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a b s t r a c t

This paper proposes an original study for controlling, in an Internet and virtual reality-based collaborative
design platform, human perception on 3D virtual garments by adjusting fabric parameters, constituting
the inputs to the garment CAD software. This study will permit the designer to determine the most rel-
evant product through a number of interactions with the consumer. For this purpose, two sensory exper-
iments have been realized on a small number of fabric samples. In the first experiment, we propose an
active learning-based experimental design in order to find the most appropriate values of the fabric tech-
nical parameters permitting to minimize the overall perceptual difference between real and virtual fab-
rics in static and dynamic scenarios. The second sensory experiment aims to extract normalized tactile
and visual sensory descriptors characterizing human perception on the concerned fabric samples. In
the collaborative design process, these normalized descriptors will be used for communications between
the designer and the consumer on perceptual quality of virtual products. By learning from the experimen-
tal data on identified inputs (fabric parameters of the CAD software) and outputs (sensory descriptors),
we model the relationship between fabric technical parameters and human perception on finished virtual
products. The method of fuzzy ID3 decision tree has successfully been applied in this modeling proce-
dure. This model, combined with the corresponding garment CAD software and the learning data
acquired from the two sensory experiments, constitutes the main components of the learning
data-driven collaborative design platform. Using this platform, we have realized a number of garments
meeting consumer’s personalized perceptual requirements.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

Under the worldwide economic pressure, there is a strong need
for industrial enterprises to quickly design new various products
with short life cycles and low costs meeting personalized require-
ments of consumers in terms of functionalities, comfort and fash-
ion style [1]. Based on generation of physical prototypes, the
classical product design process is rather long, leading to high costs
in human resource and production. In this context, the concept of
collaborative design or co-design has been widely introduced in
many industrial sectors such as automobile, furnishing, architec-
ture, manufacturing and civil engineering for quickly delivering
user-centered new products to the market.

Collaborative design represents the experience or process of a
collaborative construction of new content in a virtual environment
represented as avatars by multiple users through their communi-
cation and shared exploration of 3D visualizations [2]. The basic
element of collaborative design is the Internet-based visual plat-
form showing interactions between the product, the designer and
the customer. Based on 3D visual models, new design methodolo-
gies, such as scenario-oriented design or context-oriented design
[3], customized product design [4], are developed for dealing with
different application contexts. They permit to realize the product
design by visualizing a virtual person using the virtual product in
a virtual scenario.

Collaborative design is very significant in garment industry
because, compared with other domestic products, garments and
their accessories are more human-centered in terms of body fit-
ting, comfort and aesthetics. 3D virtual garment design using
specific CAD software can be considered as an optimal combination
of designers, computer technology and animation technology,
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permitting to realize and validate design ideas and principles
within a very short time [5,6]. New knowledge and design ele-
ments on garments can be obtained from human–machine interac-
tions. The application of virtual technology can effectively
accelerate new product development, reduce design and produc-
tion cost, and increase product quality in order to enhance the
competitiveness of garment companies in the worldwide market
[7,8].

The most appreciated CAD systems generating 3D virtual gar-
ments are based on mechanical models [9]. These models, built
according to the mechanical properties of real cloth measured on
devices such as KES and FAST [10], can effectively simulate fabric
deformable structures and be accurate enough to deal with nonlin-
earities and deformations occurring in cloth, such as folds and
wrinkles. Moreover, they can strongly interact with wearers or
human body models. In practice, the perception of virtual gar-
ments can be modified by adjusting the technical parameters of
the corresponding garment CAD software so that their visual and
tactile effects are as close as possible to those of real garments.
In this way, consumers and designers can control or enhance some
sensory criteria such as softness, smoothness, rigidity and draping
effects in virtual products according to their requirements. This
approach is particularly interesting for designing new personalized
products.

This paper presents a study for quantitatively characterizing
human perception on virtual garment products and modeling its
relation with the technical parameters of real fabrics. For this pur-
pose, two sensory experiments are carried out on a small number
of fabric samples for acquiring relevant learning data on the input
(fabric technical parameters) and output (human perception on
virtual garments) of the model.

In the first sensory experiment, the aim is to quickly identify the
real values of the technical parameters for each specific fabric sam-
ple without performing any expensive and time-consuming phys-
ical measures. Taken as input data to the garment CAD software,
these values will permit to minimize the overall perceptual differ-
ence between real and virtual products in static and dynamic sce-
narios. In this context, finding an optimal design of experiments
permitting to estimate these values with minimal number of tests
will become the key issue in this approach. However, the existing
designs of experiments like orthogonal design [11] are mostly off-
line methods and the selection of new experimental data is inde-
pendent of the previous evaluation results. In this context, online
active learning seems to be an appropriate technique for solving
this problem. In an online active learning algorithm, the learner
encounters the data points sequentially, and at each instant, the
model has to decide whether to query the current point and update
the hypothesis. Viewed as an online active learning method,
stochastic learning automata have been used for solving complex
function optimization problems by successively computing the
optimal action corresponding to the biggest value of the estimates
of reward probabilities [12,13].

Compared with the existing online active learning methods opti-
mizing complex functions, the context of our study is different in
the following aspects: (1) Our objective is to minimize the human
perception-based dissimilarity degree of virtual products related
to a real product and then the required accuracy is relatively lower.
(2) The number of concerned factors (parameters of the software
generating virtual products) is very important. (3) The number of
allowed learning data is even more limited and then the application
of a stochastic optimization method is less practical.

In this paper, we proposed a new online active learning method
for quickly and successively controlling human perception on vir-
tual products towards the real product. First, it utilizes the uniform
design [14] for acquiring the initial virtual fabrics. Next, according
to the evaluated dissimilarity degrees of previous virtual samples

related to the real product, we sequentially generate new samples.
At each step of this procedure, the new samples are generated by
enhancing searches on the most relevant garment design parame-
ter, identified by the fuzzy logic-based data sensitivity criterion
[15] of the design parameters. This procedure will permit us to
identify through a very limited sensory tests the optimal values
of the garment design parameters, which constitute the inputs to
the garment CAD software and generate a virtual garment very
close to the real one in both static and dynamic visual
representations.

In the second sensory experiment, we extract a number of nor-
malized tactile and visual sensory descriptors characterizing
human perception on garment products and obtain the evaluation
scores of the involved fabric samples on these descriptors. The
classical descriptive sensory evaluation technique has been used
in this approach. In practice, the perceptual quality of textile mate-
rials and garments is mainly related to tactile and visual properties.
Visual properties essentially include fabric appearance, color, fash-
ion style and garment fitting effects while tactile properties (hand
feeling) are generally related to the nature of materials [10].

By learning from the input and output data acquired in the pre-
vious two sensory experiments, we model their relations using
three techniques: linear regression, neural networks and fuzzy
decision trees. In the context in which the number of learning data
is relatively few, the experiments on different garment products
have shown that the fuzzy ID3 decision trees are the most efficient
tools in this modeling procedure.

The following sections are organized as follows. Section 2 pre-
sents the formalization of the concerned concepts and data, and
gives a general structure of the proposed collaborative design plat-
form. Sections 3 and 4 describe the details of the two sensory
experiments for acquisition of the input and output learning data.
In Section 5, we compare different modeling techniques for charac-
tering the relations between the fabric technical parameters and
human perception on the corresponding virtual garments. In
Section 6, we give an example of garment collaborative design,
showing how consumer’s perceptual requirements can be taken
into account in new design schemes. Finally, a conclusion is given
in Section 7.

2. Formalization and general scheme

2.1. Formalization of the concepts and data

The concepts and data involved in this study are formalized as
follows.

Let S = {S1, S2, . . . , Sn} be a set of n representative fabric sample.
Let P = {P1, P2, . . . , Pm} be a set of m fabric technical parameters
served as inputs to the garment CAD software.
Let SDi = hSSi, DSii be the pair of dissimilarity degrees for the
sample Si. SSi and DSi represent the static (with photos) and
dynamic (with video) dissimilarity degrees respectively, given
by a group of evaluators by comparing the real and virtual fab-
ric samples.
Let D = {D1, D2, . . . , Ds} be a set of s normalized sensory descrip-
tors generated by another group of trained evaluators, for
describing human perception on the virtual and real samples
in S.
Let Ini = (Ini

1, Ini
2, . . . , Ini

m)T be the normalized input vector,
where Ini

j represents the value of the fabric technical parameter
Pj for the fabric sample Si, obtained from the Sensory
Experiment I.
Let Outi = (Outi

1, Outi
2, . . . , Outi

s)T be the normalized output vec-
tor obtained from Sensory Experiment II, where Outi

j represents
the value of Dj for the fabric sample Si.
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