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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 Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

In order to size mass-produced clothes, the body size of the intended wearer has to be defined and
identified with the nearest size on a table of sizes. In this garment-related system, the body size is
defined by scales of the appropriate primary dimensions. A good degree of standardization is achieved
by the establishment of open-ended size scales with (fixed or not) intervals in at least the primary
control dimension for each garment type. Where body shape is characterized by two primary girth
dimensions, the firstis placed on fixed scale, while the second (the dependent variable) is not.

The processmg of body measurement data as descrlbed in this document results in the grouping of
i & & EX & tables are

e applicable
hse of waist
rirth.

Distribution of body dimensions can change due to changes over time.“However, it m thht not be
necegssary to update a size table if the products can accommodate thepopulation. As thle results of
the gizing surveys of the different countries vary, the tables in this‘document provide the required

As an application of the methodology, measurement tables,in.conjunction with body shapes, can be
used to produce fit mannequins (known as "dummies").

© ISO 2018 - All rights reserved v
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Scope

document describes the principles of the establishment of tables for body measurems
Categories of tables (related to intervals), and lists the population groups (infants,
ren, women, men) and sub-groups to be used for developing ready-to-wear garment
surement tables and intervals are mainly used by the clothing sector te’'make the dev
fitting products easier and more accurate.

described methodology is mainly based on the application (of statistical analysis,
ension data. The statistical level has deliberately been kept to’a low level in order for th
ade readily comprehensible to the widest possible readership.

methodology is applicable to various sets of body dimensions. It can be useful tg
vals for the size designation as described in ISO 8559-2. Values in the tables in this dg
hples.

hent dimensions are not included in this dogmment.

necessary to use a general approach providing inbuilt flexibility, in order to keep the
bm capable of adapting to changes (exg.demographic criteria), because body shape and

for any one targeted population group-differ significantly.

NOTE

2

The
cons
und{

ISO
ISO

) ISO 15535 can be convenient for recording and organizing the population data.
Normative references

titutes requirements of this document. For dated references, only the edition cited

B559-1, Size designation of clothes — Part 1: Anthropometric definitions for body measure

B559-2, Size designation of clothes — Part 2: Primary and secondary dimension indicators

nts, defines
girls, boys,
5. The body
elopment of

using body
e content to

determine

cument are

vhole sizing
proportions

following documeénts are referred to in the text in such a way that some or all of their content

hpplies. For

ited references;the latest edition of the referenced document (including any amendments) applies.

ment

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 8559-1 and ISO 8559-2 and
the following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

31

IEC Electropedia: available at http://www.electropedia.org/

explanatory variable
input data that is used to calculate simple or multiple linear regression

© ISO 2018 - All rights reserved
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3.2
dependent

variable

input data that is used to calculate simple or multiple linear regression, with explanatory variable(s) (3.1)

3.3
interval

difference between the two adjoining values in a body measurement table

3.4
drop

<men> half difference between chest girth and waist girth, expressed in centimetres, with a negative

value when[the chestissmalier than the waist

4 Principles related to the methodology of the creation of the body

measure

4.1 Gene

In order to
measureme
are to be

3-dimensio

Within the
a populatio
in order to

on a statistical approach of the body dimensions of the population.

The produg
leads to the
measureme

Any regres
and should

Annex A giv

Annex B sh¢ws an example of abedy measurement table content.

Annex D giy

4.2 Seled
methodol

The explang

ent tables

ral

get a garment fitting correctly on a body, it is essential to collect the body dimen
nts. These measurements are useful to design the 2-dimensional garment pattern, w
issembled in garment production. These measurements @re useful also to design
hal garment, such as seamless knitted garments.

[lothing industry, when faced with the need to mass produce clothing articles intended

lesign the appropriate clothing articles. The création of body measurement tables is b

er/retailer strategy, taking into account-its market location, its targeted population
creation of its own body measurement'tables. Nonetheless, whatever the basis of the |
nt tables, their creation is based on the same principles as described in this document.

ion formula calculated for one group of population is specifically applicable to this g
hot automatically be applied to other groups.

es an overview of the clothing industry needs regarding the anthropometric data.

es an overview-ofkey statistical tasks.

tion of the explanatory variables and the dependent variable (statistical
pgy)

tory variable refers to the selected variable input data in the measurement tables. The}

sion
hich
the

to fit

h of varying morphologies, a series of body measursement tables are internally determfined

hsed

etc.
body

Foup

y are

mainly basedomadimension characterizing a body measurenernt (as defimed im1S6-8559-1)orbased

on other body characteristics (e.g. body mass).

Annex C describes statistical models commonly used for the creation of body measurement tables.

The selection of the explanatory variable is based on various criteria:

the two or more selected explanatory variables, representing body dimensions, shall be statistically

independent and perpendicular: one representing the measurement on the vertical axis and the
others that of width or girth (on the horizontal axis);

arobus

sizes is

t correlation does exist between the explanatory and dependent variables;

led by the combination of the chosen dimensions;

based on the given ranges and/or intervals related to the development of clothing, the number of

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=0c0985089cc7533d40f4f8a89fdcaec7

ISO 8559-3:2018(E)

— the values of the measurements are easy to remember by the consumer.

The selection of the explanatory variables shall be carried out through various statistical studies, with
the successive addition of dimensions to the statistical model. This allows the best combination of the
dimensions for the explanatory variables and the dependent variable to be obtained.

It is important to take into consideration the following questions while selecting the explanatory and
dependent variables in order to design and develop clothing that fits as many target consumers as
possible.

a) What are the standard deviations of the dimensions selected as the dependent variable in relation

calactad oc asenla uzariablac2

b)

The
heig

And
infol
vari
dimg
is cd
lead
valu

The
be u
mea

The
depd

5

5.1
The

arith tho Ay nci () +tho natose in
vVILIT LIIC Mllll\allol\lllkd} JUICUCLUCU Ao LIIv \'Alllullu\r\.ll )’ VUAI TAUIC O,

What should be the relation between the standard deviations mentioned in a) and-the
Clothing fitting?

selection of explanatory variable is usually from the few most importahty dimensid
ht, chest girth, waist girth, hip girth.

then multiple regressions lead to calculate a residual standafd) deviation, whig
mation not explained by the combination of explanatory variable®on the prediction o
hble. Lower is the residual standard deviation; more satisfactery is the combination

ensions regarding the prediction of the related dependent vatiable. The residual standai
mparable with the clothing fitting tolerances. The point\is that the residual standar
5 to calculate a difference allowing for a measured value'data, i.e. 95 % of concerned p¢
P are placed in this difference, to be compared with thetolerances.

dependent variable refers to the selected variableinput data in the measurement tab
sed with the explanatory variable. They are mainly based on a dimension characteri
surement (as defined in [SO 8559-1).

concept of the residual standard dewviation, as mentioned in this sub-clause, is suit
ndent variable.

Categories of body measurement tables

"Statistic" tables

creation of the body’measurement tables, according to the principles as described in Cl

to obptaining tableswhich may be qualified as "statistic" tables.

The
suita

tabled dimensions, expressed in centimetres, are generally predicted data, which
ible for.the'clothing development. They are not adapted to the design process for reg

clothing industry (such as pattern creation, design software). In these tables, intervals are ¥

The

content of a body measurement table is based on the explanatory variable, expresse

tolerance of

ns, such as

h provides
[ dependent
pof the main
d deviation
d deviation
bople at this

les that can
zing a body

hble for the

huse 4 leads

cannot be
idy to wear
rariable.

d as a body

dimension (as defined 1n 15U 8559-1) and the series of the predicted dependent variable expressed as a
body dimension (as defined in ISO 8559-1), see example in Annex B.

5.2

"Linearly smoothed" tables

Only processed data in the form of tables are used for the clothing development.

The firstlevel is to linearly smooth the data to be adapted, for example, to the design software [Computer
Assisted Design (CAD)], based on the choice of the value of the step. It means that in these tables, the
interval within a sub-group is even. This action leads to "smoothed" tables (see example in Table 1).
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Table 1 — Example of linear smoothing of data

Sub-group 1 Sub-group 2 Sub-group 3

":It:lr' size #1 | size #2 s;zse size #4 | interval |size #5 s;#z(’e size #7 | interval s;;;e
waist
girth |variable| 50,0 51,5 54,2 56,0 | variable | 58,5 60,5 62,0 variable | 65,0
(cm)

ﬂ after linear smoothing ﬂ ﬂ

waist
girth 2,0 50,0 52,0 54,0 56,0 2,5 58,5 61,0 63,0 3,0 46,0
(cm)

6 Choice of the data

6.1 Gengdral
In general, s mentioned in 4.2, the choice of the two independent explanatery variables is based on:
— as the length data: height, and

— asthe dircumference data: chest/bust girth, or waist girth, orthip girth.

Nonetheles$ the choice of two independent explanatory variables can be different in relation to the fype
of garment.

For examplg, in the case of trousers for men, the choice“of the two-independent data can be insidg leg
length (as l¢ngth data) and waist girth (as circumference data).

6.2 Hompgeneous population: improvement in relation to sub-groups of the population

6.2.1 General

From measprement of a populatidn, several groups can be defined so that each group is relatjvely
homogeneopus in morphology, in(onder to get more accurate and reliably predictable system and enjsure
a better mafch between the bady measurement scales and the clothing fitting.

In order to|get a more homogeneous population, additional statistical calculations are carried ofit to
improve th¢ value of R2,i.e. closer and closer to the value 1.

NOTE1  Alvalue of-R?greater than 0,8 is found to be satisfactory.

NOTE2  Body Mass Index (BMI), which combines the body mass and height (body mass divided by height
squared), is sometimes used to determine a sub-group.

NOTE 3  For infants, children, girls and boys, a sub-group based on “age” leads to too large a variation and
therefore such a sub-group is not sufficiently homogeneous.

Explanatory variables mentioned in the following subclauses are examples of those commonly used
for the creation of body measurement tables. When two explanatory variables are mentioned, the first
variable represents the measure on the vertical axis and the second represents the measure on the
horizontal axis (girth or width).

4 © ISO 2018 - All rights reserved
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6.2.2 “Infants” group

Expl

anatory variables are height and waist girth.

Sleep bag: Explanatory variables are height and head girth.

Sub-group: mass.

6.2.3 “Children” group (girls and boys)

Expl

anatory variables are height and hip girth.

Sub-group: based on morphology (e.g. waist girth, BMI).

6.2.

Exp

6.2.

Exp

6.2.

“Girls” group
natory variables are:
eight and hip girth;

eight and bust girth.
“Boys” group
natory variables are:

eight and waist girth;

eight and chest girth.

“Women” group

To fif the upper body, explanatory variables are height and bust girth.

To fit the lower body, explanatory variables are height, hip girth or waist girth.

For

Sub-

6.2.1

To f

ras, explanatory variables-are:
height and under-bustgirth;
height and bust girth.

sroup: based o’ morphology (e.g. ratio between bust girth, waist girth and hip girth).

f “Men’group

exar

t.the upper body, the usual selected explanatory variables are "height" and "chest

aple in-Annex B).

girth" (see

Especially for shirts, the selected explanatory variables can be "arm length" and "neck girth".

To fit the lower body, the usual selected explanatory variables are "height" and "waist girth".

The “men” sub-groups can be based on body shapes, known as "drop". The following drop values are
commonly used:

a) Drop16to 10

b) Drop8to6

c) Drop4to?2

© ISO 2018 - All rights reserved
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d) DropO0

e) Drop-2to-4

7 Decisions on intervals and ranges

7.1

Intervals

In order to maintain maximum flexibility, it is left up to a company to choose the appropriate intervals.

7.2 Rang

Range is ca

EXAMPLE
4 cm (see Tal

7.3 Examples — Men

e

culated by using one half plus or half minus the interval from the explanatory variable

For a height (as explanatory variable) of 156 cm, the range of 154 to 158 cm leads)to an intery
le 2).

Table 2 — Example of height range

Height 156 A\
Range 154 158
Interval 4

ral of

7.3.1 Explanatory variable based on height
In order to|laccommodate variations in height by company, body measurement tables are commjonly
based on 4 ¢m (example in Table 4) or 8 cm (example'in Table 3) intervals.
Table 3 +— Example for ranges for heights for men with 8 cm intervals with starting point pf
156 cm
Dimensions in centimgetres
Height 156 16;1-\,\) 172 180 188 196 204
Range 152 | 160 | 160 | 168 | 168 | 176 | 176 | 184 | 184 | 192 | 192 | 200 | 200 | pO8
Intervals 8 8 8 8 8 8 8
Table 4 +— Exampledfor ranges for heights for men with 4 cm intervals with starting point pf
156 cm
Dimensions in centimgetres
Height 15 JioG 16411681172 176 1861841188192 1196 12002647208
|11 (111111 |1y j1fr{1r {111 fryrfrj1jy1|2|2|21|2|2
Range|5|5|5|6|6|6|6|7(7 |77 (7788|889 ([9(9(9]9]|9|0|0]O0(0|1
4/8(8|2|12|6|6|010|4)14|8|8|2|2|6|6[/0]0({4(4]8|8|2|2|6]6]|0
Inter-| 4 4 | 4| 4 4 4 4 4 | 4| 4 4 4 | 4
vals

7.3.2 Explanatory variable based on chest girth

In order to accommodate variations in chest girth by company, body measurement tables are commonly
based on constant interval value (such as 4 cm - as shown in Table 5 - or 6 cm - as shown in Table 6) or
are sometimes based on a combination of interval values (such as consecutive values of 6, 8, and 10 cm
as shown in Table 7).

6
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Table 5 — Example for ranges for chest girth for men with 4 cm intervals with starting point

of 76 cm
Dimensions in centimetres
Mean
value 76 80 84 88 | 92 | 96 | 100 | 104 | 108 | 112 | 116 | 120 | 124 | 128 | 132 | 136
11|11 (1f(1|1y1|1j1{1f1(1y1j1)1j1j1(1
RangeZ;gggg23322330000111111222233333
2(2(616|/0]10(4|4(8|8|2]|2|6]6[0[0(4(4|8
Intervals| 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

Table 6 — Example for ranges for chest girth for men with 6 cm intervals with starting point
of 76 cm
Dimensions i} centimetres

)

Mean | 7 | g2 | 83 | 94 | 100 | 106 | 112 | 118 <,§24
121

130 136
value

Rgnge [73(79]|79|85(85(91]91|97|97|103|103|109|109|115]115 121 127(127|1B3(133|139
Int4rvals 6 6 6 6 6 6 6 6 6 6 6

Tlable 7 — Example for ranges for chest girth for men with'a combination of 6 cm, § cm and
10 cm intervals with starting point of 78 cm

Dimensions in centimetres

Meanvalue| 78 | 84 | 90 [.96 | 102 | 110 120
Range |75|81[81]87(87|93493]99[99|105] 106|114 | 115|125
Intervals 6 6 6 6 6 8 10

© ISO 2018 - All rights reserved 7
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Annex A
(informative)

Clothing industry needs related to anthropometric data

The following flowchart, Figure A.1 is intended for summarizing the needs of the clothing industry
regarding the anthropometric data.

Bodydimension Anthropometric Statistical Size charts Several uses

survey data base calculations + Usual mass o s—
(raw data) according to production (Ready ¢Rattern making
clothing to Wear) < Gradation rules

d * Customized * Fit study
needs (MtoM..)

Finished

Feedback infornation on clothing
measurements|in relation to # artiles in

several criterig (i.e. target )
market) : such ps: eachsize

e Age

* Gende
¢ Heightfgroup

* Massgfoup (incl. BMI)
* Shape ffigure

Figure A.1 — Needs ofthe clothing industry regarding the anthropometric data
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Annex B
(informative)

Example of a body measurement table content

Selected explanatory variables: height and chest girth (intended for a targeted "men" group, upper body
garments).

The [following body measurement table, Table B.1, is based on the following explandtory variables:
height (X1) and chest girth (X2). The body measurement table contains data only based’on pne value of
height. Consequently, different tables have to be determined for each selected height. All vialues of the
body dimensions are usually given in centimetres [13].

NOTE The letters in Table B.1 could refer to body landmarks and might be givenwith the body firawing (see
exanpple Figure B.1). Not all body measurements listed in Table B.1 or body measurement positions|indicated on
Figure B.1 are from ISO 8559-1.

© ISO 2018 - All rights reserved 9
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Figure B.1 — Body measurements-in relation to Table B.1
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Annex C
(informative)

Statistical models commonly used for the creation of body

measurement tables

C.1 Genc

Body measy
multiple lin

To achieve |
carried out
to the "twd
variable cat

This techni
(denoted X;

An explana
specific bod

The purpos
function of

the explanatory variable.

C.2 Multiple linear regression models with two explanatory variables

In the fram
population)
dependent

characteriz
combinatio

The multipl
Y=1+

where

e linear regression models are as follows:

bral

car regressions.

recise results, the multiple linear regression model with two explanatorywsriables is m
hnd this model is described in C.2. According to the needs (e.g. lower precision in compay
explanatory variables” model, the single linear regression model-with one explang
be used and this model is described in C.3. Additional models are hientioned in C.4.

que allows to model the linear relationship between one ot more explanatory varig
and a dependent variable (denoted Y).

ory variable can be based on a specific body dimension (or, even, a calculated value fr
y dimension; e.g. logarithm of specific body dimensjon data).

e of this method is twofold: to fit models thatwill help explain the dependent variable]
the explanatory variable and predict the values of measurements according to any val

ework of multiple regressions, n observations (total number of individuals in the s
are available to performthe following three calculations: the secondary surveying
variable to predict, called Y) and those two main measurements, denoted X; ang
ed by continuous variables (the explanatory variables). The goal is to estimate Y by a li
h of two explanatofyvariables X1 and X».

X X1+ BXX, +€

Irement tables are created based on a commonly used method in statistics: mainlysimple or

ninly
ison
tory

bles

pm a

as a
e of

tudy
r (or
1 Xo,
near

A, aand B are constants (model parameters: coefficients and regression constant);

&

is the residuals.

This relation includes statistical "noise", which is characterized by the residuals. These residuals
represent the difference between reality and representation (prediction) by the model.

The coefficients A, « and f are determined by the weighted least squares method intended to minimizing
the residuals.

However, the model is valid only if the adjustment and hypothesis of regression tests are checked.
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The most important hypothesis to check is as follows: "errors (or residuals) are centred normally
distributed (mean value equal to 0), have the same variance (homoscedasticity) and are not correlated
between them."

Example: Based on the French survey carried out in 2006, a formula of "waist girth" (in cm), as the
dependent variable Y, was calculated from "height" (in cm), as the first explanatory variable X1 and
"mass" (in kg) as the second explanatory variable X. The numerical formula was:

Gw=131,8353-0,662 4 x h + 0,951 4 x m.

where

7w is waist girth, in centimetres;
h  is height, in centimetres;
m  is mass, in kilogrammes.

Basgd on this numerical formula, the application for a person (175 cm.and 80 kg) gives the following
resullt: 92,027 3 rounded at (theoretically, i.e. predicted) 92 cm.

NOTE Another set of data (from specific groups of population, another national survey, etc.] will lead to
othef numerical coefficients.

C.3| Simple linear regression model (with oné-explanatory variable)

poptylation) are available to perform the following two calculations: the secondary sufrveying (or
depgndent variable to predict, called Y) and this main measurement, denoted X1, characterized by
contfinuous variable (the explanatory variable). The goal is to estimate Y by a linear combination of the
explhnatory variable Xj.

In the framework of single regressions, n obseryvations (total number of individuals i}the study

The pingle linear regression models are'as follows:
 =A+axX+¢€
where

l and @ are consfants (model parameters: coefficients and regression constant);

3 isithe residuals.

As eixplainedtin C.2, this relation includes statistical "noise", which is characterized by the residuals.
Thege résiduals represent the difference between reality and representation (prediction) by the model.
The [coefficients A and o are determined by the weighted least squares method intended §o minimize
the residuals. The model is valid only if the adjustment and hypothesis of regression tests are checked.
The most important hypothesis to check is as follows: "errors (or residuals) are centred normally
distributed (mean value equal to 0), have the same variance (homoscedasticity) and are not correlated
between them."

C.4 Alternative models

Multiple linear regression models with three explanatory variables have been found suitable for some
surveys.
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Annex D
(informative)

Tasks in statistics

D.1 General

This annex|is drafted to give an overview of the key statistical tasks. It is intended for arﬁ‘&cgiders
having a bagic knowledge in statistics. Further detailed information about statistic tools migll/ e found

with the he|p of skilled statisticians. Oy
/
The flowchart in Figure D.1 summarizes the subsequent statistical tasks to be carriegah\ leading t the
creation of pody measurement tables. >
O
N
% « Selection of the studied population \ (seeD.2.1)
S
/ =S
 Vferification of the normality of each measurments ~J (see D.2.2)
<)
Vplidation of the regression model ({ - (see D.2.3)
L' =t 2.
N
Lot
. NY
¢ [Jetection of the aberrant values @ (see D.2.4)
\.\\: X
¢ Verification of the new model $ (see D.2.5)
o)
|
¢ (raphical representations of the model validation (see D.2.6)
e,
w ¢ Hesidual analysis . c\)b (see D.2.7)
A\
7 .Y
% ¢ Vferification of the consistency of the results . (see D.2.8)
¢ (falculation of the value of each depent}m@asurements, in relation to the explanatory variables (see D.2.9)
=
¢ (Jreation of baby measurementcg,lg;
w ~
Figure D.1 — Flowc!\lz?s f the statistical tasks leading to the creation of body measurement tables
D.2 Stati s(‘y&al tasks

D.2.1 Task 1 — Selection of the studied population

Within the framework of the creation of body measurement tables, it is necessary first to select the
targeted population to be studied.

The consequence is that the statistical models are different according to the selected populations.
The body measurements are based on the body dimension definitions as given in ISO 8559-1.

The ranges of measurements are constructed in a particular division of populations to make them as
homogeneous as possible regarding the morphology.
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