edit = Vout = Vin

whdre
Vout is the output value;
Vin is the input value.

The| percentage error, ¢,, is expressed as a percentage of the input value, in accorfance with
ISO[15536-1:2005, 6.4:

ep _ VOUt _Vin %100
in

6.1.6 Repeatability

Theluser shall be provided with a means to calculate-the repeatability of each parameter.
A recommended metric of repeatability is ¢he standard deviation of a function’s output values when
calqulations are repeatedly performed with.a small sample size such as 10. For example, the measurement of

a parameter from a single individual would'be input to a function ten times and the resulting outppt would be
obsgerved for variability.

6.1.f Field-test condition measurement support

Annexes A and B are provided to help users make independent measurements of manikin aqcuracy and
repgatability under field<testing conditions relevant to their specific equipment-design applications.

6.2| Static functions

A general approach, recommended for validation testing of dimensional and angle measurements for static
fungtions;.is\provided in Annex B.

6.2.h atati fing of ikin di .

The capabilities described in 6.2.1.1 to 6.2.1.4 shall be provided to support the user's need to validate
application-specific manikin features in the field.

6.2.1.1 Linear measurements

A means shall be provided to make horizontal and vertical distance measurements and shortest-distance
measurements between any of the landmarks specified in 6.1.1 and 6.1.2.

© 1SO 2007 — All rights reserved 5
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6.2.1.2

Angular measurements

A means shall be provided for users to perform angular range-of-motion measurements for each angular
parameter for each manikin joint. Flexion, extension and torsion angles shall reference each measurement to
the axis of the adjacent body link. A recommended framework for describing angular characteristics of body

segments a

6.2.1.3

nd joint movements is described in Annex A.

Reach functions

Manikins having a reach" functlon shaII descrlbe the type of reach (e.q. maX|mum) and prowde a means of

measuring
input data

effort-depe
dimensions

6.21.4 A
An automa
measured

6.2.1.2 and

6.2.2 Clof

Computer 1
breathing a
these mani

from subjects performing the same reach actions under the same condltlons In the valldatlo

dent and posture-dependent functions such as reach,
of the manikin and the subject match each other.

it is particularly important~that

\utomated comparisons

ed means shall be provided for comparing each anthropometric and biomechanical param
rom individuals with their corresponding computer-manikin representations in accordance
6.2.1.3.

hing or attached personal protective equipment

nanikins that enable the modelling of clothing or personal. protective equipment such as helni
bparatus or communications gear shall provide a means of.measuring the dimensional accurag
in-object systems.

6.3 Reporting test results

All automat
list each me

bd measurements shall be available for output in a standard electronic file format. The report §
asured parameter and include its calculated percent error, difference error and repeatability.

with
n of
the

eter
with

ets,
y of

hall
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Annex A
(informative)

Recommended nomenclature and definitions of joint movements for
modelling humans

A.1 Introduction
In drder to realise the smooth and reliable data import-export between different computer manmin systems,
and|to create a linkage between observation of the movements of the test persons and movenjents of the
manikin, the same co-ordinate systems and the same definitions of human movements)should befused. They
therefore need to be consistently defined. The nomenclature and definitions{given in A.2 [to A.6 are
recommended for constructing manikins and for measuring data of real humans;for’modelling humans.

More than one term is used to describe the movements and alternative terms are given in parenthgses.

A.2 Basic planes
Thelbasic planes are shown in Figure A.1.
A |Horizontal planes (transverse planes): cross-sectional-planes of the body.

B |Mid-sagittal plane: vertical plane in the anterior-posterior direction that divides a person assuming a
neutral body posture into equal left and right-halves.

C |Frontal planes (coronal planes): vertical planes of the body orthogonal to both horizontal and median
planes.

D |Sagittal planes: planes parallel\to'mid-sagittal plane.

A.3 Basic axes
Thelbasic axes are,shiown in Figure A.1.

Sagjittal horizontal axis (anterior/posterior axis) (X) is directed from back to front of the body (from|posterior to
anterior).

FroTtaI horizontal axis (transverse axis, lateral axis) (Y) is directed laterally from the right to the left|of the body.

Vertical axis (inferior/superior axis) (Z) is directed from down to up (from inferior to superior) of the body when
standing.

Proximal refers to the parts closer to the centre of the body and distal to the parts further away from the mass
centre of the body.

For the definitions of sagittal, frontal, anterior, posterior, inferior, superior, distal, proximal, lateral and medial,
see ISO 7250.

© 1SO 2007 — All rights reserved 7
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i Y
X

Key
A horizontgl plane (transverse plane)
B mid-sagItal plane
C frontal plane
D sagittal glane
X sagittal horizontal axis (anterior/posterior axis)
Y frontal herizontal axis (transverse axis, lateral axis)
Z vertical gxis (inferior/superior axis)
a8  Superion
b Inferior.
¢ Anterior.
d  Posteriof.
¢ Distal.
f Proximal.
9  Lateral.
h Medial.

i Co-ordinate system, indyhich the direction of the arrows indicates positive values.

Figure A.1 — Basic planes and axes of the body

8 © 1SO 2007 — All rights reserved
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A.4 Co-ordinate system

Different CAD systems make use of a variety of co-ordinate systems. It is thus important that the developer of
the computer manikin system specify the co-ordinate system used in the creation of the manikin.

A.5 Basic posture

Basic posture is a standing position with the palms towards front and the head held upright, i.e. in the position
of the Frankfurt plane, see ISO 7250 (and Figures A.2 and A.3). This posture is the starting position for those
pre\. Ulltcd jUII It LLLAAA~iRRA~] ItO, GII\“.‘!I thUII GIIy:UO arc deII IUd do LCI1TJU dUUIUU ;II tth PUOItIUII UI\UUPt fUI the rOtat|Ve
moyements of pronation and supination of the hand (see A.6.4). Basic posture as described hére|is intended
only for defining the movements and angles, not for the appearance of the manikin.

Thelangle unit used should be degrees.

A.§ Angular definitions of joint movements

A.6l1 Flexion and extension
At the basic posture (see Figure A.1), flexion and extension are defitied as movements in a sagittgl plane. For
the jhead, upper body and hip, a movement which closes two adjacent segments towards front i defined as
flexion, and the opposite movement is defined as extension:~At the knee and ankle joints the directions are
invgrted. Flexion is expressed by positive values (+) and extension by negative values (-). See Figpre A.2.
Besjdes this systematic terminology, following terms aré.used:

— |for flexion of the wrist, palmar flexion of the wrist;

— |for extension of the wrist, dorsal flexion((or dorsiflexion) of the wrist;
— |for flexion of the ankle, plantar flexion of the ankle;

— |for extension of the ankle, dorsal flexion (or dorsiflexion) of the ankle.
Differing from the basic system, the horizontal movement of the upper arm at the shoulder joint [from lateral
towards forward (see Figure A.4) is defined as horizontal flexion (+), and the opposite movement as horizontal

extgnsion (-). The same terms apply also for the horizontal movement of the thigh at the hip jpint (e.g. in
seafed position).

© 1SO 2007 — All rights reserved 9
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f neck (forward bending 7 extension of elbow (=)
(+)
h of neck (backward 8 palmar flexion-of wrist (flexion of
of neck) (-) wrist) (+)
plane 9 dorsal flexion of wrist (extension
of wrist (~)
f shoulder (+) 10 flexion of hip (+)
h of shoulder (-) 14~extension of hip (-)
f elbow (+) 12 flexion of knee (+)

drawn to the plus orminus signs between parentheses.

lexion and extension of the trunk are not indicated in this figure.

Figure A.2 — Definition of flexion and extension

13

14

15

16
17

extension of knee (-)

dorsal flexion of ankle (extengion
of ankle) (-)

plantar flexion of ankle (flexion of
ankle) (+)

dorsal flexion of forefoot (-)
plantar flexion of forefoot (+)

Key
1 flexion
of neck)
2 extensio
bending
3 Frankfur]
4 flexion o
5 extensio
6 flexion o
Attention is
NOTE F
10
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.2 Abduction and adduction

Abduction and adduction are movements in a frontal plane. Abduction is a movement in which the segment is
going away from the trunk, while adduction is an approaching motion of the segment towards the trunk.
Adduction is expressed by positive values (+) and abduction by negative values (-). See Figures A.3 and A.4.

Bes

ides this systematic terminology, following terms are used:

for radial abduction of the wrist, radial deviation (or radial flexion) of the wrist;

far radial adduction of the wrict ulnar deviation (nr ulnar flnyinn) of the wrist

Abd

opp
mo

(wh

A.6

In I3
the
inve
Out
Figu

The)
ank
valy

For
Eve
dorg

uction of the foot is lateral outward rotation of the foot around the axis of the lower legc-Addy
psite movement. Abduction is expressed by negative (-) and adduction by positive /(+) V
ement is not only a movement of the ankle joint but also the result of lateral and medial rotatig
bn standing), or of lateral and medial rotation of the knee (when sitting) (see A.6.3):

3 Lateral and medial rotation

teral shoulder rotation or hip rotation the upper arm or the thigh rotates-around its longitudinal
front surface of the segment moves away from the median plang.\In medial rotation the n
rted. Lateral rotation is expressed by a negative value (-) and,medial rotation by a positiv
vard rotation is a synonym for lateral rotation and inward rotation is a synonym for medial r
re A3.

lateral rotation of the foot is used when the whole foet rotates laterally around its longitudina
e joint away from the median plane. The lateral rotation in which the foot turns outward has
e (-), while the medial rotation, in which the foot turns inward, a positive value (+).

the lateral and medial rotation of the foot, the terms eversion and inversion are also used, T

al flexion, adduction and supination.

ction is the
alues. This
n of the hip

axis so that
ovement is
b value (+).
btation. See

axis at the
a negative

espectively.

rsion means a combination of plantar flexion, abduction and pronation, while inversion is a combination of
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o O WN -~

Atte

NOTE

Figure A.3

12

rotation

bf head (and neck) 7 medial rotation of shoulder (+)

lateral flgxion (side-bending) of head (+) 8 lateral rotationvof hip (-)
lateral flgxion (side-bending) of head (-) 9 medial rotation of hip (+)

abduction of shoulder (-)
adduction of shoulder (+)
lateral rdtation of shoulder (-)

ntion is

10 radial deviation (abduction) of wrist (-)
11 ulnar deviation (adduction) of wrist (+)
12 \abduction of hip (-)

drawn to the plus or minusSigns between parentheses.

Llateral flexion of the trunkK is not indicated in this figure.

13
14
15
16
17

— Abduction, adduction, lateral rotation and medial rotation at the basic standing posit

adduction of hip (+)
abduction of foot (-)
adduction of foot (+)
lateral rotation of foo
medial rotation of fod

t(+)

on
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Key|
1 horizontal flexion (+)
2 horizontal extension (=)

Figure A.4 — Horizontal flexion (horizontal adduction) and horizontal extension (horizontal pbduction)
of upper arm at shoulder joint

A.6l4 Pronation and supination

Propation of the hand is, taking the case of the right; hand viewed from the elbow, the anticlockwise
(counter-clockwise) rotation of the hand. Supination is.the opposite movement. At the neutral podition shown
in Fljgure A.5, the degree is zero.

Propation and supination of the foot are twisting®movements of the foot around its longitudinal 3xis, i.e. the
foreffoot in relation to the heel. Pronation means’twisting of the forefoot so that the front or upper surface of the
foot| moves towards the median plane (ipwards). In supination the movement is inverted. For pronation, a
positive value, and for supination, a negative value (-), should be applied.

—

NS
o’

L=

Key

1 neutral position (0 degrees)
2 supination (-)

3 pronation (+)

Figure A.5 — Pronation and supination of the hand
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