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Motivation and problematic

Motivation and problematic

@ Clothing development process and human modelling require updated
anthropometric data to develop new patterns.

@ Body measurements have been traditionally taken by using rudimentary
methods.

* Advantages:

- Procedures are very easy to use.
- No particularly expensive.

* Drawbacks:

- The shape information is imprecise and inaccuracy.
- Interaction with real subjects.

@ New 3D body scanner technologies constitute a step forward in the way
of collecting anthropometric data.

@ Anthropometric surveys in different countries (Spain, 2006).
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Landmarks

Anthropometric database

@ A national 3D anthropometric survey of the female population was
conducted in Spain in 2006 by the Spanish Ministry of Health.
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@ Aim: To generate anthropometric data from the female population
addressed to the clothing industry.

IBV

@ Database: Sample of 10.415 Spanish women randomly selected:

* From 12 to 70 years old.

* 95 anthropometric measurements.
* 66 points representing their shape.
* Socio-demographic survey.
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Landmarks

@ The shape of all the women of the database is represented by landmarks.

@ Landmark: Point (x,y, z) of correspondence on each individual that
matches between and within populations.

@ The configuration is the set of landmarks = X € M 3(R)
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Statistical approaches

@ Clothing development process
o Clustering:

* Trimmed PAM.
* Hierarchical PAM.

o Statistical shape analysis:

* k-means adapted.

o Archetypal analysis:

* Archetypes & Archetypoids.

@ R package @
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Clothing development process
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Clothing development process (1)

Clothing development process: To define a sizing system that fits good.

Current sizing systems don’t cover all morphologies.

Causes:

(]

* 0Old size charts.
* Clothing manufacturers work by trial and error.
* Sizing systems are not standardized.

The final evaluation of fit needs fit models.
A good fit model is the basis for defining an accurate sizing system.

They define a single fit model for the whole target market.

There is not much information to help choose a fit model.
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Clothing development process (I1)

@ Consequences: Lack of fitting of the sizing systems.

* Large amount of unsold garments (company competitivity loss).
* High index of returned garments (customer dissatisfaction).

@ Proposals in the literature to define sizing systems:

* Multivariate approaches (PCA, Clustering).
* Optimization algorithms (McCulloch et al. (1998)).

@ Proposals in the literature to define fit models:

* There are not any statistical method aimed at defining fit models.
@ Our proposals:

* Sizing system:

- Trimmed PAM.
- k-means in the shape space.

* Fit models: Hierarchical PAM.
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Clustering: Trimmed PAM

@ Our proposal is an improvement of the work of McCulloch et al. (1998):
* k-medoids clustering method — prototypes will be real persons.
* Trimmed k-medoids to leave out outlier individuals.
* Extension of the dissimilarity used by McCulloch et al. (1998), duo.
* OWA operators to take into account to the user.
@ Data set (6013 women and 5 dimensions):
* Not pregnant women. ; Not breast feeding at the time of the survey.
* No cosmetic surgery. ; Between 20 and 65 years.
* Bust, chest, waist and hip circumference and neck to ground length.
@ Procedure:
* The data set is segmented in 12 bust classes (EN 13402-2).
* The trimmed k-medoids is applied to each segment with k = 3.
@ Conclusions of this work:
* Assignment of individuals to size.
* Derivation of realistic prototypes.
* Selection of individual discommodities.
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ARTICLE INFO ABSTRACT

Keywords: This paper is concerned with apparel sizing system design. One of the most important issues in the appa-
Anthropometric data rel development process is to define a sizing system that provides a good fit to the majority of the pop-
Sizing systems ulation. A sizing system classifies a specific population into homogeneous subgroups based on some key

Trimmed k-medoids

body dimensions. Standard sizing systems range linearly from very small to very large. However, anthro-
OWA operators

pometric measures do not grow linearly with size, so they can not accommodate all body types. It is
important to determine each class in the sizing system based on a real prototype that is as representative
as possible of each class. In this paper we propose a methodology to develop an efficient apparel sizing
system based on clustering techniques jointly with OWA operators. Our approach is a natural extension
and improvement of the methodology proposed by McCulloch, Paal, and Ashdown (1998), and we apply
it to the anthropometric database obtained from a anthropometric survey of the Spanish female popula-
tion, performed during 2006.

© 2012 Elsevier Ltd. Al rights reserved.
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Clustering: Hierarchical PAM (HIPAM)

@ HIPAM algorithm: divisive hierarchical clustering method based on PAM
(Wit et al. (2004)).

@ Two HIPAM algorithms adapted to anthropometric data:

* HIPAMp0: HIPAM + dissimilarity dyo + asw.
* HIPAMp0: HIPAM + dissimilarity dyo + INCA (Irigoien et al. (2008)).

@ The INCA criterion is used to divide the clusters and as a stopping rule.
@ Data set and procedure:

* Same data set used with by the trimmed PAM procedure.
* The data set is also segmented in 12 bust classes (EN 13402-2).
* Both HIPAM algorithms are applied to each segment.

@ Conclusions of this work:

* Robust statistical tool to determine accurate fit models.
* Automatic detection of outliers.
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This paper is concerned with the generation of optimal fit models for use in apparel design. Representative fit
models or prototypes are important for defining a meaningful sizing system. However, there is no agreement
among apparel manufacturers and each one has their own prototypes and size charts ie. there is a lack of
standard sizes in garments from different apparel manufacturers.
‘We propose two algorithms based on a new hierarchical partitioning around medoids clustering method origi-
nally developed for gene expression data We are concerned with a different application; therefore, the dissimi-
larity between the objects has to be different and must be designed to deal with anthropometric features.
Furthermore, one of the algorithms incorporates a different rule to split the clusters, which, in our case, provides
better results. Our procedures not only make it possible to obtain optimal prototypes, but also to detect outliers.
These outliers should be removed before defining prototypes so that the companies' market share can be
optimized.
All the analy ses are performed using the anthropometric database obtained from a survey of the Spanish female
population.

© 2013 Elsevier BV. All rights reserved.

Vists = Developing statistical methodologies for Anthropometry



Clothing development process
Statistical approaches Human modelling
R package

Statistical shape analysis

@ Aim: To use k-means to divide the population according to their shapes.

@ Fundamental concepts of the statistical shape analysis:

* Pre-shape of an object: It is what is left after allowing for the
effects of translation and scale.

* Shape of an object: It is what is left after allowing for the effects of
translation, scale, and rotation.

* Procrustes distance, p: Closest great circle distance between
pre-shapes on the pre-shape sphere.

* Procrustes mean: The shape that has the least summed squared
Procrustes distance to all the configurations of a sample.

@ k-means has been usually applied using a set of anthropometric variables
as input.

@ k-means: The sample mean is the value that minimizes the Euclidean
distance from each point, to the centroid of the cluster to which it
belongs.
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K-means algorithm in the Shape Space

@ By integrating the Procrustes mean and the Procrustes distance into
k-means, we can use it in the shape analysis context.

@ k-means algorithm to Xi, ..., X, configuration matrices:

(i) Given Z=([Z1],...,[Z]) [Z]1€X$ i=1,...,k, we minimize with
respect to C = (Cy, ..., Cx) assigning each shape ([Xi],...,[Xn]) to the
class whose centroid has minimum Procrustes distance to it.

(i) Given C, we minimize with respect to Z, taking Z = ([@1], - . -, [k]),
being [izi]] i =1,..., k the Procrustes mean of shapes in C;.

@ Steps (i) and (ii) are repeated until convergence of the algorithm.

@ We adapt the Lloyd k-means unlike Amaral et al. (2010) that use
Hartigan-Wong k-means.
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K-means algorithm in the Shape Space

@ Computational statistical tool: R package shapes.
@ Data set and procedure:

* Same data set used with the trimmed PAM procedure.

We segment our data set using bust and height measurements.
In this way, the size effect is filtered out in an easy way.
We apply the k-means algorithm to each segment (k = 3).

* % *

Bust Heightl Height2
<162 cm [162—174[ cm
[74 —82[ cm 240 97
[82 —90[ cm 1052 694
[90 — 98] cm 1079 671
[98 — 106[ cm 772 311
[106 — 118 cm 446 170

@ Conclusions of this work:

* k-means adapted in the context of shape analysis to cluster human
body shapes based on landmarks.

* Lloyd version has better performance than Hartigan-Wong version.
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Clustering results

Procrustes rotated data for luster 1

Neck o ground with s mean shape superimposed

Bust € [90-98] ; Height € [162-174] —_

671 women | T | i
Cluster 1 Cluster 2 Cluster 3 ) R s :
153 206 312 ) E = — o
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Clustering results

Neck to ground Procrustes otated data for custer 1

with s mean shape superimposed

Bust € [90-98] ; Height € [162-174]
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Clustering results
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Bt The k-means algorithm for 3D shapes with an
. application to apparel design
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Abstract

e the basic foundation of the k-means algorithm is to use the fact that the

sample mean is the value that minimizes the Euclidean distance from each point to

the centroid of the cluster to which it belongs, the idea of integrating the Procrustes

distance and Procrustes mean into the k-means algorithm to adapt it to the shape

SECO N D REVIS I O N analysis context arises in a natural way. There have been several attempts in that

way, each one adapting a different version of the h-means algorithm. In this paper

we propose to adapt the Lloyd version of the k-means algorithm to the field of sta-

nal case. We present a study

tistical shape analysis, focusing on the three dime
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Human modelling
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Human modelling

@ Products intended to fit the users must be designed considering their size
and shape — Generation of several representative human models.

@ The human models represent the anthropometric variability of the target
population.

@ The appropriate selection of this small group is critical.

@ If the hard to fit extreme individuals are previously identified, the time
and cost of the design process is reduced.

@ Usual approaches:

* Percentile analysis.
* Regression.
* PCA.

@ Our proposal: ARCHETYPAL ANALYSIS (AA) (Cutler et al. (1994)).
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Archetypal analysis

@ Let be an n X m matrix X, multivariate database.
@ The AA aims at obtaining the n X k matrices o and 8 which minimize:

n k n k n
RSS = lxi— > ajzil>=> lxi = > az y_ By
i=1 j=1 i=1 Jj=1 I=1
under the constraints
k
1) > aj=1lwitha;>0andi=1,...,n
Jj=1

2) Y By=1with By >0andj=1,....k

=1
@ ARCHETYPE: extreme member of the data set that is a mixture of the

actual data points: z; = Zﬂj,x, @
=1
@ Archetypes can be computed with the R package archetypes.
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Archetypal analysis vs PCA

@ Aircraft pilots database from the United States Air Force (USAF) Survey.
e From the total of variables, we select six (the cockpit dimensions).

@ Conclusions of this work:
* The goal of AA is to obtain extreme individuals.
* The level of accommodation is reached with AA.
* Archetypes cannot be obtained with PCA.
* Number of archetypes is decided either by the user or by a criterion.

Dimension

Description

Thumb Tip Reach

Measure the distance from the
wall to the tip of the thumb.

Buttock-Knee Length

Measure the horizontal distance
from the rearmost surface of the
right buttock to the forward
surface of the right kneecap

Computers & Industrial Enginesring 64 (2013) 757-765

Contents lists available at SciVerse ScienceDirect

Computers & Industrial Engineering (®

journal homepage: www.elsevier.com/locate/caie

Popliteal Height Sitting

Measure the vertical distance
from the footrest surface to the
superior margin of the right kneecap.

Sitting Height

Measure the vertical distance
from the sitting surface to the
top of the head

Eye Height Sitting

Measure the vertical distance
from the sitting surface to the
right external canthus (outer
“corner” of eye)

Shoulder Height Sitting

Measure the vertical distance
from the sitting surface to the

right Acromion - the bony landmark
at the tip of the

Archetypal analysis: Contributions for estimating boundary cases
in multivariate accommodation problem

W) e
1. Epifanio®*, G. Vinué", S. Alemany ©
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Archetypoid analysis

@ The archetypes do not correspond to observed individuals:
n n
z; = Zﬁj/xl with Zﬁj/ =1 and [))J'/ >0
I=1 I=1

@ In some cases it is critical that the archetypes are real subjects.

@ So far the nearest individuals to archetypes are computed in two ways:

@ nearest: Subjects who have the closest de to archetypes.
@ which: Subjects with the greatest a for each archetype.

@ The identified archetypes can be artificial: “no economist in our sample
fits this archetype to 100%" (Seiler et al. (2013)).

@ A new archetypal concept is proposed: the ARCHETYPOID:
zj = Z,@j/xl with Z[ﬁj/ =1 and
I=1 =1

@ An archetypoid is a real observed individual.

By € {0,1} ‘

@ The archetypoids might not be the same as the nearest/which.
@ The archetypoids always exist even when the features are unavailable.
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Aircraft pilots archetypes and archetypoids

0005 0010 0015 0020 0025 0030 0035 0040

—  Archetypoids from nearest
---- Archetypoids from which

g
°\a\o_xe
—_—

g4

T T T T T T T T T
2 3 4 5 & 7 8 9 1

Archetypes/Archetypoids

3 archetypoids (from nearest)

™

Clothing development process
Human modelling
R package

@ Aircraft pilots database.

RSS
3 archetypes | 0.012380
3 archetypoids from which (1632,1822,52) | 0.012385
3 archetypoids from nearest (2177,2240,1691) | 0.0128
which (1421,314,1601) | 0.0195
nearest (511,314,1691) | 0.0182

3 archetypoids (from which)
8- —

e LT
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Submilled lo the Armals of Applied Statistics

arXiv: arkiv:0000.0000

'IHI:..'\::':NM.S ARCHETYPOIDS: A NEW APPROACH TO DEFINE
AFPLIED REPRESENTATIVE ARCHETYPAL DATA*
STATESTICS

- P s By GUILLERMO VINUE, IRENE EPIFANIO AND SANDRA ALEMANY

sity of Valencia, Universitat Joume I and Biomechanics Institute of
Valencia

Univer.

A new concept is introduced: archetypoids. Archetypoid analysis
represents each observation in a data set as a mixture of actual obser-
vations in the data set, which
archetype analysis, archetypoids
of observations. This is relevant when existing archetypal obse
tions are needed, and not fictitious. An algorithm is also proposed
to find them. Some of their theoretical properties are introduced.

o = We also show how to obtain them when only dissimilarities between
¢ known (features are unavailable). Archetypoid anal-

» pure type or archetypoids. Unlike

are real observations, not a mixture

ion:

ohser

ysis is illu ed in three different problems and several examples,
comparing them with the archetypes and the nearest ohservations to

them.
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R package
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Journal of Statistical Software

MMMMMM YYYY, Volume VV, Issue 1. http:/ funne Jstatsoft.org/

@ A new R package called
Anthropometry gathers
together all these
methodologies.

Anthropometry: An R Package for Analysis of
Anthropometric Data

Guillermo Vinué
Department of Statistics and O.R., University of Valencia, Valencia, Spain.

@ Hopefully soon available
from CRAN.

Abstract

The development of new powerful 3D scanning techniques has enabled the generation
of updated anthropometric data, very representative of the target population. In order to
get. full benefit from them, they must be comprehensively analyzed by means of rigorous
statistieal methodologies. This paper presents a new R package called Anthropometry that
joints together some statistical methodalogies concerning clustering, the statistical shape
analysis and the archetypal analysis, specially developed to deal with anthropometric
data. The utility of the package is shown by analyzing anthropometrie data obtained
from & survey of the Spanish female population and from the 1967 United States Air
Foree Survey.

Keywords: R, anthropometric data, clust

i, statistical shape analysis, archetypal analysis.
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Conclusions

Updated anthropometric data constitute valuable information...

* To optimize sizing systems.
* To understand the body shape of the population.
* To reduce the design process cycle.

Rigorous statistical methodologies and software tools must be developed.

@ Our research group has proposed several statistical methods concerning

clustering, the statistical shape analysis and the archetypal analysis.
Clustering methodologies and the shape analysis allow...
* To define an optimal clothing sizing system.

* To identify the fit models of each size.
* To cluster individuals according to their shape.

Methodologies based on the archetypal analysis look for representative
subjects, which help to define coherent human models and mockups.

A new R package has been introduced that joints all these methodologies.
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