IEEE STANDARDS ASSOCIATION -IEEE

IEEE-SA Industry Connections White Paper

IEEE Industry Connections (IEEE-IC)
Landmarks and Measurement Standards
Comparison in 3D Body-model Processing

Authors:

Carol McDonald, Gneiss Concept

Yingying Wu, Kansas State University
Alfredo Ballester, Instituto de Biomecanica,
Universistat Politécnica de Valéncia
Michael Stahl, Intel

Core Contributors:
John Fijen (Tc2 La
Dongsoo Han (Ze

IEEE | 3 Park Avenue | New York, NY 10016-5997 | USA
Documents

Document Sharing Hub

Full document details: IEEE Industry Connections (IEEE-IC) Landmarks and Measurement Standards Comparison in 3D Body-model Processing


http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing
http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing

|IEEE Industry Connections (IEEE-IC)
Landmarks and Measurement Standards
Comparison in 3D Body-model Processing

Authors:

Carol McDonald, Gneiss Concept

Yingying Wu, Kansas State University
Alfredo Ballester, Instituto de Biomecdnica,
Universistat Politécnica de Valéncia
Michael Stahl, Intel

Core Contributors:

John Fijen (Tc2 Labs)

Dongsoo Han (Zelus)

Julianne Harris (Target)

Sean Inyong Jeon (CLO Virtual Fashion, Inc.)
Makiko Kouchi (National Institute of AIST Japan)
Amit Kumar (Gerber)

Luciano Oviedo (University of Warwick)

Emma Scott (Fashion Should Empower)

Daniel Shor (Browzwear)

< IEEE

Documents

Copyright © 2018 IEEE. Al rights reserved. Document Sharing Hub

Full document details: IEEE Industry Connections (IEEE-IC) Landmarks and Measurement Standards Comparison in 3D Body-model Processing


http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing
http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing

Trademarks and Disclaimers

IEEE believes the information in this publication is accurate as of its publication date; such
information is subject to change without notice. IEEE is not responsible for any inadvertent errors.

The Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue, New York, NY 10016-5997, USA

Copyright © 2018 by The Institute of Electrical and Electronics Engineers, Inc.
All rights reserved. Published February 2018. Printed in the United States of America.

IEEE is a registered trademark in the U. S. Patent & Trademark Office, owned by The Institute of Electrical and Electronics
Engineers, Incorporated.

PDF: ISBN 978-1-5044-4655-6 STDVA22978

IEEE prohibits discrimination, harassment, and bullying. For more information, visit

http://www.ieee.org/web/aboutus/whatis/policies/p9-26.html

No part of this publication may be reproduced in any form, in an electronic retrieval system, or otherwise, without the prior
written permission of the publisher.

To order IEEE Press Publications, call 1-800-678-1EEE.
Find IEEE standards and standards-related product listings at: http://standards.ieee.org

Documents

Copyright © 2018 IEEE. Al rights reserved. Document Sharing Hub

Full document details: IEEE Industry Connections (IEEE-IC) Landmarks and Measurement Standards Comparison in 3D Body-model Processing


http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing
http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing

Notice and Disclaimer of Liability
Concerning the Use of IEEE-SA Documents

This IEEE Standards Association (“IEEE-SA”) publication (“Work”) is not a consensus standard document.
Specifically, this document is NOT AN IEEE STANDARD. Information contained in this Work has been created by, or
obtained from, sources believed to be reliable, and reviewed by the author and contributors who produced this
Work. IEEE and the author and contributors members expressly disclaim all warranties (express, implied, and
statutory) related to this Work, including, but not limited to, the warranties of: merchantability; fitness for a
particular purpose; non-infringement; quality, accuracy, effectiveness, currency, or completeness of the Work or
content within the Work. In addition, IEEE and the author and contributors disclaim any and all conditions relating
to: results; and workmanlike effort. This document is supplied “AS IS” and “WITH ALL FAULTS.”

Although the author and contributors who have created this Work believe that the information and guidance given
in this Work serve as an enhancement to users, all persons must rely upon their own skill and judgment when
making use of it. IN NO EVENT SHALL IEEE OR THE AUTHOR AND CONTRIBUTORS BE LIABLE FOR ANY ERRORS OR
OMISSIONS OR DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING,
BUT NOT LIMITED TO: PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
WORK, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND REGARDLESS OF WHETHER SUCH DAMAGE
WAS FORESEEABLE.

Further, information contained in this Work may be protected by intellectual property rights held by third parties or
organizations, and the use of this information may require the user to negotiate with any such rights holders in
order to legally acquire the rights to do so. IEEE and the author and contributors make no assurances that the use
of the material contained in this work is free from patent infringement. Essential Patent Claims may exist for which
no assurances have been made to the IEEE, whether by participants in this white paper activity or entities outside
the activity. The IEEE is not responsible for identifying essential patent claims for which a license may be required,
for conducting inquiries into the legal validity or scope of patents claims, or determining whether any licensing
terms or conditions, if any, or any licensing agreements are reasonable or non-discriminatory. Users are expressly
advised that determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. No commitment to grant licenses under patent rights on a reasonable or non-
discriminatory basis has been sought or received from any rights holder. The policies and procedures under which
this document was created can be viewed at http://standards.ieee.org/about/sasb/iccom/.

This Work is published with the understanding that IEEE and the author and contributors are supplying information
through this Work, not attempting to render engineering or other professional services. If such services are
required, the assistance of an appropriate professional should be sought. IEEE is not responsible for the statements
and opinions advanced in this Work.

Documents

Copyright © 2018 IEEE. Al rights reserved. Document Sharing Hub

Full document details: IEEE Industry Connections (IEEE-IC) Landmarks and Measurement Standards Comparison in 3D Body-model Processing


http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing
http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing

Contents

ABSTRACT ...ttt ettt e e e et e e e e e e e e e etteeeeeeeaiabeeeeeasbaeeesaaseeeesasseeeeaasseaeeeasseeeeanssasaesannnreeeeanns 5
I Vo | o Yo ¥ ot o [ o TS 5
2. The role of landmarks and measurements in 3DBP applications........ccceccveeevriieeeininennnn. 7
CAD ClOthiNg ESIZN ...evvieiiiiiiee et e e s s e e e s sabe e e s ssbaeeesssbaeeenas 8
CAD footwear design and fitting........ccueiiiriiiiiiiiie e 8
3. Landscape of existing Standards ..........oocuueiiiiiiiiee i e 9
4. Detailed comparison of preferred landmarks and measurements from use cases........ 11
Required landmarks from use cases for full body ..........coocviiiiniiiiiiiii e 12
2 ToTo LV 4 =T=4To] o PO U UUUPPRTRPPT 15
Required digital landmarks from use cases for full body ........ccccovvveeieeiinicciiieeeeeeeeens 16
Do =] I o ToTe LY A =Y -4 T o RPN 19
5. Summary and recomMmMENdAatioNs .......ccccciirieeieeeiiiiiireee et e e eeenrre e e e e e e e anres 20
TR 11 - 1 [ o 3OO PP 22
Appendix A Summary of content of 3DBP-related standards ..........coececvvveeeeeeeiiiciineeeneeeenn. 24
ISO 7250-1 (2017) coereeeeeeieeeeeeiitee e eete e e e ettt e e e s e svae e e s st teeeeessbaeeesssaaeesenssaeeeesnsaeeeesnssaeesanns 24
ISO 8559-1 (2017) cuvrreeeeeireeeeeiieeeeeeiteee e et ee e e s e staeeessateeeeesssaeeeessaaeesessseeeeesnssneessnssneesnns 24
ISO 20685:2010......cueeeeeeiiieeeeiieeeeeete e e e eerreeeesesateeeesaseeeeasssaeeeeansseeeaanseeeeassaeeeannsaeeeannnes 24
ISO 20685-2:2015.....cceeeeeiieeeeecitee e et e e e rree e e s e st e e e e et e e e e baeeeeaataeeeenaraeeeennaeeeeennraeeeanns 25
International Society for the Advancement of Kinanthropometry (ISAK)........ccccceevvnnnns 25
RV =R I o Yol = £ ] V2RO 25
[SO/TS 19408:2015 ....occeveeeeieeeciteeecireeectte e et e e e e e e s be e e s aaeeeaseesbeeesaseeessseesseeesnseeesaseesnseeas 25
Appendix B Landmarks and measurements from the existing standards.........cccccovvveeeeeeenn. 26
Landmarks from all sStandards ..........c.eeeeeeiiiieicciiiee e 26
Measurements from all standards.........ccuuveeeiii e 28
Docunfents

Copyright © 2018 IEEE. All rights reserved. .
Document Sharing Hub

Full document details: IEEE Industry Connections (IEEE-IC) Landmarks and Measurement Standards Comparison in 3D Body-model Processing


http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing
http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing

|IEEE Industry Connections (IEEE-IC)
Landmarks and Measurement Standards
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Abstract

This white paper reviews the current standards landscape for three-dimensional body scanning,
body landmarking, and measuring. International standards are compared and recommendations
are made for a minimal set of landmarks and measurements (L&M) needed for several industrial
use cases of 3D Body Processing such as fit and size estimation, retail, clothing manufacturing,
CAD tool developers, and body model storage and service.

1. Introduction

Human body structure is made up of 206 bones and 230 moveable and semi-movable joints in
adults [1], and its outer body surface can range from an average of 2205 cm? at birth (50 cm,
3.5 kg) to 25,000 cm? for a 300 kg, 190.5 cm obese adult [19]. Three-dimensional (3D) scanners
enable the fast, safe, and cost-effective acquisition of body surface geometry in 3D. Since their
appearance, 3D models of the human body (or body parts) have been in use for various
applications and are becoming ubiquitous in industries such as apparel manufacturing and retail.
The increase in availability of body scanning equipment that are able to digitize body surface in
combination with the expected proliferation of applications that use body models, justify efforts
to standardize some of the interactions concerning 3D body models and associated data.

The 3D Body Processing (3DBP) initiative aims to improve interoperability between producers
and consumers of 3D body models and associated services. In turn, standardization will ease the
development of innovative solutions using body models and accelerate scaling of 3D body-
model-based applications.

One of the common usages for 3D body models is the extraction of body measurements from
the model since it is an efficient alternative to traditional anthropometry. These measurements
are used in a range of applications such as ergonomic design, garment construction, mass
customization, health or physical fitness. These measurements include distances, heights,
widths, lengths, or girths. Measurements thus constitute an important metadata that should be
kept along the 3D data processing pipeline, described in first white paper published by the 3DBP
Industry Connections group [24].

In traditional anthropometry, human measurers locate the anatomical body references
(designated as landmarks) by palpation of bony prominences. These landmarks are used as
reference points when taking manual measurements (e.g., by measuring the distance between
landmarks). Measurements are made using traditional tools such as calipers and measuring tape
(Kouchi, et al. [17]). The digital extraction of measurements from a 3D body model relies on the
same steps (i.e., landmarking and then measuring) but the definition of the landmarks is based
on searches on the body surface geometry because no palpation is possible of the digital data.
Some scanning solutions offer both the physical scan capture as well as a post-processing stage
to calculate body measurements. In other cases, measuring software is offered as standalone
software that accepts 3D body models from different scanners.
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Measurement definitions, postures, anatomical body references, instruments, procedures, and
attire are standardized for different purposes (i.e., ergonomic design of products and
environments, health and physical activity) by different independent organizations such as ISO?,
ISAK?, IEC3, CEN* or ASTM?®. In garment construction, there are also definitions provided by the
different patternmaking methods (Aldrich [1], Armstrong [3], Beazley [5]) However, there are
discrepancies among measurement definitions leading to, for instance, different definitions for
the same designations (e.g., waist girth). Even though body scanners are presented as
alternative measuring instruments in the latest versions of standard (ISO 8559-1:2017 [9]; ISO
7250-1:2017 [8]), for these applications, definitions are still based on manually palpated
landmarks and do not consider the particularities and advantages of the digital methods. This
means that each measuring software developer creates a different interpretation and
implementation of the same measurements and landmarks. To address this issue, new
standards have been recently released providing body measurements, landmarks, body part and
joint definitions from a natively digital perspective for digital fashion applications (ISO 18825-
1:2016 [10], ISO 18825-2:2016 [11]). Despite the fact that these standards constitute an
important step forward, these definitions are conceived to work with digital human models
rather than with actual body scans of people. Additionally, none of the previously mentioned
standards considers a procedure for defining new measurements, which is common practice
among body scanner and measuring software suppliers.

Regarding quality, in the case of manual measurements, the skill of measurer strongly affects
the reliability of manual measurements (Kouchi, et al. [17]); moreover, compatibility among
manual measurements is often compromised due to systematic errors between differently
skilled measurers. Analogously, in the case of digitally elicited measurements, the quality of the
3D scans has a strong influence on the reliability of measurements; moreover, the compatibility
among digital measurements is often compromised due to differences in the interpretation and
implementations of different measuring software.

The main benefit of 3D scanners is that they provide the whole surface of the body, i.e., 3D body
model, which cannot be provided by traditional anthropometry. The accuracy of the raw scan
point cloud (or surface) acquired by a body scan of a rigid object is also addressed by ISO 20685-
2:2015 [12] and by proprietary procedures developed by manufacturers. However, it is not
resolved for measuring living humans, which are soft and articulated. Moreover, the surface
manipulations along the processing pipeline from the raw scan to the 3D body model is neither
tracked nor quantified.

Within 3DBP initiative, the quality sub-group intends to provide methods, tools, benchmarks,
resources, and testing procedures to define and quantify the quality of 3D models, as well as the
quality of the critical metadata for use cases, such as body landmarks and measurements.
Quality quantification is intended to be part of the quality-related metadata, which will provide
complementary information about what the user receives and to what extent it is reliable,
accurate, and trustworthy. Among the different steps within the 3D body processing pipeline
(Figure 1), the sub-group is initially focused on (A) 3D scanning, (B) mesh surface reconstruction,

1 International Standards Organization

2 Internatoinal Society for the Advancement in Kinanthropometry
3 International Electrotechnical Comission

4 Commité Européen de Normalisation

5 American Society for the Advancement in Kinanthropometry
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(C) digital landmarking, and (D) digital measuring since they are the more relevant for the
considered use cases.

Mesh surface

Digital
Reconstruction Landmarking

T )

Digital

3D scannin .
€ Measuring

Color/texture

—
Mapping Rigging

¢

Soft Tlssue
Simulatlon

Figure 1: 3D Body Data Processing Pipeline (McDonald [20])

Within these four processes, the quality attributes considered so far are related to the following:

= Descriptive information about the process, e.g., scanner supplier, scanner specifications,
software version, scanning pose, or scanning attire.

= Qualitative descriptors and quantitative metrics for the processed 3D surfaces related to
noise, artifacts, redundancies, holes, smoothing, and surface reconstruction.

=  Reliability of body measuring software.

=  Compatibility of digital body measuring and landmarking to methods dependent upon
different digital software and/or traditional methods.

This white paper provides some examples of the role of measurements in 3DBP use cases as
well as discusses the current landscape of standards related to body measurements and
landmarks, and identifies the gaps not covered by them. Moreover, it provides a shortlist of
measurements and landmarks that will be used within the initial use cases considered by 3DBP
initiative; i.e., fit and size estimation, retail, clothing manufacturing, CAD tool developers, and
body model storage and service.

2. The role of landmarks and measurements in 3DBP applications

As noted in the first paper published by the 3DBP Industry Connections group [24], there are
different building blocks that can make up a 3DBP solution, such as the following:

Scanning or acquisition of the 3D surface data

3D Model generation

Landmarks and measurements (L&M) identification
Digitization of objects (e.g., clothing, furniture)
Aggregation of data from various sources
Processing and integration of the data
Presentation/display/output the results

@m0 o0 oW
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An application may contain all or some of the previous building blocks. (Each of the blocks were
described in detail in the first paper by the 3DBP group.) This paper focuses on landmarks and
measurements (L&M) identification. Within this block, L&M are estimated by software that
receives a body scan or a body model as an input. This software is not necessarily tightly
coupled to the model generation step and can run on body models regardless of the scanner
used to create them. Recognition and isolation of body parts may take place in this step as well.
Some restrictions may apply. For example, the code may be expecting the subject to be scanned
in a certain pose.

The following subsections give examples for how a 3DBP solution uses L&M. Implicit in the given
examples is the understanding that certain landmarks and measurements must be provided
with a model to make the use case possible.

CAD clothing design

The general procedure for constructing 3D garments with 3D-CAD software can be broken down
into the following steps:

1. Create patternsin 2D space

2. Position 2D-patterns around the 3D-body (avatar)
3. Virtually stitch of the 3D-pattern

4. Simulate garment

In step 1, the accuracy of landmarks is of vital importance since 2D-patterns are being drafted
based on the measurements/sizes of the target body to achieve a good fit. These measurements
(body lengths and depths) are based on landmarks, whose maximum allowable error between
extracted value and traditionally measured value should be within #5 mm (ISO 20685:2010
[12]). Body circumferences should be within £+ 4 mm to 9 mm.

In step 2, the landmarks on a 3D-avatar are used as reference locations for selecting
arrangement points around a 3D-body. The accuracy of landmark placement is less important if
the CAD software can drape clothing correctly over the avatar even when the initial positioning
of the clothing is not that accurate. Note that this applies only to certain CAD software; some
applications do require accurate landmark placement to provide good draping results.

CAD footwear design and fitting

Another example for the use of L&M is footwear fitting. The main concern is the positioning of
the foot while being scanned to achieve appropriate information. The foot can be in a fully
weighted state (standing with body weight on one foot, or full-weight bearing, FWB) or an
unweighted state (sitting or with foot in the air; or non-weight bearing, NWB). ISO/TS 19408 [15]
states that measurements should be taken in an evenly weighted position between the two feet
(half weight bearing, HWB). However, that may not be the best position for all use cases in
footwear, especially if the underside of the foot should not be compressed. The foot
measurements maximum allowable error between extracted value and traditionally measured
value should be within #2 mm (ISO 20685:2010 [12]). This is in the same order of magnitude as
the differences between the different weight-bearing conditions for different foot
measurements, which can range from 3-7 mm depending on the measurement (Houston, et al.
[6], Oladipo [21],Telfer and Woodburn [22], Tsung, et al. [23], Xiong, et al. [25]). Additional
critical factors affecting L&M include the following:
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=  Whether the foot is shod or unshod
=  Whether the foot is fleshy or bony, i.e., soft tissue
=  Whether the foot is wrapped, e.g., wearing a sock or in a cast

=  Whether the arch of the foot is raised or flattened, i.e., the windlass mechanism

3D CAD software for footwear design is different from CAD software for clothing design as the
whole process is based on the shoe last and not directly based on the human body. Shoe lasts
are not the 3D representation of the ideal foot that fits the shoe, but rather a constructive
component of shoe manufacturing. Shoe lasts are used to define the final shape of the shoes,
are impacted by the intended usage of the shoes, and are directly related to shoe fit. The use of
lasts for shoe development dictates two approaches for foot scanning. The foot is either
scanned with the intent of creating a last for product development or creating a model of the
foot for product fitting. Scanning to create a model for fitting is further complicated by the
dynamic change in foot shape with flexing and movement.

The shape of the shoe is not based on static criteria. Foot dynamics, inner structure, and soft
tissue wrapping/compression play an important role in shoe design and must be accounted for
in the foot scan.

3. Landscape of existing standards

Independent organizations such as ISO, ASTM, and ISAK have already developed standards that
are related to these topics, which cover partially the objectives of the 3DBP use cases. In
particular:

= |SO 8559-1:2017 [9] and ASTM D5219-15 [4] provide body measurement designations and
definitions for garment construction

= |SO 7250-1:2017 [4] provides body measurement designations definitions for ergonomic
design

= |SAK [7] provides body measurement designations and definitions for shape tracking in
health, sports and fitness

= |SO/TS 19408 [15] provides foot measurements designations and definitions

= |SO 18825-1 [10] and ISO 18825 2 [11] provide measurement and landmark definitions for
virtual models used in fashion applications

= SO 20685 [12] and ISO/DIS 20685-1 [13] provide 3D body scanning attire, compatibility
thresholds between traditional and digital body measurements

= |SO 20685-2 [14] provides testing and reporting procedures for spatial quality of
unanimated objects (sphere), as well as procedures for landmark repeatability of life-size
human dummies and determination of hidden areas.

This white paper focuses on the differences and gaps of the landmarks and measurements
mentioned in the standards shown in Figure 2 and Table 1. Any gaps in testing methods,
thresholds, reference values, and test bench datasets may be addressed in future white papers.
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Figure 2: Map of current coverage of existing standards and gaps to be covered by
the Quality Sub-group, McDonald [20]

Table 1 : Lists of reviewed standards

1SO 8559-1:2017 and ¢ Body measurement and landmarks definitions for garment
ASTM D5219-15 construction (traditional perspective)

* Body measurement and landmark definitions for ergonomic design

150 7250-1:2017 (traditional perspective)

ISAK * Body measurement definitions for health, sports and fitness
1SO 18825-1:2016 and *  Body measurement and landmark definitions for virtual models (digital
1SO 18825-2:2016 perspective)

* 3D body scanning attire
¢ Compatibility thresholds between traditional and digital
measurements

ISO 20685:2010
(1SO/DIS 20685-1)

* Procedures for evaluating spatial accuracy of 3D body scanners

* Procedures for landmarking repeatability of objects (life-size human
dummies)

* Reporting of hidden areas in 3D scanning of human bodies

1SO 20685-2:2015

Doctiiments

Copyright © 2018 IEEE. All rights reserved. .
Document Sharing Hub

Full document details: IEEE Industry Connections (IEEE-IC) Landmarks and Measurement Standards Comparison in 3D Body-model Processing


http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing
http://www.avadocuments.com/doc/ieee-industry-connections-ieee-ic-landmarks-and-measurement-standards-comparison-in-3d-body-model-processing

