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Abstract

The fit, comfort and the fashionable look of professional clothing as
well as personal protective equipment (PPE) gain in importance.
In addition to the protection and functional properties, the working
and protective clothing demands perfect fit for optimal freedom
of movement. The balancing act between freedom of movement,
functionality and fashion-oriented fit of different target groups
offers new complex challenges to manufacturer of professional
clothing. Anthropometric data are used for clothing design, PPE,
workstations and man-machine interfaces. Therefore two different
measuring systems are used: size charts and ergonomic standards.
Size charts are the base for clothing industry, however size charts
cannot cover the functional requirements of professional clothing
and PPE. The body measurements during exercising movements
(standing, sitting, kneeling, etc.) deviate significantly from the
measurements of size charts, which are measured in standard
standing position. The motion-related variability of body dimensions
is partly reflected in ergonomic standards. The ergonomic standards
describe different modes of motion, e.g. arm range, without any size
references, only percentiles type. A measurement standard which
considers size reference as well as function-oriented motion of the
body at work, is currently not available.

In the project "functional dimension® the motion-related variability
of body measurements are investigated and converted into a new
size system. The following work steps are in the presented project:
analysis and classification of work-related postures (standing,
sitting, etc.), posture capturing by using 3D-scanner technology,
identification of changes in the motion-dependent body shape
and analysis of the extrema, statistical evaluation of ergonomic
dimensions, development of ergonomic and motion-related size
systems.

The aim of the project is to re-evaluate fundamentally the motion-
induced changes of the body, to identify the respective characteristic
and to derive new defined functional dimensions. The new motion-
oriented size system allows fitting and ergonomically based design
of function-oriented, comfortable and fashionable professional
clothing and PPE in future. The challenge consists of the systematic
derivation of new functional dimensions as well as their conversion
into optimized clothing products in addition to reproducible detection
of the ROM (range of motion).
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Introduction

The most important properties of professional clothing and personal
protective equipment (PPE) are protection and functionality, but many
customers are no longer satisfied with a standard solution with regard
to fit and ergonomic comfort. It is required to have a fit-proof and
visually appealing professional clothing and PPE, which also offers
optimum freedom of movement [1-3]. The balancing act between
freedom of movement, functionality, protection and the fashion-
oriented fit of different target groups offers new complex challenges
to the manufacturer.

The anthropometric data are normally used for clothing design,
PPE, man-machine interfaces and workstations. For this proposal
two different measuring systems are currently used: size charts and
ergonomic standards [1-8]. Size charts are the base for clothing
industry, but they cannot cover the functional requirements of
professional clothing and PPE.

In comparison to the standard measurements for size charts, the
body measurements during exercising movements (standing, sitting,
kneeling, etc.) deviate significantly.

The motion-related variability of body dimensions like lengths and
circumferences is partly reflected in ergonomic standards [4-6]. But
the ergonomic standards just describe different modes of motion, e.g.
arm range, without any size references, only percentiles type. Due to
this, the correlation between the two measurement systems is missing
(Figure 1).

Many international studies emphasize the issues and needs for body
movement integration into clothing [9-11]. Scientific research was
realized especially in the field of PPE [12-15] particularly in the field
of fire-fighting [16-19], military [20] and rescue service [21]. The
sports sector also deals with the implementation of body movement in
clothing [22,23] inter alia. Eungpinichpong, et al. [24] investigates the
effects of wearing too tight and ill-fitting pants on the lumbar region and
muscle activity. Discomfort and poor fit of trousers in the hip area could
be clearly demonstrated and confirm the need to consider the range of
motion (ROM) for people in development of clothing. The integration of
body measurements and movements to a new size system has not been
realized yet. This was the starting point of the project.

Methods

In the research project "functional dimensions" [3,25] the movement-
related variability of body measurements is investigated and a new
motion-oriented system shall be developed.

The presented project includes the following work steps: Analysis and
classification of work-related postures (standing, sitting, kneeling,
etc.) and motion sequences, posture capturing using 3D-scanner
technology, identification of changes in the motion-dependent body
shape and analysis of the extrema for derivation of the motion-oriented
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size 50 52 | 54 | 56 | 58
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armlength 65
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Figure 2: The defined postures for analyzing the range of motion.

Figure 3: Physical markers on human body according to anthropometric
landmarks.

measurements, statistical evaluation of ergonomic dimensions
according to sizes, figure types as well as size series, development of
ergonomic and motion-related size systems for men and women.

The identification and classification of representative types of
movement, which reflect as many professional activities as possible,
was important to develop specific scanning positions. One main aim
was to define particular postures in a way that test subjects can adopt
these postures in a reproducible and repeatable manner. In addition,

Figure 4: Exemplary presentation of the body movement measurements.

it was necessary to specify postures that enable the bodyscanner Vitus
Smart XXL to capture all relevant body areas.

The analysis has resulted in 10 different scan postures, which can be seen
in Figure 2. These postures are: standing in different positions, sitting in
different positions, bending, squatting as well as standing in a lunge. Each
test subject was scanned in these 10 scan postures. Some of the postures
from the SizeGermany survey [1] (like standing and sitting positions) are
used as references for the evaluation afterwards.

Additionally, to the scan postures, a total of 16 physical markers made
of styrofoam have to be applied on test subjects bodies at specific
anthropometric measuring points before scanning. This enables the
analyze and measurement of the differences in lengths and circumferences
reproducibly. Figure 3 shows exemplary the Styrofoam markers.
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Figure 7: Exemplary presentation of different types of the posture “squad”.

The identification of changes in motion-dependent and posture-
dependent body shape as well as the analysis of the extrema for
derivation of the new functional dimensions plays also a major role.

The definition of significant measurements is essential besides
the other work steps. The measurements of adopted postures are
compared with reference postures in order to determine the changes.
Altogether, about 21 measurements were determined. Figure 4 shows
exemplary some of these measurements. Important measurements
are chest circumference, arm, leg and back lengths, back and chest
width as well as leg and arm circumferences. However, the distances
between markers on the back in different postures are also measured.

Based on the first data analysis, it has been found that reproducibility

is also an important aspect. As an example, the postures “bend”
and “squad” can be mentioned. Figure 5 shows different types of
the posture “bend” due to the different physical abilities of the test
subjects.

This posture had to be redefined due to the first findings. These
postures had to be scanned in two different variations in order to be
able to sustain the reproducibility and to evaluate the results later in
relation to the body height (Figure 6):

+ Variation 1: To bend as far forward as possible according to the
physical constitution of test subject

+ Variation 2: To bend to the reference point at the middle knee
point.
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The posture “squad” depicts also some challenges as mentioned
above. Figure 7 shows the position of the markers on the test subject’s
back in the posture “squad”. The position of the markers can change,
depending on the abilities of the test subject and the performance of
the posture. For this reason, the results of the measurement can be
difficult and it could vary widely.

To ensure the comparability and reproducibility, an accurate
instruction and review during the scanning process is necessary.

Results and Conclusions

The innovative aim of the project is to fundamentally re-evaluate the
motion-induced body changes, identify the respective mean degree
of expression and derive new defined functional dimensions. Results
are converted into an ergonomic and motion-oriented size system for
efficient application of functional dimensions in clothing industry.
This includes functional dimension charts for various figure types
and size series and - in this the new solution approach - for relevant
different motions. This requires a multidimensional representation
of the dimensions. The connection to traditional clothing sizes and
known size designations ensures the acceptance and application of a
new size system in practice. Focus of the research is on ergonomic
design of professional and protective clothing and thus the analysis
of work-type body postures and movement sequences. Many of these
movements coincide with those of different sports.

In a first step, however, it is useful to limit the wide range of analysis to
the field of occupation, and to examine the transfer to other fields in a
second step. There are large differences between the genders in body
forms, proportions and muscle manifestations [1,4,26,27]. Due to this,
research of the functional dimensions should be carried out for men
and women. The combination of all results from the investigation is
used to optimize the presentation and use of the multi-dimensional
content by developing a software-based user-friendly application.
In addition to the movement-oriented body data, optimized size
allocation systems are developed which decisively support and
improve the process of size fitting and size allocation.
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