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Foreword

I have had the good fortune t o ha\wahropanetry p a
days in 2010 when | travelled to New Zealand as a Canadian Defence Scientist to instruct on an
support the adoption of a multivariate cockpit accommodation methodology for RNZAF aircrew
selection. As this time, it was evident that he passtghe necessary passion and intellectual
curiosity that has led him to where he is today.

As Principal Investigator of the 2012 Canadian Forces Anthropometric Survey and Scientific Lead
on the development of anthropometry tools and models to suppQatiaelian Armed Forces, | have
al ways followed the mantra fiWe equip our sol
it is every important to provide current and representative anthropometric data to scientists an
decision makers within a nitdry organization to best inform the specification, design, development
and evaluation of military clothing, equipment platforms and workspaces.

Conducting a largscale anthropometric survey is a complex and challenging endeavour that
involves considetae investment in human and financial resourd@snsideringhis, Stephven and
his colleagues have compiled and presented a resource that provides an overview of the technic
methodological and logistic challenges that must be overcome to producinerpametric dataset
that meets the diverse requirements of the end user as well as satisfies industry and internation
interoperability requirements.

This eBook is a recommended resource for anyone considering conducting an anthropometri
survey involvhg measurement extraction from 3D body scanning technology, as it takes the readel
into the detailed considerations that are seldom addressed in other publications. Stephven and |
colleagues are to be commended for developing this accessible and canipbetigction to the
planning and implementation of anthropometric surveys.

Allan A. Keefe



Preface

Stephven Kolosand Patria Hume

Auckland University of Technology,E. Lindsay Carter Kinanthropometry Clinic and Archidew
Zealand

Emails:stephven.kolose@aut.ac; matria.hume@aut.ac.nz

What it is about?

This book describes how to conduct a lasgaleanthropometric survey in the military with a
specific focus on the New Zealand Defence Force Anthropometry Suflaesybook provides a
historical introduction to surface kinanthropomeart I) 3D scannig technologyPart 1) andan
overview of military anthropometry surveys RartlV. It also providesa description of the New
Zealand Defence Force (NZDRnthropometry survey irPart IV, conclusions in Part \and
concludes with themeasurement techniquerotocols and normative data for the NZDF
kinanthropometry survem PartVI.

While surface anthropometry has traditionally been used to assess body composition through th
internationally recognised methodology of the International Society for the Advancement of
Kinanthropometry (ISAK), the commercialisation of thidimensional pbtometry (3D scanning)
has led to the adoption of new and often-standardised, measurement techniques.

We detail standardisation procedures for 3D scanning in termgamicipant preparation,
equipment calibration, test protocols, data reporting @atd interpretation. We outline how 3D
scanning works, what it is used to measure, and what the issues are surrounding its validity
practicality, and reliability. This book provides an essential reference for practitioners wishing to
measure military phygue. We have not presentegiD assessmendata (i.e. surface manifold,
volumetric, symmetry or shape analysis)e have onlyextraced 1-D measures from 3D imagén
this eBook

Why did we write it?
The purpose of this book is to educate other rese@rele areplanningto conduct a largscale

anthropometric survey usingld3 body scanning technol ogy. Th
doctoral thesis that focusses on the implicationsDti®dy scanning technology on the New Zealand
Defence Forcelnit i al | vy, Stephvenbs interest in 3D a

Science Researcher for the Defence Technology Agency (DT# science and research branch of
the New Zealand Defence Force. In that role, Stephven was responsitdstiiog the 3D body
scannerand theplanning and implementation of the NZDF survey between 2013 and ZBikO.
study was the first, largest and the most comprehensi¥&sed anthropometric survey in New
Zealand. Therefore, in the absence of any foram@hropometric dataset of the New Zealand
population, it is hoped that theormative anthropometrydata will assist engineers, designers,
clothing, health practitioners, sports researchers, and human factors and ergonomics practitioners
both New Zealandnd abroad.

The biggest challenge with writing this book was identifying what content to present. Stephven
had seven years of documergedunpublished reporisll of which described an area of the study
in detail. Stephven, hi$hD supervision teapand hissenior mentor overseaecidedto develop
theseideas into this text.
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Stephvendés journey

My background is irthe fields ofpsychology ergonomicsand luman factorsin 2013, whilst
working for theNew Zealand Defence For¢dZDF) | was taskeavith plaming and implemenig
an anthropometric survey of NZDF personhghatinitially started as a smadicale data collection
for the NZ Army soon grew ta full-scale anthropometric survéyr all three services.

Back when | was studying ergonomics and human faaiotisropometry was neveny strongest
subject.l was naive becausalid notfully understad the importance of anthropometric dataour
everyday lives. | like many other peopdewed anthropometry and ergonomics as purely a tool for
designing furniture and workspacdsis soon begato changeOver several yeamsy appreciation
of the importance odinthropometry in the military grewhis wasshaped from mangolourful (and
sometimes passionateonversationsvith users and operatoi®m theNZDF and abroadEveryone
had something to sayith regards to thdit of their uniforms, safety equipmentweapon systems,
workshop equipmentand so forth.Back then my colleaguesand | were unableto help as no
anthropometric data of NZDF personnel existethe timeWithout this datawe woulduse overseas
data (e.g. UKrom BodySpacer Australian datpor design specific trials to captumathropometric
dataon multiple occasions. One, tp-date dataset wouldhge a lot of time and resources.

Over time | increased mynthropometriditeracy. | discoveredirst handthat anthropometrgan
make lives easiesafer,and more efficient. For example, anthropometric data can help design better
fitting body armour thatcan protexs ol di er 6 s vi tal organs. Il ncor
may result in pilots injuring their lower limbs during an emergencytiefgecA solider may have a
long-term lower limb injury due to incorrect fitting boots during a pack march. A sailor may have
trouble escaping through a hatch that has not been designed spedédidhyNZDF personnebody
type.There are so many apmitons of anthropometry in the militaloyit very fewpeople understood
its relevance, and even fewgossessed the knowledge to a) colleend b)apply it tosolve real
world problemsMy earlier views on anthropometry had now chand@gas buoyed by the fact that
we were making history for the NZDRs | hadmanygood friends in the NZDH alsofelt like this
survey was my way afhowing themmy support.

In 2013the NZDF purchased a 3D whole body laser scanner to assist with their data colldasion.
fuelled my passion for anthropometry x10Qtfaes scanner addedld ¢ 0 o | 6n miy earkt| spent

2 years learning about 3D body scannamglits application to athropometryWith this intentand

the need tamprovemy skills as an anthropometrist and researdhenmrolled intothe PhD program

at Auckland University of Technolog)AUT) Sports Performance Research Institute New Zealand
(SPRINZ)and trained as a ISAKccreditedcanthropometrist in 2018y working with NZDF, AUT,

and international military partnersve were able taesearch,design andcomplete the NZDF
anthropometngurvey, New Ze alargeschl&B anthroporsetric survap 2018

This bookrepresents my journey, several years in the making learning about 3D body scanners
anthropometry, and anthropometric surveillancéne military.It is hoped that i book will help
future researcher@nmilitary or academiaprepare othave an appreciation of the knowledge and
planning required to conductlargescaleanthropometricsurvey This book also represent®w
small military nations like New Zealarchn comluct surveys compared to larger and more -well
funded armed forces overseas.
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List of Abbreviations and Definitions

We have tried to avoid using abbreviations given it makes reading content harder for those
unfamiliar with physique assessmeme have provided a list of commonly used abbreviations in the
area to help readers.

3D ThreeDimensional

ADF Australian Defence Force

AUT Auckland University of Technology

AUT Auckland University of Technology

BMI Body-MassIndex

C2 Second Cervical Vertebra

CA Cluster Analysis

CAF Canadian Armed Forces

CART Classificationand Regression Tree

DOD HDBK Department of Defence Handbook

DSTG Defence Science and Technology Group

DTA Defence Technology Agency

ISAK International Society for The Advancement of Kinanthropometry
ISO International Standards Organization

NZA New Zealand Army

NZDF New Zealand Defence Force

NZDFAS New Zealand Defence Force Anthroporgedurvey
PCA Principal Component Analysis

PERSEL Personnel Selection

RNZAF Royal New Zealand Air Force

RNZN Royal New Zealand Navy

SPRINZ Sports Performance Research Institute of New Zealand
T2 Second Thoracic Vertebrae

TEM Technical Error of Measurement

UniSA University of South Australia
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PART | T AN OVERVIEW OF KINANTHROPOMETRY STANDARDS AND
PROTOCOLS

Stephven Kolos&Ratria HumeArthur Stewart

Preface

Traditionally, anthropometric data are captured physically by trained anthropometrists, using
various tools and in strichccordance with defined protocols. Thiart (1) briefly reviews the
literature on the key concepts of kinanthropometry and anthropometry. It also describes differen
physical measurement protocols and the advantages and disadvantages of traditiopainagiity.o
An understanding of these concepts is vital for leagge anthropometric survey planning, especially
since most surveys to date have relied largely on traditional anthropometric measurement.

Overview

There is no universally accepted protoawl threedimensional (3D) human body scanning. This
book has been produced as a call for international standards in 3D body scanning. Initial 3D bod
scanning protocols were lodged with the J.E. Lindsay Carter Anthropometry Archive ifil2014

Throughout this book, 3D body scanning is discussed as a tool that captures, measures, or recotr
anthropometric data. Thre&kmensional body scanning uses laser, light or irédchtechnologies to
determine surface anthropometry characteristics agdbhody volume, segment lengths and girths.
Body posture during scanning is important to ensure accurate measures can be made from the sc
images. The images vary depending on the configuration, resolution, and accuracy of the scanner.

Scanning technofjy is expensive given the hardware and software required, and only provides
surface anthropometry characteristics. For physique assessment including estimates of boc
composition, body size, and shape, the International Society for the Advancement of
Kinanthropometry (ISAK) protocols should be followed. The advantages of the ISAK surface
anthropometry methods are that assessments take approximately 10 minutes for a restricted profil
up to 40 minutes for a full profile, and the equipment is readily avajl&ss expensive, and easily
calibrated. The ISAK methods are valid and reliable if ISAK training is undertaken to ensure correct
landmarking is performed.

Keywords

Kinanthropometry; Anthropometry; Measurements; Protocols; Ttireensional; Body
scanning; Body volume; Segment lengths; Girths; Laser; Technologies; Shape; Body posture
Images; Configuration; Resolution; Accuracy; Scannéthysique; Equipment; Caliper;
Landmarking;Skinfolds; Girths, Breadth§ircumference; Profile; International standard.

20



Introduction

What is Kinanthropometry and Anthropometry?

Kinanthropometry is the study of human size, shape, proportion, composition, maturation, anc
gross function. The term is named from the Greek rootsvkinein (to move), anthropos (human)
and metrikos (the act of measuring]2]. Anthropometry is part of the field known as

kinanthrom me t r vy , which can be defined as: AThe &
anthropometric measures in relation to other scientific parameters and/or thematic areas such
human movement, physiold3y or applied health
Apioneer of anthropometry, Quitelet in 187C

man to provide bettefr i t t i ng uni forms for Napoleonds arm
recognized scientific discipline. Today a more contemporaryndeft i on of anThér op
scientific procedures and processes of acquiring surface anatomical dimensional measurements suc
as lengths, breadths, girths and skinfolds of the human body by means of specialist eq{#pment

Anthropometry is associated with measurements of body size, shape, strength, mobility,
flexibility, working capacity[4] and the study of body dimensions (e.g. lengths, breadths, girths
skinfolds) that utilize surface landmarks for referefide Anthropometry is used in the design of
vehicles, worksites, equipment, aircraft cockpits, clothifj, sports science and ergonomjcs.
Anthropometric data provide designers with the physical and functional characteristics of potential
endusers which can be apptl to many design solutions. Poor quality, or a lack of anthropometric
data, can result in failure to accommodate individuals in the workptarstomer dissatisfaction, and
may lead to discomfort, accidents and inj[8}

Measurements

Anthropopmetric data comes in marigrms that include onetwo- and threedimensional data
(Figure 1). Onedimensional (1D) data is identified easily as there is only one number (edg., bo
height = 1670 mm[8]. Onedimensional data are often captured using traditional anthropometry or
6directdé6 measurements obtained by a skilled
tools such as tapes, callipers, or a stadiometer-dimensional (2D) anthropostry data have two
dimensions (i.e. x and y) which can be extracted from ediwensional source such as a photograph.
Digital photogrammetry is a method of measuring limb segment dimensions from [gofidaee
dimensional (3D) anthropometric data have three dimensions (i.e. X, y, z) which can be extracte
from a 3D body scanngtO].

Figure 1. [Left to right] Examples of length measurements using 1D (Raslglen length), 2D or
photographbased anthropometry (Acromiatadiale length, radialestylion length and hand length) and 3D
(acromialeradiale length) data collection methods. Centh®{ courtesy dflellow, Hume [9]
The three types of anthropometdata rely on several important factors. The measures are
acquired by skilled anthropometrists who are trained to use specialised equipment. All participant:
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must be minimally clothed or wear tight fitting garments. Most measurements require the location
and placement of bone landmarks (especially for segment lengths). Measurements are genera
conducted on one side of the body because fat patterning is largely symmetrical within measuremel
precision, however, muscle development can show marked asymesgecially in the upper limb.

The survey purpose may require both, left, right, preferred, ofpreferred limb sides to be
measured.

Measurement protocol

An anthropometric protocol or measurement profile (also referred to as a landmark profile) refers
to instructions or guidelines on how to conduct anthropometric measurements. There are man
anthropometric protocols in use today, each having bony landiteslaad measurement definitions
[5]. The most wetknown civilian and military protocols are:

Military Handbook: Anthropometry of the U.S. Military Personfidl]
International Society for the Advancement of Kinanthropometry (ISAE)
Civilian American and Eugmean Surface Anthropometry Resource (CAESHR])
National Health and Nutrition Examination Survey (NHANEB)]

ISO 7250 standard 5]

US Army Anthropometry Survey (ANSUR)6].

E

We describe ntitary anthropometry protocols and measurements later in this book. Despite the
number of protocols there is no déuniversal e
as many existing protocols differ with respect to measurement and landmaitkology, definition,
and implementation. For example, measurements such as height are also known as stature, sitti
height can also be called seated height, and weight is also referred to as body mass. Stature can
O0stretchedd, vfithe mangibleaby ttie neasarer,twhichminimises diurnal height
loss, or not stretched. Chest girth (or circumference) is defined by some protocols as the
circumference around the scye or arm@®ESAR) or at the level of the thelion or nipple (for males)
(ANSUR and ISO 7250)Higure 2). Chest circumference measurements can vary with the ISAK
protocoli chest girth is recorded at etidal (fully exhaled beath) while other protocold.2] take
the maximum circumference value.
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Figure 2. Differences in chest circumference (top) definitions when taken at the level of the SEEAR

or nipple (ANSUR and ISO 7250). Waist girth (bottom) is taken at the level of the narrowest point of the
waist between the lower costal (10th rib) border and the iliac crest in [$2]K at the point of the
uppermost lateral border of the right ilium (in line with the midaxillary plane) in NHANEBand the level
of the Omphallion (navel) in ANSUR7].

Protocols such as ISAK and ISO 7250 are examples of internationally recogniseeqlatend
anthropometc standards. However, a large proportion of the ISAK and ISO 7250 measurements
(based on the civilian population) do not feature in various military anthropometry survey protocols
such as ANSUR and vieeersa. The same can be said for measurements be®Aerfwith origins
in the field of human biology sport and exercise science) and 1ISO 7250 (an ergeaoneritsed
protocol). For example, ISAK does not include ISO 7250 measurements such as popliteal height an
elbow height which are critical to ergonm® workstation desigf8]. Furthermore, the same issue
of ambiguity of measurement names, landmarks and definitions persist. The differences betwee
various protocols measurement terminology or definitions are likely discipline related.

Literature comparing existgnanthropometric measurement protocols and standards is limited.
Researchers have provided commentary on how future anthropometric protocols should be theorise
written, i mpl emented and shared. The Dbook
languay e[D9] provides a Generalised Anthropometric Language (GAL) mechanism by which future
protocols should be designed. It was recommended that the GAL would entail landmarks being
defined by using a description of anatomical terms and sites, and a combination of disneosiidn
make up an anthropometric protocol. It was envisaged that the GAL would help establish links
between protocols and therefore between studies. Adeéhed GAL with syntactic rules would
help instruct researchers to refine and explicitly recoett tiechniques. It would also decrease the
incompatibility and confusion that exists between researchers using different anthropometric
protocols. We support this approach and have therefore produced this book as a call for internation
standards in 3D laty scanning.

Traditional anthropometry standards and protocols

This next section discusses the most widely used traditional anthropometric measurement an
landmarking protocols and standards for measuring civilians (i.e. military anthropometric protocols
are covered in a later section).
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The International Society for the Advancement of Kinanthropometry (ISAK)

The International Society for the Advancement of Kinanthropometry was formed in 1986 by
experts in the fields of sport, exercise science and humérghiseeking methods to standardise
practice. This was a collective effort to limit vague andldfined definitions of previous protocols
which did not allow for exact landmark location, delineation and a systematic approach to quality
control[20].

The ISAK scheme became highly popular due to (at the time) several innovative features. Fol
example, ISAK was one of the first schemes to introduce a teaching and practice structure based ¢
a 4level hierarby of practitioner licensing, based on competency as assessed by a practical exam
As part of this process all measurers were required to pass error control targets in terms c
reproducibility in a standardised settif]. While other schemes focus on the reproducibility of
measurers within a si ngimeasutemaand istrme¢asurenrgliability h e
protocols enabled comparisons of measurers across different lab settings. The ISAKsheme
strict focus on identifying landmarks consistently and accurately to enable accurate measurement
ISAK was one of the first schemes to utilise raw data scores (as opposed to conversion into % fz
values) as a result of strict protocol definitiom&l ajuality assurance of individual measui2g).
Compared to other anthropometric protocols, ISAK is very descriptive and is specific with regards to
measurer, client and equipment positioning and recgrdihe accreditation or license period is 4
years plus an additional 6 months aside for levels 2 to 4 to complete their 20 practical profiles. The
extension period is only 4 months for level 1 students to complete their profiles (as their profiles
containless measurements).

There are some disadvantages with the ISAK system. For example, measurers with little to nc
background in human biology may struggle with the anatomical terminology and the identification
of landmark sites. The teachistyucture in level 1 (beginner level) provides theory and practical
sessions to ensure adequate understanding of anatomical bony locations and performance
measurements based on the landmarks. Success during the course comes down to practical experie
and a firm grasp of terminology and fundamental skills.

Courses can be perceived as costly given the need for the limited number of ISAK level 3 or 4
instructors to travel for delivering courses. There is a substantial cost s$ogith purchasing
anthropometry equipment for a full profile set of measurements. The standard anthropometry ki
consists of small and large bone callipers, small and large sliding callipers, a segmometer, skin fol
callipers and a metal girth tapEigure 3). Weight scales, anthropometry box and stadiometers are
purchased at additional cost to the standard anthropometry Kit.
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Figure 4. Boney landmarks used to help identify measurements in the full ISAK level 2, 3 and 4 profile.

The ISAK protocol consists of restricted (18 measurements taught in the level 1 course) and ful
(43 measurements taught in the level 2 course) prdflEs Both profiles consist of basic (mass,
stature and sitting height, arm span), skinfolds (triceps, subscapular, bicep, iliac crest, supraspinal
abdominal, front thigh and medial calf), girths (arm flexed and tensed; waisalghutd calf), and
breadths (humerus and femur). The additional measures in the full profile include girths (head, neck
forearm, wrist, chest, thigbluteal, midthigh, ankle), breadths (biacromial, biiliocristal;dtyloid,
transverse chest, anterposterior chest, anteriggosterior abdominal), lengths (acromiassliale,
radialestylion, midstyliordactylion, trochanterictibiale laterale, tibiale mediaigphyrion tibiale,
foot) and heights (iliospinale, trochanterion, tibiale laterale). The ISAKpfofile consists of 12
bony landmarks that are used to assist the measurement pkigass4).

Currently there is no publicly available datab&sen ISAK that is accessible for comparison of
body composition data.
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Civilian American and European Surface Anthropometry Resource (CAESAR)

CAESAR was the first 3D wholbody surface anthropometry survgg?] of three civilian
populations (United States of America, the Netherlands and Italy) conducted by the U.S. Air Force
Syntronics Inc, the Netherlands Organization for Applied Scientific Research (TNO) and a
consortium of companies under the Society of Mmdtive Engineers (SAHR3].

The CAESAR database consists of approximately 12,000 body scan images taken between 19¢
and 2000 of over 4,000 men and women, age€d38covering various weights, ethnicogps,
geographic regions, and so@oonomic status.

World Anthropometry Engineering Report (WEAR)

The WEAR webportal was set up by experts in engineering anthropology to unify 145
anthropometric databases across 10 countries and six confi¥gniEhe webbased database of 3D
size, shape, fit and performargata is maintained by members of the WEAR organis§&dh

The WEAR database includes 250,000 participants (men, waneérchildren, from civilian and
military populations) with approximately 50 traditional anthropometric dimensions collected on each
individual making over 12 million individual datum. Datasets date from the 1950s, with most post
1970, and more than 20 ¢pr datasets collected pd€990[24].

The WEAR portal coratins checklists for measurement validity (sampling, subject population, and
secular change), comparability (definition of measurements), and accuracy (before, during, and afte
measurement capture), lessons learned, fit and accommodation maps, humamd s&reapee
information, 3D visualisation, statistical analysis tools and fit prediction models.

International Standards Organization (ISO)

The International Standards Organization describe anthropometric measurements, instrument
standard postures, clotiyg, and measurer training. ISO guidelines enable practitioners (especially
ergonomists) to apply their knowledge to the geometric design of workplaces, tools, apparel and ti
enable comparison of anthropometric data from different international populfgjnExample
ISO stawlards with respect to anthropometry include:

Tl SO 15535 2012 Gener al requirements for e
general requirements for establishing anthropometric databases, their associated reports at
measurements taken iaccordance with ISO 7280 It provides information such as
characteristics of the user population, sampling methods, measurement items and statistics,
make international comparison possible across various populations.

T Al SO -1I7r 20570Basic human body measurements for technological desigrt 1: Body
measur ement def i nsertesasalmsisfarektractiagroaledtaadinaensional
measurements from threimensional scans (specified in ISO 20685)rhivides guidance on
how to take anthropometric measurements and gives information to the ergonomist and designe
on the anatomical and anthropometrical bases and principles of measurement, which are applie
to design tasks. The standard is intended todeel in conjunction with national or international
regulations or agreements to ensure coherence in defining population groups and to allov
comparison of anthropometric data among member samples.

Advantages and disadvantages of traditional anthropometry

The advantage of traditional anthropometric protocols such as ISAK, ISO and CAESAR are that
they have been developed by experts in the field. The protocols have been refined over time t
increase accuracy and establish competency and efficiency whenaalingcording measurements
(for instance the technical error of measurement).
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Traditional methods use measurement equipment that is easy to transport. Although the equipme
can vary in design and build quality, accurate measurements can be obtained if the equipment
routinely maintained and calibrated, and the measurer is s&iti@é@xperienced in its use.

Traditional measurements require only enough space (e.g. a small office) to enable the participat
and measurement technician to complete the anthropometric profile. The traditional anthropometris
IS trained to utilise varias structural features of a room to make measurements efficient. For example,

utilizing the corners of a room as a Ozerod
measurements (e.g. buttock to heel) can be made with the participant sitting @gaihsThe room
ceiling can be used to conduct standing arm

location of windows or doors can influence how the anthropometrist sets up the equipment, or the
order in which to take body measurementsl daandmarking. Whatever the environment, it is
important that measurements can be made consistently with minimal changes between setting
Although the precise protocols are robust the timing is flexible.

With international accreditations like ISAK, aedited anthropometrists are trained to identify,
implement, and record measurements consistently. This ensures that measurements are acquirec
the same way with confidence.

There are, however, disadvantages of traditional anthropometry. Measureamebésstibjective
[27] and susceptible to human error. The experiepgpectations, training, and accuracy of the
measurer can influence the resyf28]. Traditional measurements are subject to observer error in
landmark location, participant positioning and instrument applicaf$is

Traditional measurement surveys are also expenw plan and condudb]. Costs include
equipment hire or purchase, booking of the testing location, accommodation facilities and travel.
Costs will vary depending on the sample size required, the number of landmarks and measuremer
required, and the availability and locality of participants and measurement personnel.

Despite the precision of a skilled anthropometrist, the use of traditional measurement tools tc
obtain measurements is time consuming (e.g. 40 minutes for a full profil@} &ntes, invasive for
the participan{30]. Equipment has varying levels of precision with Harpenden skinfold callipers
(Figureb) enabling readings to 0.1 mm versus 0.5 mm for SlimGuide skinfold calliperks Jioch
as the tapdéased segmomet@Figure5) can be fragile and bend or break after prolonged use: Tool
related maintenance tasks are required such as checkingssfmailgproperties may change with
time or be affected by contaminants, including rust), lubrication of joints, bolt, or screw tightness.
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Figure 5. Differences in Harpenden and Slim guide skinfold callipers arekample of a broken
segmometer.

The high variability in intra and integbserver traditional measuremef®d] is increased for
atypical body typef32, 33] For example, in a study of intebdominal bleedin§B34] there was a 6
cm difference in patient waist girth measurements across 10 measurersbsaerer variability
using traditional measurements of thigh girth has been reported as 8.27%if#@nak)[35]. This
contrasted witkerrors of 0.20.5 cm reported for the same measurenizZ®it 36, 37] To minimise
these errors, protocols such as ISAK suggest using multiple measurements witttioal@dlthe
mean or median. The differences between measurements must lie within an acceptable measurem
limit depending on the type of measurement performed. In ISAK, these limits are <5% for skinfolds
and <1% for all other measurements (e.g. breadtttbs, and lengths). Furthermore, the real virtue
in tight error control is to become capable of detecting small changes in measurements which are re:
The main disadvantage of taking multiple measurements is that it is time con$2&)i8g40].

Traditional anthropometric protocols, while providing good accuracy for linear and circumference
measurements, provides limited information for volume, area, body size and28sp@, 41] The
use of anthropometry has stagndi?] with static or onalimensional measures. While the Whole
Body Surface Area (WBSA) equati¢#3] was based on one dimensional measurements, the three
dimensions of the body should be measured using techniques that proviegirttersional outputs
[30].

Summay

Kinanthropometry is a scientific field that
measurements conducted by experienced anthropometrists. No universal anthropometric protoc
exists as many disciplines such as ergonomics, sports sc@aothing design, and manufacturing
have developed their own set of standards targeted to their own industry. Traditional methods hav
been tested, validated, and quantified to a point where measurement skills are taught international
to practitioners. Despite their historical success in many larggale surveys, traditional
anthropometric measures do possess shortcomings, many of which can be addressed with mode
day technologyPart Il of this book outlinethe advantages and disadvantages of 3y soenning
and the implications for kinanthropometry.
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PART Il T AN OVERVIEW OF 3D BODY SCANNING TECHNOLOGY

Stephven Kolose, Patria Hume, Arthur Stewart, Grant Tomkinson

Preface

PART | described the key concepts of traditional anthropometric measurement. While this methoc
has remained the 6gold standarddé for popul at
emerged that has the potential to revolutionise the way anthropordata are measured. The
purpose ofPART Il was to introduce 3D body scanning by focusing on different scanning
technologies, 3D measurement validity, its applications, and a summary of the potential challenges
Knowing the strengths and limitations d¢iig technology is crucial for 3D anthropometric survey
planning.

Overview

Throughout this book, 3D body scanning is discussed as a tool that captures anthropometric dat
This Part (Il) summarises what 3D body scanners are, the applications, typesyoSdathing
systems, associated software, validity, reliability, and challenges.

Keywords
3D body scanning, scanning applications, laser line, structured light, reliability, scan processing.
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Introduction

What is 3D bodyscanning?

A whole-body scanner is an optical 3D measuring system that produces a digital copy of the
surface geometry of the human body. The purpose of the 3D scan is to capture an outside surface
the body using optical techniques in tandem with lighisgive devices without the need to touch the
body.

Commercially made fulbody 3D body scanners were available since the late J99DsThey
were initially made for anthropometric research, the clothing industry (individual and tailored
clothing) [45], the entertainment industry (special effects in movies), computer animation and
medicine (e.g. prosthetics and plastic surgery) all with the perpbsheasuring the human body
[46]. As the technology developed, it was used by western countries for systematic anthropometri
population measurement for clothing and textile design. Current 3D body scanning systems, designe
by different manufacturers, differ in theumber (and quality) of cameras, scanning range, light
sources, and also in the sophistication of the accompanying computer programs used for visualizatic
and measurement analyf2s].

Why Measure Physique Using 3D Scanning?

The introduction of 3D scanning reduced the need to have consistent physical contact with the
body. However, surface markers can be placed on the lsoBfeaence points to checkcanners
vastly increase the range of possible measurements and create a permanent record of body size :
shape that can be archived and revisitthi s 1 s advantageous for t
measurements such agtoh height (where some anthropometric protocols require the measurer to
place an anthropometer on the infedl@teral aspect of the male genitalia). Even if participants are
scanned in tight fitting garments, the measurements can still incur a systeiamtic

The availability of 3D whole body scanners provides the ability to take rapid simultaneous
measurements, and automated data extraction and analysis. It has the potential to revolutionise surfz
anthropometry47]. With these new capabilities, it is possible to easily quantify dimensions such as
projected frontal areas, limb volumes, limb crgsstional areas, and abdominal crssstions and
volumes. It is also possible to quantitatively describe shapes and steapes. The main driver
behind 3D scanner development has been the apparel industry. The technology can enable t
possibility of creating garments on demand, tailored to optimize fit for each individual.

Threedimensional body scanning has synergies with human factors, where humanoid manikins
can be rescaled using the extracted measurements and animated to perform specific tasks and
interact with the built environment. For example, using 3D manikiesngineering software suites
such as SolidWorks®© (Dassault Systems, Véliifacoublay, France). These techniques are already
being employed in military research and in the design of transportation and operator wofksflaces

Applications

Clothing and apparel

The clothing and apparel industry invest heavily in the development and improvement of 3D body
scanning technologyue to its many implications. For example, 3D body scanning can be used to
record many clothing measurements such as sleeseamm and waist girth§48, 49] The
measurements can then be matched to existing clothing size characteristics, allowing clothing
manufacturers and retail outlets to choose appropriate inventories for their target popt8ad&h
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Health and medical

The health and medical sector regularly use 3D scanning and modelling technology. The 3D scannt
can be used tareate implants, gloves, body shape, and prosthé&@jsholograms for human body
imaging and garmemwteation51];det ect i ng scol i osis in patient
to detect anomalig52-54]. Body scanning technology is useful for measuring body surfac¢siea

56] which is useful for determining dosages of many drugs (e.g. anticance{®f{j)gshe design of
restraints[58] and developing shape indexes to monitor secular trends in body shape and limb
volumes[59].

Ergonomics and human factors

The use of 3D body scanners is widely used in the field of ergonomics araoh fiactors. Body
scan images can be imported, via human modelling programs, into virtual environments which have
been scanned or created in compiatesisted design (CAD) applications, or in hybrid environments.
With appropriate motion capture or task dggons, the virtual bodies can be animated to perform
specific tasks in a naturalistic way in a digital environnjé@}. The user can also simulate whether
the actions or tasks can lead to physical injury due to working in uncomfortable or awkward postures
Examples of popular DHM software are CATIA Human Builder (v5, Dassault Sysiéshgy-
Villacoublay, Francg JACK (SIEMENS, Munich, Germany), V5 HUMAN and Realistic
Anthropological Mathematical System for Interior comfort Simulation (RAMSIS, Human Solutions,
Kaiserlauten, Genany)[61].

Sports science

Previous studies have shown that 3D body scanning is a useful tool in sports science research. T
technology enables researchéo take multiple measurements of a larger number of athletes at any
given time[30, 62] befare various sports events. It also helps sports and exercise scientists to
understand the physique specialisation for specific sports.

Other sports applications exist. For example, body scanners have been used to assess princi|
moments of inertia in gk athletes from gymnastics to ski jump[68,64] i nvesti gat e
breast area measurements change, when weammgression sports bras during runri®gj, inform
3D design and development of swimav [66], develop sizing systems for football boots in the
National Football League (NFUP7] and assess performance errors in a golf s\88 It is also
possible to quantify dimensions such as projected frangals (a critical factor in aerodynamic sports
such as cycling and skiin@P], limb volumes (which are strong predictors of sprint performance),
limb crosssectional areas (proportional to strength), abdominal crossections and volumes
(predictors of risk of diabetes and cardiovascular di§e@Rg71, 72] It is possible to quantitatively
describeshapes (and hence facilitate garment and equipment design) and shape changes (and her
describe what happens to the body during dietary and exercise intervefngjns)

3-D body scanners

Typically, 3D whole body scanners consist of at least one light source that projects a line or patter
ontote participantsdé6 body. Cameras record the
the light source and camera both move in tandem (vertically) on the scanner pole. The images a
then processed by computer software that is specifically designanalyse the depth structure of
the body surfaceFigure 6). There are five common types of body scanners: laser line, structured
pattern, multiview camera systems, millimetre wave systems and infrared systems. Each of thes
systems are discussed belo
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Figure 6. Typical layout of a 3D body scanner. The light source and camera are both mounted on a pole
system. This is an example of a laser line system.

Laser line systems

Laserbased scanners use class 1 (eye safeiomiging) lasers to project light in an array beam
onto the body surface from different sides. Multiple digital cameras capture the position of the
projected light and software reconstructs the body contour of the acquired image via a mathematic:
algorithm whch is based on triangulation. The systemptures a series of surface points (typically
between 700,000 and 1,000,000) with Cartesian coordinates.

Most systems house the sensor (laser) and cameras in four columns which are synchronized
scan the body from hedd-toe[47]. The column system is then enclosed in a curtain or fabric area
for participant privacy.

The most popular laser line systems areW#X or WB4 (Cyberware, California. U.S.)itus
Smart XXL(Human Solutions Ltd, Kaiserlauten, Germany) andBbdyline Scannef{Hamamatsu
Photonics, Hamamatsu, Japan) systems. The Cyberware WBX system shows good reliability an
notably used in the movie industry as well as the Civilian American And European Surface
Anthropometry Resource (CAESAR) survey which is ofesgarded as the first and largest civilian
anthropometry survey to dgté4].

The Vitus Smart XXL system is made in Germany and advertised@sadle device containing
4 poles (each with a laser scanning unit). These systems are often used in the Garment industry
are also used extensively by the US, Canadian, Australian and New Zealand Defence Forces.

Structured light

A cheaper alternatevto laser scanning is whiight scanning. This technology is based on the
use of projectors. They project a sequence of wigte stripes consisting of dots, bars, or any other
light patterns on to the participant. The light pattern deforms assitdialthe body, and the resulting
deformation is captured via cameras.

Structured light scanning systems are generally faster than laser line systems but take longer
process or extract measuremgd; 75] The laser line system could also be considered a structured
light pattern, but it has a strong time component because of its line sweep and therefore consider
as a different class of light system. Comparedsei line, structured light systems have less moving
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parts which increases the life cycle of the scanning system while also being safer for the participar
[76] and more portable.

Some scanners in this category are fully automatic and autonomous. For exanibkel @@ C2,
North Carolina, U.S.) system can be operated by the participant or person inside the scanner wt
presses a button located on holding levers inside the scanning cabin. Recorded messages and Vi
presentations inside the cabin give additional inforomaind instruction$77]. The TC?2 system
utilises multiple optical lenses to produce a 3D surface geometry of the body. It can scan the whol
body in approximately 8 seconds and produceshbdly measuremen|27].

The Triform or TriBodyE  ( Wi ¢ k s  &Cnodley\@bnpang, tHampshire, UK) uses white
light to capture the 3D scan data in 12 seconds using 8 camera views. Multiple stripes of white ligh
are used to capture the 3D shape of the participant. The light contains no visibleseaigsplaother
radiation. The resulting images are analysed automatically using the TriBody software that produce
a 3D point cloud model containing approximately 1.5 million Cartesian (XYZrdmates[27].

Other popular models include the Mephisto-pX and Gotcha systems (4ddynamics, Antwerp,
Belgium), 3DMegaCapturor Il (InSpeck 3D, Montreal, Canad&artesian(SpaceVision, Tokyo,
Japan) andbYMCAD(TELMAT, France) systems. More recent models include the Size Stream®
(TAL Group, North Carolina, US), Fit3® (Fit3D, Inc, California, US), the harfteld portable Artec

L scanner (Artec Group, Luxembourg) and the hdrased Naked Labs® Scanner (Naked Labs, San
Francisco, US).

Multi -view cameras

Multi-view systems produce a 3D image that is acquired from two or more cameras. A stereo
camera records two images at the saime from a different viewpoint. Next, sophisticated matching
algorithms determine corresponding points in the two images to compute their 3D coordinates
resulting in a dense 3D points clo[®¥]. The advantage of a stereamera system is that no laser
line or light pattern is transmitted, and no sunlight or extraneous light artefacts can disrupt the patterr
However, using the line or patterns enables a 3D image with higher resolutiaccamacy[76, 78]

An example of a system that uses this technolo§jeis 8(3dMDbody, Atlanta, U.S.).

Millimetre wave

This class of body scanning technology is likeay machines found at varioagports around
the world. For increased privacy, the participants are not required to remove any clothing.

Active scanners use the reflection patterns of millimetre waves that have been projected on th
body[76, 78] The ultrahigh frequency radio waves penetrate participants clothing, reflects off the
body, and are then collected by a transceiver and proc§ggpdPassive scanners process the
millimetre (or radiation) waves that are emitted by the human[8&jr78] Millimetre waves pass
through most clothing ensembles but not the skin. Thus, the shape of the body can be captured withc
undressing. Thisfters an advantage in time and effort, but may introduce an ethical problem because
of the explicit nature of the resultant image which views the body as h&kerB]

Infrared depth sensing technology

Infrared (otherwise termed as depth sensing) body scanners use nonvisible wavelengths. Thi
technology is relatively new compared to previous body scanner models. Some infrared system
utilise what is known as O0Ti me Hafanikflaredydytakes t e
to travel to the nearest object in its field of view, and back to its sef®#oiT his technology is more
cost effective and portable compared to other scanners. Research suggests that this technology is
as accurate as larger, more expensive fixed scajdgrsiowever, models such as the recent Styku®
S100 (Styku, Los Angeles, US) model demonstrated nearly perfect reliability with negligible
systematic and random errors in a recent sfddly The earliest (and most recognisable) form of this
technology is the Microsoft Kinect sensar the Microsoft Xbox console (Microsoft Corporation,
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Redmond, WA, us) . The technol og yendissartghanesrf@a nt |
taking dept,s ensi ng phot ographs. For exampl e, por
background while acecguating the image of the object in focus.

Measurement extraction software

In addition to the hardware required to capture 3D scans, there must also be software dedicate
than can interpret and extract body measurements. Some of the more commonly used systems
Cy ber whigiSzé s He aQylize @anual digital extraction) Higure 7) , Ha ma mat
BodyLine Manager (discontinued) a n d H u maScan®orXotfarsibatmnsaduadigital and
automatiedigital extraction). Thesprograms can extract a large number of traditional measurements
based on a known landmarking system or algorif@fy 48] These types of software can also
measure contour distances, crgsstional areas, surface areas and volyB@®s

Figure7. H e &ySiremudput. Landmarks are placed physically, then identified and labelled digitally.

Like traditional anthropometry, 3D body scanning measurement extraction software requires
landmarking. It would be sensible for abftware to have a universal standard for identifying
landmarks. Unfortunately, this is not the case as most software suites use differedefnat
landmarkq21].

With regards to measurement extraction software, manufacturers may provide information abou
6what é | andmarking systems they use, but t he
in line with those stadards remain unclear due to commercial sensitivities. For example, the
measurements in the automatic measurement function vBtanWorX(Figure 8) is based on a
combination of ISO 7250:2010 and ISO 8559:1989 standards. Unfortunately, there is no validatior
research available assessing how well this software performs these measuremieait$ody types
provide optimal landmark recognition and measurement accuracy.
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Figure 8. ScanWorX (Anthroscan) output showing the automatic measurement function.

Whatever system is used, it is imperative that the softwameidentify landmarks correctly.
According toBuxton, Dekker [81]andmarks can be identified in three ways:

1 Automatic landmark recognition (ALR) this refers to extraction without human intervention
using two methods:

a. Template matching The software creates a basenplate with all known measurements
marked out. The template is then deformed to match the scan data. The system then extrac
the XYZ coordinates of the known measurements.

b. Curvature matching The software detects known measurements based on surépee h
area of the scan is isolated then a search is performed to identify a point based on slopes at
gradients.

1 Digital landmark recognition (DLR) this refers to a user identifying locations and placing
landmarks on the completed scan.

1 Physical landmark recognition (PLR)the user places landmarks (adhesive balsa triangles or
reflective discs) on the participant before they are scanned. Using colour and texture recognitiot
capabilities, the software can automatically identify thesenteamnkis in XYZ space. The software
can also be programmed to 6zone ind on sp
landmarks (e.g., zoom in on all objects that are 30 mm in diameter).

Validity

Many studies have investigated the reliability and/diditg of scanderived measurements
compared to more traditional (e.g. ISAK) systems. Body scanners have been shown to measure bo
volumes, circumferences and lengths more rapidly and accurately than traditional tecf8#fjues
Jaeschke, Steinbrecher [8d8]scovered strong correlations between automatic and traditional
measurements for body height; however, the a
other measurement&hoi and Ashdown [84flemonstrated that automatierived measurements
provided significantly larger values using traditional measurements for waist circumference.
However, the differences in waist circumferenceyba the result of skin compression experienced
during the traditional measuremef@8]. Wells, Treleaven [40found that traditional measurements
were more accurate at predicting buttock girth and hip girth, i@tdek, Vogel [59]found that body
height,waist, upper arm, calf aridp circumfeenceshowed high validity for both traditional and
body scanner method&hang, Zkeng [85]compared measurements obtained from thellXTC
scanner with the equivalent tape measurements for thammigthigh, and ankle circumferences. All
showed relatively high correlations (0.89, 0.90, and 0.93, respectively).
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Wells, Stockg86] compared the NXL6 (TC® scanner) with traditional measurements for chest,
waist girth, waist width, waist depth, knee girth and calf girth on 1,484 children. All traditional
measurements were successful, but the 3D scans were successful in%6rdf thé children. The
unsuccessful scans were attributed to body movement (inside the scanner during scanning) or the la
of calibration at the start of each data collection [3&Y.

The accuracy of the body scanned measurements can be influenpestégural and postural
issues. For exampl&uehnapfel, Ahnert [87pbserved systematic differences for body height, waist
girth and hip girth measurements. This was attributed to measurement errors with regards ti
participant posture and movement artefdats Wang [88ffound that scanning participants with their
palms facing backwards reduced the differences betweerdscaed measurements and equivalent
traditional measurementsu and Wang [89&lso found that that the scderived measurements can
achieve satisfactory accuracy and precision if the variation caused by the participants scan posture
controlled. Adding supporting devices within the scanner helped ensurerticgopat maintained a
consistent posture during the scan. The anthropometrist should be skilled in posturing the participar
and prompting the participants with regards to breathing during the scan (e.g. hold their breath).

Challenges

The following will discuss several shortcomings of 3D body scanning with respect to collecting
anthropometric data.

Cost

Compared to traditional techniques, body scanning systems are expensive. The costs of variol
scanning systems in 2013 ranged from US$10,000 to US$24[F,6P0n comparison, a standard
Anthropometry kit cost US$1,539 (e.g. RossCraft Centurion Kit
http://www.thehumansolution.com/centuriit. html).

Identification of bone landmarks

Some landmarks will not show on digital scans as they may be obscured by skin, adjacent limbs
and superficial tissue. Exaheg are the acromion and the tibiale laterale, particularly in participants
with significant muscular build. To help with identification, bone landmarks stickers or specialised
markers are placed on the selected site to aid in post scan afedljsis

Size, portability, and space requirements

Most wholebody scanners are bulky systems which require an area to suit its dimensions. The
Vitus XXL scanner, for exampleequires a height clearance of almost 3 m and a floor area of
approximately 2.5 m2 x 2.5 m2. This is not ideal for typical office workspaces. In general, when
compared to traditional techniques, 3D body scanners need a larger space to set up, take longer
physically set up, require competent trained scanner operators (unless the participant controls the sc
like the TC? system), and time is needed for calibration aidlieration.

Postures
Traditionally, anthropometric measurements are taken wieehody is in anatomical position or
like this position Figure9) . For exampl e, pl acement of the |

having armselaxed by their side, both palms facing anteriorly, fingers extended towards the ground,
and thumbs facing away from the body. This techniqgue may not be useful for 3D scanning as th
posture may obscure certain parts of the body from being scigtjed

Many systems have a strict requirement for adopting certain postures in the scanner. Participan
are required to adopt a static posture for a short amount of time. Automatically derived measuremen
can be dependent on the quality of the posture witl@rstanner. For example, some measurements
are calculated based on Cartesian (XY Zpcdinates on the body. An incorrect posture can lead to
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a shift in these cordinates. A classic example is body height. When standing in the Frankfort plane,
the system @y define height as the highest point on the head. If the participants posture was too fa
forward, then this point on the head may change, resulting in a different measurement.

Figure 9. An example of a scan postwriéhin the Vitus XXL. Body postures vary from participant to
participant and if notontrolled, is a potential source of measurement error.

Missing data due to shading

There are points on the body where the laser cannot detect. Examples include thenarompich
area, sides of the torso, and inside of the arms and3@ysThere are problems with defining a
personbds correct hei ghttisesdabhoge the gcalp. Bane scanoensrcannod f
differentiate between the hair and h¢@d]. Parts of the head can appear missing if reflected light
from hair is nottaptured by the cameras, potentially making it impossible to identify the vertex, and
therefore capture height.

Landmark extraction

Earlier we presented three methods in which landmarks can be identified using measuremer
extraction software (ALR, DLRrad PLR). All have their limitations which must be considered prior
to developing a survey protocol or procedures:

1 The ALR method does not recognize variations in shapes and%lzesd only has pre
set measurements (e.qg. it is difficult to adehad measurementfd1]. It is also difficult
to locate landmarks accurately without palpafi@®i.

1 With DLR, is the difficult to identify bony landmarks (e.g. acromion) on participants who
may have a lot of adipose tissue or musculature on thaf&driea

1 With PLR, some landmarks require additional features to make them stand out in the scan
For example, one cant use a flat disc landmark to identify the4afromion, but instead,
opt for a raised land marker to highlight this point to the [&Hr

1 PLR has additional time burden, feaki} issues, and the invasive nature of touching the
participant.

Security and confidentiality

Another shortcoming of 3D body scanning revolves around the security and confidentiality of the
participants scan images. For example, scan images are storedngouters which, if not
appropriately protected-sattiackpofteng.i alélhyac kb@ec
connections to the interngt5]. People are also potentially identifiable from facial/bodéigtlires or
unigue markings such as tattoos.
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Summary

There are many uses for 3D body scanners today. From an anthropometric data collectiol
perspective, 3D scanners can collect more measurement information on participants in much les
time. The accuracy 08D scanning is improving over time as the level and sophistication of
technology increases. Furthermore, 3D body scanners are becoming more portable and accessible
the public (e.g. hantleld scanners). Despite several shortcomings, 3D scanners §tiftrde
functionality that is simply not possible with traditional techniques, such as recording shape anc
volume information, and the ability review measurements retrospectively for verification and error
control. Part 1l will now focus on how 3D body scanners contributed to various military
anthropometric surveys.
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PART Il 7 AN OVERVIEW OF MILITARY ANTHROPOMETRY SURVEYS 2000 12020

Stephven Kolose, Patria Hume, Grant Tomkinson

Preface

PART Il described how the introduction of 3D body scanning has changed the way in which
anthropometric data are collected. Although traditional anthropometric data have been collected sinc
the 1860s, and 3D body scanning technology was commercialisdgt itate 1990s, very few
anthropometric surveys have used the technology. The purpd3&RoF Il is to provide both a
historical overview and a summary of contemporary anthropometric surveys in the military. This
summary includes a comparison of sampleho@s, measurements (traditional and digital), 3D
scanning technology, and key demographics. Importantly, the key challenges and future
considerations for anthropometric military surveys are discussed.

Overview

The military has an extensive track record of conducting anthropometric suRayd!l will
discusses the importance of anthropometry for the military and summarises military anthropometric
surveys. Measurements from these surveys were used to coeatdimed military anthropometric
profile.

This review provides an overview of international military anthropometric surveys that have been
conducted over the past two decades. The final reports, methods, and statistics and in some studi
the complete da set, are available online. However, some studies are not readily available due to
confidentiality or proprietary reasons. Where information was available, we have described the 3C
body scanning technology that was used, summarised the correspondingremeass and
procedures, and summarised the findings in tables.

Keywords
Military, anthropometric surveys, 3D scanning.
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Introduction

Anthropometry in the military has a long and comprehensive history. The combination of
anthroponetry, health and physical performance are still the primary focus in many military
organisations today. These form the foundation of many military standards for selecting and retaining
military personnel.

Anthropometric data is important for both milaindividuals and military populations. In the
past, basic anthropometric measurements were used for accession, retention, and occupatior
assignment for [82] ndihwirdkedealrée,s alndiienrdsi vi dual 6
military was partly determined based on their physical attributes. Of equal importance, for the
successful design and fit of military clothing, personal praiectquipment, workstations,
ant hhropometric data of the Owhole popul ation

Anthropometry is potentially more important to the military than civilian populations. Due to the
strict and sometimes dangerous operational requirementsiaacanthropometric data can have a
more direct and immediate effect on safety (e.g. poor ballistic or body armour coverage of vital body
organs), performance (e.g. poor fitting footwear causing lower limb injuries during a pack march),
and job performancér military personnel (e.g. long term injuries and neck pain in drivers and
pilots).

Anthropometry is also important as equipment and technology must keep up with secular trends c
6growt hd of humans over ti me, zeandshapaafsudcessives e
generations of military personnel.

This has important implications for the design and acquisition of new military vehicles and the
design of protective body equipment and clothing. Therefore, it is vital that regular anthmapomet
surveying of military personnel is conduc{ea].

History

The first military survey was conducted during the American Civil War. The survey concentrated
on stature, weight and body mass index to help identify recruits who may be malnourished, hav
tuberculous, or simply to identify factors that explain why soddieay be unfit for military service
[94].

In World War I, measurements such as chest circumference, body mass index (BMI), height, an
weight were considered key indicators of soldier fitness fort@ad/ing, marching and fightg[95].
Men and women in the US Armed Forces were measured as early as 1942. At the end of World W:
I, the collection, analysis, and applications of anthropometric data weténaseasingly for military
research and developmd85].

There have been numerous anthropometry surveys (mainly conducted in the US) in the military
(Tablel) but not all are widely available.
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Tablel. A chronological review ogarly military anthropometric surveys.

Year Population Sample Source No. of
size measures
186165 US Volunteers 1,232,256 Gould (1869)96] (# not stated
186365 US Draftees 501,068 Baxter (1875)]97] (# not stated
191718 US Draftees 1,961,692 Davenport & Love (1921) (# not stated)
[98]
1919 US Seperates 103,909 Davenport & Love (1921) (# not stated)
[98]
1946 US Army Men 105,062 Newman & White 66
(1951]99]
1946 US Army Women 8864 Randall & Munro (1949) 66
[100]
1950 US Air Force Flyers 4063 Hertzberg et. al (1954)101] 132
1959 US Army Aviators 500 US DOD HDBK 743A (# not stated,
1964 US Navy Aviators 549 Gifford et. al (1969)102] 98
1965 US Ground Personnel 3869 US DOD HDBK 743A[103] 161
1966 US Army Men 682 US DOD HDBK 743A[103] 73
1966 US Marines 2008 White & Churchill (1978) 73
[104]
1966 US Army Basic 2639 US DOD HDBK 743A[103] 70
Trainees
1967 US Air Force Flyers 2420 Grunhhofer & Kroh 189
(1975]105]
1968 US Air Force Women 1905 Clauser et al. (1977)106] 139
1970 US Army Aviators 1482 Churchill et al. (1971)107] 88
1977 US Army Women 1331 Churchill et al. (1977)108] (# not stated
1988 US Army Men 1774 US DOD HDBK 743A[103] 240
1988 US Army Women 2208 US DOD HDBK 743A[103] 240
1989 US ANSUR | 3982 Gordon et. al (1989)09] 108

Notable surveys

The 1946 US Army men survey was the first extensive anthropometric survey to be conducted
The purpose was to provide body size information for the design, sizing and tariffing of military
clothing and personal equipment. The data were difficult to pr@sgssnch cards were used to store
data.

The 1946 US Army women survey consisted of
enlisted woman, and 3648 army nurses. Data were collected using punch cards. At the time, n
statistical analysis could be performed on the original data set until (\g¥h the data were
transferred to magnetic tape and subsequently analysed by computer programs). The final number
participants for the survey was reduced to 8100 due to errors that were discovered in the origine
punch card$11]. This is possibly one of the earliest examples of when computer praxessver
was used to assist the analysis of anthropometric data. It highlights a shift in technology, and th
notion of measurement error, as evident in the punch card spistém

The 1950 US Air Force flying personnel survey measured 4063 men across 14 Air Force base:
The survey consisted of 132 bodgasurements. The data for the survey were analysed before the
introduction of modern computer facilities.
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The 1966 US Basic Trainees Survey was the first to focus solely on new recruits. There are man
advantages of measuring new recruits as analysdsecarade on how their body shape can change
through intensive military training. The disadvantage of measuring new recruits is that they do not
represent the typical military body shape for those in sef&ide

The 1970 US Army Aviators survey consisted of crew chiefs, door gunner mechanics, warrant
officers and warrant officer candidate trainees, commissioned trainees and commissioned rated pilot
It was one of the first surveys to include both fix@dg and rotarywing pilots[11].

The 1988 US Men and Women surveys were the first major anthropometric survey in the US.
Collectively, they consisted aiver 132 body measures on 5499 males and 3485 females. This study
deliberately ovesampled underrepresented demographic groups to predict increased number o
personnel projected over several years. This was the first anthropometric database with lgomplete
commensurate data for men and women. It was also the first survey to use oversampling and statistic
matching procedures to create working databases (those which can evolve with new data) to asse
both present and future army populatifiik]. Several observations can be made from these previous
survegys. Over time:

1 Anthropometric measurements progressed from individual (basing roles on physical attributes) tc
benefiting the wider population with regards to clothing and equipment

1 Data collection and analysis has become increassmbpisticated allowing for more -shepth
analysis.

1 Sample size has steadily declined as measurements become more defined and complex (potentie
due to power analyses designed to detect meaningful differences between growisrmore,
the original saveys were based on basic height and weight measurements only.

1 The number of females and ratio of femai@snales has steadily increased

To date, there has been little research that has focussed on comparing the methodology, resu
and lessons learntdrm t he various international milita
surveys are based on measurement protocols developed in the past (e.g., ANSUR II). Many surve
use a different set of tools (e.g., body scanners, traditional anthropometriont@oigropometry
measurement rigs) which makes irseirvey comparisons challenging. The surveys were conducted
in different eras and possibly limited to technology and body of knowledge of that time (e.g., punch
cards vs. magnetic tape vs. 3D scanniMpst of all, many reports and publications are not openly
available due to copyright, confidentiality, security classification or age.

Challenges and trends

To address contemporary issues in military anthropometry and understand where the field i
heading in the future, the International Ergonomics Association (IEA) congress and Defence Scienc
and Technology Group (DST group) organised a workshop in 2004

The panel consisted of content experts in military anthropometry. The panel were also surve)
leaders for their respective countries. A sumnjafy] of the key findings were:

T 6What to measure6? Some surveys required a
measurements being requested by the stakeholders in the conspltzise).

1 All panel members agreed that anthropometric datasets required standardized measures a
methods to promote interpretability within and between military forces.

1 Research was needed to accurately describe encumbered soldiers. Many militanatayganis
have their own clothing correction factors but the methods to obtain the measurements and th
results are inconsistent between countries.

1 Due to the continued advances in personal equipment and clothing, it may be more feasible t
conduct smaller ahmore targeted surveys as opposed to {aogde surveys.
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1 There are many logistical challenges involved with capturing a representative sample.
Oversampling is frequently used, but participants were often chosen based on their immediat:
availability.

1 Measurement bookings required senior support at the outset of the survey, ideally from a
uniformed and high ranking official.

1 The panel discussed alternative sampling methods such as continuous sampling. That is, basing
body scanner at recruitment centrestc apt ure bodyods during i nt:
would lead to an over representation or skew towards younger personnel.

1 The ability to freely disseminate anthropometric data is difficult due to privacy concerns of the 3D
scan data. Some surveysenly share their data (e.g., ANSUR) but only with a few countries. The
panel believed that the availability (or lack) of such data directly impacts of the development of
tools.

1 More research should be concentrated on dynamic anthropometric data asddppdata in a
static position. However, this was deemed too difficult in terms of balancing multiple interactions
between the participant (their shape and what they are wearing), their environment and tasks.

1 There is difficulty translating anthropometrdata into a usable medium for the designer or
engineer. For example, some designers know that they need anthropometric data, but do n
necessarily know how to use it. It was agreed that more tools are needed to address this issue. F
example, basic stfare that looks at virtual fit testing versus standard anthropometry parametric
mode} based programs to represent 3D.

1 There is a need to develop digital human modelling packages which are more realistic and offe
more than just comparing linear or 1D ree@ments (e.g., girths, lengths, and breadths).

1 There is a need to have anthropometric data incorporated into biomechanical models
Alternatively, it would be advantageous if digital modelling software can utilise data from different
surveys or countries.

Secular trends of body dimensions are important to the military. Historically, these have focusec
on weight and heigHtL11]. The most visible expression of the secular trend is the increase in adult
height. To put things into perspective, the Netheltais one of the tallest nations in the world.
Between 1860 and 1990, the mean height of the Dutch population (men and women) increased by :
cm (from 165 cm to 181 cm). By the year 2000, the average height for young men and women wer
184 cm and 171 cmspectively(111, 112] By comparison, people from Soeghst Asian countries
(eg., Indonesia) are regarded as some of the shortest in thg ¥i8]dFor example, the mean height
for male Indonesian Army soldier was 169 cm 10 percent of the Indonesian military were
between 165 cm and 176 cm in heifftit4]. There have been limited studies looking at the secular
trends for military personnel for measurements other than height and {@3ghtomkinson et al
[93] identified positive secular trends in several absolute measurements related to platform fit anc
ergonomic design (e.g. stature, sitting height, butiowe length, and hip breadth). These changes
have implications for military procurement.

In the military, certain platforms, vehicles, and aircraft can operate in service for decades. For
example, the=-111 Aardvark(Royal Australian Air Force )B-52 fixed wing(United States Air
Force) andSea King helicopte(UK armed forces) were in service for 34 ggab5 years, and 40
years, respectively115]. Over time, the anthropaetric profile of people who operate such
equipment can change. ldeally, the planning process for-tedng military acquisitions (e.g.,
upgrading an Air force €30 Hercules fleet, naval frigate or army tanks) should consider changes in
t he oper measuredents bver thy lifetime of the platform or product. However, identifying
secular changes is difficult for several reasons.

Secular trends are usually estimated from@weected data derived from temporally sequential
studies from the 'same’ populati®2]. This isacceptable for countries that have a consistent history
of anthropometric surveys such as the US, but not for countries that have conducted limitec
anthropometric surveys. The malgp of military anthropometry populations is based on ethnicity
and immigrabn [92]of t he countryods current popul ation
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influence the ethnic mix within the population (country).s'm turn, will influence the military
populations ethnic mix. Furthermore, increased height may be important for some military roles bu
not for others. For example, a-$8ar, 10 mm difference in seated height may be irrelevant for
clothing design, but may be significant for a young Air Force cadet who is a borderline fit for their
crew station anthropometry assessment. Alternatively, once accepted into the program, the cadet m
end up flying an aircraft that was designed using anthropometric @ddtarthseveral decades old
[115]. Of greater concern, the cadet may hgvewn considerably over the course of their basic
training.

To summarise, there are several trends and challenges in military anthropometry surveys. Smal
scale rather than largeeale anthropometry surveys are potentially a more practical and viable
alternative. This can help ease logistical burden. Sharing of anthropometric findings especially
amongst military organisations is and will always be difficult. More research should be conducted or
digital human modelling, dynamic and encumbered anthropgmetind sampling
strategies/ procefdruirersdItyh@a.t Reculdar Ititeanmrds of
have implications for future acquisition of equipment or platforms and may influence how they are
operated.

The next part describestamnational military anthropometric surveys that have been conducted
between 2000 and 2020. Many other studies were not available for review due to confidentiality ol
proprietary reasons.

Contemporary surveys
This section describes the measurementsntdogy and demographics used in eight international

military anthropometric surveys conducted between 2000 and 2019. The surveys represent the fe
studies that are available to the public. The surveys covered are:

2006 7 Anthropometry Survey of Ulilitary personnel

2010 Anthropometric Survey of Iranian Military Personnel

2012 Anthropometric Survey of U.S. Army Personnel (ANSUR 1)
2012 Australian Warfighter Anthropometry Survey (AWAS)

2012 Canadian Forces Anthropometric Survey (CFAS)

2014 Anthroporetric Survey of Brazilian Air Force

2015 Anthropometric Survey of the Royal Australian Navy (ASRAN)

=4 =4 4 -4 -89 -9

The surveys are summarised according to purpose, sample size, measurement combination a
demographic information ifTable2).

Combined variable list

All measurements used in the surveys (except for the Iranian survey) were recorded and condens
(according to nomenclature) Appendix A This is not an officialist, it is an interpretation of what
a combined military measurement profile may
combined measurement listAppendix Ais the first published attempt at combining measurements
from different militarysurveys over the past two decades.

The list also considers the Civilian American and European Surface Anthropometry Resource
(CAESAR) dataset. Whilst not a military survey perGBESARwas added as a civilian comparison
and because it is widely considd as the first and largest anthropometry survey to use 3D body
scannind116]. The demographic information for CAESAR will not be covered.

The following observations were made during the development and interrogation of the list in
Appendix A Measurement names and definitions varied from dataset to dataset. For example, foo
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breadth horizontal (ANSUR and AWAS) versus foot breadth (CFAS). Furthermore, nomenclature is
inconsistent, and measurements were not standardized between:surveys

1 Dimensbn units such as girths and circumference differed amongst the datasets. For example
elbow girth (CFAS) versus elbow circumference (ANSUR)

1 Most datasets take measurements from the-hght side of the body. Some datasets took
measurements on both thdtieand righthand side of the body (e.g. CAESAR and UK). This
ultimately increased the number of measurements in their respective profile.

1 Whilst body scanning technology was used, the measurement profiles still consisted of
predominately physical measuorents.

With the introduction of new, more advanced 3D body scanner systems, even more measuremer
may be conceived in the future. This will undoubtably make it difficult to compile a universal military
anthropometric measurement profile as covered earli¢his book. Based on this evidence, the
composition of future anthropometric measur e
pi peddéd within each country.
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Table2. Summary o$elected anthropometric surveys conducted between 2000 and 2020 showing sample,

measurement, demographic, and technology descriptives.

COUNTRY SAMPLE #LM; P; ETHNICITY TRADE SCANNER
PARAMETERS DIGITAL
(A, P, D)
2002 4431 99; 72; 40; North America: (# not stated) Cyberware (US,
Civilian 18 to 65 years (-, 99, 77% White ITA)
American and 2094 Male 11% Black WB4 Whole Body
European 2332 Female 12% Other Scanner Laser
Surface 54% North America Netherlands: <2mm
Anthropometry  28% Netherlands 82% White Human Solutions,
Resource 18% lItaly 18% Other Vitus Pro Laser
CAESAR Italy: <2mm
96% Italian
4.0% Other
20067 2470 96; -; 18; Only minority groups  (# not stated) Textile Clothing
Anthropometry 17 to 55 years (71,-, 6) presented Technology
Survey of UK 2160 Male 1.5% Black Corporation [TC]?
Military 311 Female 1.0% Caribbean KX-16
Personnel 44% Army 0.9% Black African Cyberware Laser
Tri-service 26% Air Force 0.72% Fijian Head Scanner
30% Navy 0.2% Indian Infrared Laser 1
0.16% East African mm
8.0% Gurkas
2010 12635 90; -; 90; (# not stated) (# not stated) MANUAL ONLY
Anthropometric 18 to 30years (-, - )
Survey of Iranian Male (# not stated)
Military Female (# not stated)
Personnel
2012 7435 135; 53; 62% White 27% Cyberware WBX
Anthropometric 177 58 years 94; 21% Black Quartermaster and PX and
Survey of U.S. 7435 Male (-, -, 41) 11% Hispanic supply INFOOT foot
Army Personnel 3922 Female 3.0% Asian 15% Signal, scanner Laser
- ANSUR I 64% Active Duty 1.0% Native American COMS & Info  <2mm
Army only 33%National Guard 1.0% Pacific Islander systems
3% Reserves 10% Medical
8.0%
Intelligence
8.0%
Ordinance/Me
chanical
2012 2138 84; 25; 40; Country of birth 24% Rifleman Human Solutions,
Australian 18 to 40 years (-, 44,-) 92% Australia 7.6% Driver Vitus XXL Whole
Warfighter 1861 Male 1.3% NewZealand 5.9% Combat bodyscanner
Anthropometry 277 Female 1.3% Other Engineer Laser 27 cm?3
Survey- AWAS 1.1% SoutkEast Asia 5.7%
Army only 1% Europe (ex. UK)  Crewman
1% UK ASLAV
0.7% Pacific Islands  5.0% Operator
Supply
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2012 2205 91; 44; 48; Racial distribution 8.8% Pilot Human Stutions,
Canadian Forces 17 to 60 years (-,-, 43 92.7% Caucasian 8.4% Infantry  Vitus XXL Whole
Anthropometry  38.4% Army 2% Other 6.1% Aviation body scanner
Survey- CFAS  21.9% Navy 1% Black Technician Laser 27 cm3
Tri service 39.7% Air Force 0.8%Filipino 5.8% Combat Human Solutions,
1890 Male 0.7% Latin American Engineer VITUS aHead
315 Female 0.6% Metis 4.7% Head Scanner
0.6% Chinese Crewman Laser 30 cm3
Armoured Footin3D Scanner
4.1% Resource Laser 35 cm?
Support Clerk  Vislmage Inc
3.9% Supply  BoSS XXI Body
Technician Sizing system
3.4% Air Photo
Combat
Officer
2.9% Avionics
System Tech
2014 2339 39;-; 39; Racial distribution Officers (top 4 MANUAL ONLY
Anthropometric 16 to 52 years (-, - ) 72% White only)
Survey of Brazilian Pilot 22.3% Brown 14.5%
Brazilian Air population 4.4% Black Transport
Force 44% Potential pilots 1% Asian 6.5% Fighter
Air Force only 56% Current pilots 0.22% Indigenous 5.7%
2133 Male 0.08% Other Helicopter
206 Female 4.1%
Instructor
Cadets and
students
20.5%
Trainees
8.7% Students
7.1% Admin
3.5% Infantry
2015 1332 87; 69; 43; Human Solutions,
Anthropometric 18 to 54 years (-, 44,-) Vitus XXL Whole
Survey of the 1090 Male body scanner
Royal Australian 232 Female Laser 27 cm3
Navy- ASRAN
Navy only

Key: MEASUREMENTS: (#=total sample number, LM = landmarks, P = physical measures,
D=digital measurement®Digital (A=Automatic, P = Posprocessed, D = Derived). SCANNER
(RES=Accuracy in mm or point cloud distance as points/pé).cm

Summary of military surveys 2000 to 2Q@9

20045 Australian Defence Anthropometric Personnel Testing (ADAPT) project

In 2004, the Astralian Defence Force in conjunction with the University of South Australia
(UniSA), Sinclair Knight Merz, Permian, the University of Ballarat, and the Australian Institute of
Sport (AIS), conducted the Australian Defence Anthropometric Personnel TESDAGEPT) study
as part of the wider Australian Defence Force Aircrew (ADF) and Crewstation Anthropometry Project
MIS 872[117].

The project comprised three phases: (1) capturing 3D scans of crew stations usingaxiseven
FARO ScanArniater used in CAD design programmes, (2) UniSA and AlS obtaining anthropometric
data from current ADF aircrew and potential aircrew from young civilians from around Australia,
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using principally 3D measures plus several physical measures, and (3) aratimgege crew station
scan images with the 3D body scans in a software program called JACK. The JACK software
animated the virtual bodies to simulate flight tasks in the cof&pjt

The dataset was used to identify recruitment guidelines for aircrew, to optimise cockpit human
machine interface and improve the fit of clothing and equipfidi@®]. Prior to the ADAPT project
the most recent ADF anthropometric survey was conducted in 1977, which comprised 30
measurements on 3,000 male military (across Air Force, Navy and Army) personnel.

The project used a Vitus XXL 3@hole body laser scanner (Vitus XXL, Human Solutions) with
a resolution (point density) of 27 points/riach scan took approximately 12 seconds resulting in
32 digital measurements with the aid of Physical Landmark Recognition (PLR; see PART Il for a
de<ription of PLR). Four additional measurements (stretch stature, sitting height, Btk
length, and weight) resulted in 36 total measurements.

The project captured measurements for 1,510 male and female civilians (who were potentia
aircrew recrug or students or in their final year of high school between 18 to 30 years) and 255
current aircrew personnel from the RAAF (aged between 20 and 56 years).

The survey took 45 to 60 minutes to process each participant, with approximately 30 participants
were processed each day. Each participant completed a questionnaire, including a section on clothir
sizes [shoe size, dress and bra size (females) and shirt size (males)]. Participants then changed i
form-fitting underwear and a latex swimming cap betbegr physical measurements were recorded.
Next, 23 landmarks were placed on the body (these landmarks could not be accurately located t
looking at the scarfL19, 120] The participants were theoasined in the middle of the body scanner
with their legs slightly spread apart and their arms slightly abducted away from theifl20%0
Digital measurements were extracted from the scans using specialist software to@yJzé.
andAnthroscat) such as girths (using a sdectiandlar¢éas d t
volumes and distances between landm§iRke, 121]

2006 7 Anthropometry survey of UK military personnel

The survey was conducted by the QinetiQ Human Protection & Performance Enhancement Grou
on behalf of the Haldai&pearman Constum (Hi SC) for the Ministry of Defence (MOD)
Research Acquisition Organisation (RAQR2].

Prior to this survey, the previous published dataset was the Defence Stand&rd @ 17
developed from surveys conducted between 1970 and [122% The UK Ministry of Defence
(MOD)-Industry Human Factors Integration (HFI) group plannedide this dataset to update
Defence Standard @6 Part 17. DEF STAN 0@5 provides human factors design guidance
(including anthropometric data) for use in the UK defence industry. The dataset was also designed 1
be used internally and by contractors desig and building military equipment (e.g., Human Factors
Integration, development of Systems Requirements Documents (SRD), forecasting clothing
purchases). It was envisaged that this information would reduce costs apdoglsttion adaptations
for equpment and vehicles by specifying adaptations prior to accepitb22pe

Two Textile Clothing Corporation [TC]? 3D body light scanners were used. The scanners used
infrared as opposed to laser technology (Beet Il for more information on this technology).
Hundreds of thousands of data pointseveaptured to produce a 3D representation of the body at an
accuracy of £1 mm. Each scan took 3 seconds in duration.

The survey comprised 96 measurements, 18 of which were collected physically, 71 using digita
measurements and six were derived. Thesmesments were based on physical measurements used
in a previous UK survejl23] and from ISO 8559124]. Several measurements were modified to
meet scanner technology limitations. For example, the scanner could not detect bony landmark
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unless they were pilandmarked by the scan operator. Head measurements were taken using ¢
Cyberware Laser Head Scanner) as the 3D body scanner took limited head measi{t2g&jents

Each scanning day consisted of eighhalir sessions. Six participants were briefed at a time. At
the brief theywere required to fill in a demographic proforma. Next, participants were processed in
pairs by two body scanner teams. At least one of each pair wasdteatked. Physical measurements
were only taken when a scan could not extract the required measu@nvemen a scaderived
measurement was unobtainable. Participants were scanned once in a standing and once in a sitt
position, with males wearing light grey briefs and females wearing a grey sports bra atmhekin
pants which were supplied by the @rcfteam. All data were validated before being entered onto the
anthropometric databa§e22].

The survey of 2,470 personnel consisted of 2,160 male and 311 females. The sample was 44
Army, 26% Air Force and 30% Navy personnel ranging from 17 to 55 years of age. The sample als
consisted of 18&urkas who were considered a significant ethic group with known anthropometric
differences from the general UK arrfiy22].

The final report did not provide a full breakdown of the participants by ethnicity or race. However,
numbers were provided for minority ethnicities such as Black Cariblidaok African, Fijian,
Indian and East African. The report presented sample numbers for three groups that present differe
anthropometric data from rest of the armed forces. These groups were Aircrew (n = 126), Gurka
(n=188) and Royal Marines (n=181).

The report concluded with measurement profiles that included an illustration of the body scan
output, descriptive statistics, and frequency tables by gender and service.

2010 Anthropometric Survey of Iranian Military Personnel

In 2010, the anthropometrbaracteristics of Iranian military personnel (aged 18 to 30 years) were
reported[125]. The measurement protocol and definitions were based on the 2008 National Health
and Nutrition Examination Survey (NHANE§)26]. The survey did not utilise a 3D bodgasiner,
but rather 90 physical measurements using the NHANES protocol. The 12,635 participants wer:
armed forces personal with a minimum of 10
systematic random sampling stratified by age. Further infimmaelating to gender, trade and
ethnicity was not provided. No measurement profile was provided. The report included summary
statistics (mean, standard deviatiofi1& 95" percentiles) for each measurement and a roaliintry
(Iranian versus US, Austlian and UK army) comparison table for stature, sitting height, upper limb
and lower limb measures.

The first research on anthropomet r yl1274 where d e s
7,784 Iranian soldiers were measured for military shoes and clothes. The next survey was conducts
in 1995, with 2,130 personnel measured. The 2010 surveytavhe the latest study focussing on
ergonomics and anthropometric measures in the current military {a@ss

2012 Anthropometric Survey of U.S. Army Personnel (ANSUR II)

The 2012 Anthropometric Survey of US army personnel (ANSURL8) is one of the most
comprehensive anthropometric surveys in the military. Conducted by US Natick Soldier Research
Development and Engineerii@entre (NSRDEC) between October 2010 and April 2012, the survey
acquired anthropometric data for 1,090 mal e
engineering needs. The sample represented the US Army Active Duty, Reserves, and National Guat
The dataset was also intended for equipment design, sizing, and tariffing applications with potentia
commercial, industrial, and academic applications.

The US armyoés previous ant hr oiB8whchiscommosiy r v ¢
known as the &. Army Anthropometric Survey (ANSUR) or ANSUR I. ANSUR | consisted of 132
anthropometric dimensions on 8,997 personnel (5,506 male and 34,921 female). The processing tin
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for one individual was up to four hours to enable a large number of measurententaker{109].

The ANSUR | measurements were all captured physically with no 3D body scanning system.
However, a device known as the Automated Headboard Device (AHD) was used to capture head ar
facial measumaents.

The ANSUR Il survey consisted of 94 physical measurements, and 39 derived measurements frot
3D whole body CyberwareWBX), INFOOT foot, and PX head scans (froddVIARE Laboratory,
Osaka, Japan). The measurements were based on 51 physical lan®otrksystems are laser
scanners. The wholeody scanner was accurate to +1 mm. Each scanner took approximately 15 to
20 seconds to complete. The whbledy scanner was controlled using the CyScan software in
conjunction with an Enhanced Anthropometric RgtBystem (EARS) program. EARS was used as
an evaluation step that would assist the scan operator with capturing high quality scans. Scan da
were transferred to the system server through a local network, and were later backed up to DVI
[128].

The 11,357 participants included 7,435 males and 3,922 females. The sample included Active
Duty, National Guard, and Army Reserve Soldiers. Participants were between 17 to 58 years olc
Samplebreakdown by race consisted of White (62%), Black (21%), Hispanic (11%), Asian (3%),
Native American (1%) and Pacific Islander (1%) respectively. Sample breakdown by trade or
occupation (by order of most prominent) consisted of Quartermaster Supply (27%).

2012 Australian Warfighter Anthropometry Survey (AWAS)

The Australian Defence Force (ADF) Australian Warfighter Anthropometry Survey (AWAS) was
run by the Defence Science and Technology Organisation (DSTO) Land Division in conjunction with
the AustraliarDefence Test and Evaluation Office (ADTEQO) and the School of Health Sciences at
the University of South Australia between 2010 and 3022].

The previous anthropometric survey was the AustraliarS&rvice Anthropometric Survey in
1977[130]which consisted of 3000 male ADF personnel agefilyears. The survey also consisted
of 1044 male Army personnel and utilised a total of 31 physical measurdgiEsits

The purpose of the AWAS survey was to gather comprehensive anthropatatdran a broadly
representative sample of the (active forces) ADF Army personnel. It was envisaged the data could k
used to optimise the design of clothing and protective equipment for sea and air vehicle platform:
[117].

The AWAS used a 3D wholeody scanner (Vitus XXL, Human Solutions) to help collect digital
anthropometric measurements. A total of 84 physical and digital measurements were collected pe
individual. The Vitus XXL scanner is a laser scanner with a scan resolution (point density) of 27
points/cnt and takes approximately 12 seconds to for a seuje.

Forty measures were taken physically, and the remainder were extracted from the digital scan:
The 25 surface landmarks were placed on the participants skin (by the anthropometrists) usin
palpation of the skin. The measurement profile was derivech fa review of Australian and
international military anthropometric surveys, input from Australian clothing industry experts and the
results of a validation triglL31].

Prior to undergoing measurements, all participants gigen a brief where they were required to
provide informed consent and complete a demographic questionnaire before they were assigned a
digit coding convention to anonymise their data. Participants were then escorted to a landmarkin
area and reminded tife procedures used for landmarking, physical measurement and/or 3D scanning
[129].
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At the body scanner, particip@nwore a swim cap to help locate the vertex and other reference
points on the head. Once inside the scanner, participants were positioned in two standing postur
and one sitting posture. The scan time was approximately 12 seconds per posture. The physic
measurements were taken by ISAK Level 2 trained anthropometrists using traditional anthropometri
measurement equipment. The anthropometrists had extensive training in the survey measuremer
[131].

The 2,138 patrticipants ihaed 1,861 males (87%) and 315 females (13%). In terms of country of
birth, 92% of the sample was born in Australia, followed by New Zealand (1.3%),-BasitiAsia
(1.1%), Europeexcept UK (1%), UK (1%), and Other (1.3%). The main trades or occupations
represented by the sample were Riflemen (24%), Drivers (7.6%), Combat engineers (5.9%)
Crewmen (5.7%), Operator supply (5%), Operator admin (3.5%) and Gunners (3.4%).

2012 Canadian Forces Anthropometric Survey (CFAS)

The Canadian Forces Anthropometric \&ayr (CFAS) was conducted in 2012 by the Defence
Research and Development Canada (DRDC) and Human Systems Incorporated. Prior to 2012, tt
Department of National Defence (DND) lacked up to date, accurate and representative
anthropometric data of the Canadi&orces. The purpose of the survey was to update the
anthropometric dataset and use it for the specification, evaluation, development, and acquisition ¢
military equipmen{132].

Prior to the 2012 survey, the two most recent anthropometric surveys in Canada were the Roy:
Canadian Air Force (RCAF) survey in 1985 (taking 73 physical measurements on 519 aircrew) anc
the Canadian Land Forces Survey in 1997 (140 measurements on tf@Bgras). The measures in
1997 consisted of a combination of physical measurements, 2D digital images of the foot and han
and 3D laser scans of the h¢ad2].

The CFAS used four different types of scanning technology in addition to traditional methods to
capture measurements for their respective protocolVTRESXXL Whole body scanner which has
an accuracy of =1 mm at a point density of 27 point§/atve VITUS AHead Scanner (1 mm
accuracy at a point density of 30 pointsfrand the Footln 3D (+ 1 mm accuracy at a point density
of 35 cm points/c). A BoSS XXI Body sizing system was used to capture 2D whole body
dimension data. The BoSS system used two digital cameras that take simultaneous pictures from tl
fontal and sagittal planes. Proprietary algorithms then interpreted the images to identify landmarks t
make linear and circumferential measurements of the participant.

The total CFAS sample was 2,205 personnel (38.4% Army, 21.9% Navy and 39.7% Air Force)
and consisted of 1,890 male and 315 female participants. The demographics in terms of race consist
of 92.7% Caucasian, 2% other, 1% Black, 0.8% Filipino, 0.7% Latin American, 0.6% Metis and 0.6%
Chinese. The main trades represented were Pilots (8.8%), Infantry (8.4%), Aviation Technicians
(6.1%), Combat Engineers (5.8%), Crewman (4.7%), Resource Supleskls (4.1%), Supply
Technicians (3.9%), Air Combat Officers (3.4%) and Avionics Technicians (2.9%).

2014 Anthropometric Survey of Brazilian Air Force

In 2014, researchers from the Brazilian Air Force University, New York University and Arizona
State Unversity conducted the first anthropometric survey on Brazilian Air Force pilots. The data
were used for optimising aircraft cockpit design, uniform design, pilot accommodation, protective
gear and digital human modellifig33].

There was previously no published anthropometric dataset for the Brazilian military. Only two
anthropometric databases fromeBil were recorded in the literature both of which were based on the
civilian population. The first database was developed in 1988 based on male industrial workers fron
Rio de Janeiro. The second database is from 2008 and based on eight anthroponsetrenreats
taken from Aviation Transport Users (common passengE3sS].
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The 2014 survey did neaise a 3D wholdody scanner and was based on physical measures only.
The survey consisted of 39 measurements that were adaptedHotaman, Gordon [134]The
measurements were specifically relevant to the design of aircraft cockpits, protective gear, uniforn
sizing, and computerised digital human modelljda83]. The measurements were conducted by
Brazilian military personnel who were responsible for administering the anthropometric
measurements in the annual fitness test.

The survey procedure con&d of four independent measuring stations and two anthropometrists
per station (alternating as measurer and recorder). Each team consisted of 12 people, with ot
Osubstitute measurerd® per station. Thiwatiestad ur
landmarking, b) standing and seated measurements (depths, breadths, and lengths) conducted us
a Beam calliper. The station included foot measurements using the modified Brannock device
standing and sitting measurements (heights and lengtimng) the anthropometer, and circumferences
and hand measurements using a Poech sliding calliper.

Seated measurements were taken on a table (70 cm in height) using two wooded boxes as
footrest, styrofoam pieces (to adjust feet up and down) and a wbotleok plate. All measurements
were taken on the right side of the body and recorded to the nearest millimetre. Measurements we
recordedonalaptopandhand i t t en t ables for back up. Outl
a filtering process basemh previous studies and standditlk, 15]

The 2,339 aircrew (2,133 males and 206 females) were agdif Mears. With respect to
distribution by race, 72.0% of participants were White, 22.3% Brown, 4.4% Black, 1.0% A&#n, O
Indigenous, and 0.8% Other. In terms of trades, the top four Officer trades represented were Transpc
(14.49%), Fighter (6.54%), Helicopter (5.69%) and Instructor (4.11%) pilots. Cadet and Student
trades represented were Trainees (20.48%), Studer48 Administration (7.14%) and Infantry
(3.46%) personnel.

2015 Anthropometric Survey of the Royal Australian Navy (ASRAN)

The Anthropometric Survey of the Royal Australian Navy (ASRAN) was conducted in 2015 by
the Maritime and Land Divisions of theeience Science and Technology Group in conjunction with
the University of South Australia. The purpose of ASRAN was to capture relevant (and update
previous) Royal Australian Navy (RAN) anthropometric data to support the Australian Defence Force
Maritime Rocurement Programme and inform the development of a new habitability standard for the
RAN [135-137].

The previous Royal Australian Navy anthropometric data were obtained in 2000, which consistec
of 302 personnel (251 male and 51 females). As part of the scoping plan for the ASRAN, the 200(
RAN reference data were compared against international staj@idadlsThe findings showed that
the 2000 reference data were inappropriate for the design of future marine platforms as well as sevelr
other issues. For example, the data were outdated, the femmike s@as small, and the data were
not generalisable to the current RAN population (e.g. no submariners were included and the samp
was not representative of all trades and age groups). Furthermore, the survey was conducted usi
physical measurements apbsented results in only three percentile categories (3thas@ 95th).
The limited percentile data would not be helpful for designing equipment or platforms for a section
of the population outside these valfi#35, 137] For example, 99th percentile may be required by
specialized populations such as aircrew or spéaiaes. Outside of the 2000 RAN reference data
the most recent anthropometric survey in the Australian Defence Force was the AWAS conducted i
2012 as described earlier in tisisction

The technology used in ASRAN is identical to that used in the AWMA®12. Two Vitus XXL
whole-body scanners (Human Solutions, Kaiserslautern, Germany) were used in conjunction with &
team of anthropometrists for the physical measurements. The measurements used in ASRAN we
similar but not the same to those used in AMEAS. The AWAS measurements were based on
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measurements that wereline with clothing and body armour design; the ASRAN measurements
were prioritised on habitability and platform design. Stakeholder interviews, consultation and
published reviews were used select the final measurement list. This resulted in a total of 87
measurements per participant, comprising 43 physical and 44 digital measurements from 69 physic
and digital landmarkEL36].

The 1,332 personnel (1,090 males and 232 females) were aged 18 to 54 years. No furthe
information regarding the participant or study demographics were available at the time of this review

Summary

Part Il provided a summary of eight military anthropometric surveys that were conducted over
the past 20 years. To the best of our knowledge, these represent the most recent and publicly availal
military surveys.

It was apparent that equipment, clothing, fplah, and workstation design were the driving force
for these surveys. Many military organisatio
datasets according to current best practise, in preparation for future equipment acquisition, and t
suwpport design, engineering, and human factors research.

Two surveys did not utilise 3D body scan
measurement profiles and protocols. Several used the same body scanning technology (e.g., Vit
XXL or TC?) eachwith their own protocols and procedures for measuring data. Despite the rapid
increase in the development of 3D technology, anthropometric surveys appear to be still dominate
by physical measures (as opposed to digital) and the surveys at the stad ahdhendecade still
use similar body scanning technology (Vitus XXL or similar variation). This is further evidenced
Appendix A where most of the measurements in these survey protocols are pBysiefs used a
mixture of measurement definition®i different protocols (e.g., ANSUR Il, NHANES, ISO 7250)
or developed their own protocols. Even when 3D body scanning was used, measurement definitior
were still based on physical (or 1D) measurement definitions (despite known issues with the accurac
of scanning technology). As a result, traditional 1D measurements captured by traditional survey
protocol s ar e n o t-wosldiprobleams. The ude of 3D data thay Yednsore suitadle
and flexible to solve many contemporary design issues (simg human 3D models to simulate
realworld tasks in a virtual environment).

Some measurement teams have undergone extensive training by way of international accreditatic
(e.g., ISAK qualification/training) while others have learnt through internalitiga from senior
anthropometrists. Some also conducted validation trials and assessesteststeliability of
measurers before and during the surveys. There is no universal anthropometry qualificatior
recommended by the military.

There was a greateumber of males sampled in the surveys despite attempts tesawvgrie
female participants. This is most likely a reflection of the male and female ratio in the military in
general. The reporting of participant trades, ethnicity or racial distribution fallyodescribed in all
survey reports that are publicly available. These characteristics are important (especially ethnicity) a
they help describe the anthropometric differences of their respective population. The information cat
also be used to compadldferent surveys or better estimate temporal trends.

Part IV will describe the methodology of the 202618 New Zealand Defence Force
Anthropometry Survey.
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PART IV - NEW ZEALAND DEFENCE FORCE (NZDF) KINANTHROPOMETRY
SURVEY DEVELOPMENT

Stephven KoloseRatria HumeGrant Tomkinson, Tom Stewart

Preface

Part Il summarised previous military anthropometric surveys. Many countries have a long history
of conducting anthropometric surveys, wfew using 3D body scanning technology until this past
decade. The knowledge obtained frétarts Ilto IV provided a foundation for developing and
implementing a modern 3D anthropometric military survey. The purpoBardlV is to report on
the developrant, methodology, implementation, and analysis of the New Zealand Defence Force
Anthropometry Survey (NZDFAS), currently one of the most recessetvice, 3D anthropometric
surveys in the world. The resulting measurement protocols and summary statesiicesented in
PartVI.

Overview

Part IVis a culmination of the material covered in Parts | to 11l of this book. We will discuss how
the New Zealand Defence Force Anthropometry Survey (NZDFAS) was initiated, how the survey
was designed, and howwtas implemented. This was the first study of its kind in New Zealand. The
purpose of this section is to document the methodology used for the NZDFAS and provide the reade
with information on how to conduct a largeale anthropometric study.

Keywords
New Zealand Defence Force, NZDF, anthropomestuyvey
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Introduction

Anthropometry in New Zealand

Prior to this study, data relating to the anthropometric dimensions of New Zealand Defence Forc
personnel (and New Zealanders in general) was limited. A comprehensive survey suitable for huma
engineering design and ergonomic applications had never Imelamtaken, despite unsuccessful
attempts in the 1980s and 199041]. Two previous New Zealaroased studies helped shape the
current NZDFAS. Researchers previously relied on overseasedgt#\(stralian, US, or UK) due to
the lack of NZ dataSlappendel and Wilson [142]erived anthropometric estimates for New
Zealanders by applying ratsraled data from the British poptibn [143] to NZ stature data
collected during the 1990 Life in New Zealand (LINZ) Survey. The LINZ survey comprised 1,610
females and 1,405 males who were randomly selected from the electoral roll. Trecabitig
technique was a proven method for obtaining anthropometric data at the time; however, the use ¢
international data can result in inaccuracies due to the diffeseincbody size and shape of the
respective populations.

Prior to the NZDFAS, two highly regarded anthropometric studies were conducted in the NZDF,
one in 2011 on the New Zealand (NZ) Army and the other in 1973 for the Royal New Zealand Air
Force (RNZABR. In 2011, Baxter and Baxtg¥44] conducted a survey to obtain a preliminary dataset
of the anthropometric characteristics of the feet of soldiers within the NZ Army. The sample consistec
of 807 military personnel &dm two NZ Army camps, with an average individual measurement time
of eight minutes. No demographic data (e.g., gender, trade) were recorded as the sole purpose of t
data collection was to obtain as many participants as possible. The data consistédiaeband
foot measurements (breadth, width, circumference, and arch height) measured by a single researct
using a seamstressod6 tape measur e. Data wer ¢
descriptive statistics. The results were insightfubae in six soldiers were not provided with a boot
that fit properly. This may have been attributed to the boots having designed for soldiers of Europea
descent, who were anecdotally considered to
Maori and Pacific Island descent. One in seven soldiers wore boots that were larger than required (
some cases up to three sizes bigger) to obtain a boot wide enough to fit. The average foot length (2¢
cm) was shorter than the average comparable ho@ndion. The NZ Army had lower arch heights
than the general NZ population which was attributed to the higher proportion of Maori and Pacific
Islanders in the soldier sample (30%) compared to the NZ general population (15%). This study
highlighted importat findings: (1) the NZDF requires an anthropometric dataset that is representative
of its population; and (2) anthropometric data are useful for understanding issues of fit (for current
inventory and for estimating future inventory) and helping identidghang and equipment that is
both functional and fit for purpose (e.g. specific to the population body sizes, soldiers trade etc).

Perhaps the largest New Zealand military anthropometric survey (in both measurement and samp
number) was conducted by Ulsen in 1971145] for the Royal New Zealand Air Force Aviation
Medicine Unit (AMU) in Auckland. The study was based on 238 male Aircrew between the ages of
18 and 49 years, with the purpose of improving procurement of flying clothing size ranges and tc
compare New Zealand anthropometric data to international military populations. The study capturec
62 measurements per participant. Despite the large participant sample size and number ¢
measurements, few were awar e dfished &siarsintesnal AMY 6 s
report[145]. Nonetheless, the study by Toulson fulfilled much of the criteria described in Part | of
this book. That is, the study was conducted on a specific population (NZ Air Force crew), by
experienced anthropometrists usimgyen methods and technology. Unfortunately, the data are now
nearly 50 years old and may not be representative of the current NZDF.

New Zealand Defence Force

The NZDF, in partnership with thdinistry of Defenceis responsible for delivering Defence in
New Zealand. In 2019, the NZDF had 9474 regular force (active or uniformed) personnel, and
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comprised three servioc@gshe New Zealand Army (n=4705), the Royal New Zealand Air Force
(n=2525), and the Royal New Zealand Navy (n=2244%].

In 2008, the NZ Army requested that the Defence Technologgné&g (DTA) initiate an
anthropometric survey of its personnel. DTA, through Massey University, conducted an
anthropometric praecoping study141]. The main recommendations from the studyeateri) form
an anthropometry project scoping team to advise the NZDF on the development of a NZ Army
anthropometry project, and ii) consider the purchase of a 3D body scanner to help automate da
collection.

It was apparent that anthropometric data in the NZDF were required not just for the NZ Army, but
for all three services. For example, anthropometric data for Naval lifeboat, bridge console, and bunl
bed design; for RNZAF aircrew selection and helicoptetisg; and for NZ Army vehicle design
and uniform sizing.

The lack of NZDF (or NZ civilian population) data to inform these requests highlighted the need
for a current anthropometric database. Knowing the current body size and shape of NZDF personn
helps to ensure that current and future military equipment can be identified and selected more
accurately.

The NZDFAS was initiated and conducted by the Defence Technology Agency (DTA) which is
the main provider of research, science, and technology suppbet NZDF and Ministry of Defence.
The survey was endorsed by the NZDF Vice Chief of Defence, Chief of Army, Chief of Air Force,
and the Chief of Navy in 2015. Ethics approval for this work was provided by the Auckland
University of Technology Ethics Camittee (AUTEC). The funds to conduct the survey, including
domestic travel and meals for the data collection team, were provided by the DTA. The study utilisec
a Vitus XXL 3D body scanner (Human Solutions Ltd, Germany) and associated software funded by
NZDF Capability Branch in 2012.

Aim

The aim of the NZDFAS was to create aservice anthropometric body scan and measurement
database to inform the size and fit of military clothing and equipment (personal protection devices
and tools), and to support dgs and engineering decisions regarding operator fit within platforms
(aircraft cockpit, land vehicle cabin, or ship control rooms) and other working areas (office space,
classrooms, or individual workstations).

Methods

In 2016, a survey site scoping esise identified suitable data collection facilities around New
Zealand. The project involved four phasekjch spanned from December 2013 to December 2019:

1 Phase 1 (February 20d4ugust 2015): A suitable sample size, measurement profile, data
collectionteam, body scanning process, and survey logistics (including travel and survey site)
were identified.

1 Phase 2 (September 200%nuary 2016): A suitable data collection procedure was drafted and
tested, measurements were validated, and the data colleetrorfanthropometrists) were trained.

1 Phase 3 (February 20i1$%eptember 2016): Data collection activities were performed at nine
NZDF locations throughout New Zealand. Additional data were collected in May 2018.

1 Phase 4 (November 20i18ugust 2018)Data wee processing, analysed, and reported.

Figure10 provides a summary of the key activities during each phase. Each activity is explained
in more detail throughout this part.
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Key Activities
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Figure 10. A summary of the key activities during each phase. Each activity is explained in mdre detai
book.
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To ensure participants completed the scanning requirements in as short a time as possible, whi
maintaining data integrity, a team of personnel with specific responsibilities were used at each dat
collection session. These roles and responsibiblinether support membesse presented ihable
3 andTable4 respectively.
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Table3. NZDFAS data collection team.

Role Responsibilities

Team leader 1 The survey protocol conduct

1 Data sampling site logistics (e.g., liaison and coordination with «

collection site manager)

1 Overseeing transport, un/packing, disteambly, and calibration of
scanner and all equipment
Recording any incidents on a Serious Events Register
Timekeeping for workflow
Ensuring that all data files are backed up regularly
Assisting other team members when required

= =4 =4 -4

Participant
receptionist

Greeting and briefing participants

Administering informed consent forms and demographic
guestionnaires

Collecting and filing all hard copies of paperwork
Assigning participants an ID number

= =4

E

Anthropometrists Locating andplacing physical landmarks on participants
Taking physical measurements

Recording all measurements

Observing other anthropometrists to minimise mistakes
Escorting participants to the scanner technician

Positioning participants in éhcorrect postures for scanning
Operating the scanner system

Verifying the scanned images for correct posturing, landmark
positioning and checking scan image quality.

1 Saving the scan

Scanner
technicians

= =4 =4 -8 _8_9_°8_--°

In addition to the data collection team the survey suggported by 61 NZDF staff
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Table4. NZDFAS full support team (including data collection team).

Role N Responsibilities

Data 21 Trained anthropometrists (i.e., 19 were trained at ISAK Level 2 anc
collection were accredited at ISAK Level 1).

team 1 16 were volunteers from the NZDF (e.g., science researchers f

DTA, Medics and Personal Training Instructors)
1 5 were contracted from the Aucklabihiversity of Technology
(AUT) Sports Performance Research Institute New Zealand

(SPRINZ).
Logistic 30 Logistic support staff:
support staff. 1 18 were points of contact (POC) at the nine NZDF establishme

(consisting of members of the bdsadership team, unit

commanders, and Events and Human Resources staff). They v

responsible for facilitating survey site bookings and managing

participant throughput for the survey.

6 were receptionists and scribes.

2 were contractors employed to assigh data cleaning and

analysis.

1 3 were from the DTA Business services team responsible for tr
bookings, supplies and logistics support.

1 1 member provided specialist statistical support

il
T

Subject 10 International subject mattexperts who assisted with various stages of
matter study:
experts 1 Measurement/protocol development, validation, refinement, an

CySizetraining (University of South Australia, Defence Science
and Technology Organization, Australia),
1 Body scanner training, troubleshiom and hardware support
(Human Solutions Ltd, Germany),
CySizeanalysis and software support (Headus Ltd, Australia).
Body scan file conversion and general project support (Defence
Research and Development Canada).

= =

Sampling

The minimum sample size to ensure valid statistical representation of body dimensions across th
NZDF was determined using a power analysis equation from ISO 1553220/2The equation
was based on the probability that the survey population would prsuftieient fidelity to represent
the true population between the&nd 9% percentiles, with 95% confidence and 1% accufady].
This is a common method applied by international military organizations in Audttalia and
Canadd41].

An internal validation trial in 2014 identified waist height as having the greatest coefficient of
variation (12.9%). This coefficient was entered into the equation resulting in a minimum sample size
of 1504 personnel. tarnational military anthropometry experts recommended that the sample size
should be 10% of the population, which equated to 947 given the NZDF population of 9474. The
targeted sample size was then inflated to 15% (1421) personnel to oversample spaofiaghics
such as females. Approximately 1421 personnel were randomly selected from a pool of 9474 in th
NZDF personnel register. The data were then filtered according to participants who (1) resided a
anyone of the nine main NZDF camps and basesy€?¢ active service personnel, and (3) were
regular force (or uniformed) personnel only (excludes civilian or reserved forces). These filters in
addition to errors in the personnel database (e.g., personnel who either resigned or retired from tf
NZDF weres t i | | mar ked as Oactivebd) resulted in
current uniformed population.
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A stratified sampling strategy was used to select the NZDF personnel to maintain an adequat
balance among the three services andsscgender and ethnicity groups (while purposive sampling
occurred during the survey). To achieve this, the current proportions of Army (49%), Navy (27%),
and Air Force (24%) personnel among the 9474 active uniformed population were applied to the
survey saple of 1096. This resulted in target samples sizes of 535, 297, and 264 personnel fron
Army, Navy, and Air Force, respectively. Demographic proportions by trade, ethnicity, and gender
were applied in a similar manner, resulting in the following initiaey targé (Table5)

Most role descriptions within the NZDF can be categorised into 10 major trade categories. The
trade and sufrade (e.g., Combat and Armourer) category definitions were obtained from the NZDF
Defence careers website (www.defencecareers.mil.nz). The ethnicity categories were based on tl
New Zealand Censy448] (except for Pacific Islanders and Maori, which were combined in this
study). Crosseferencing the census ethnicity categories with the 2015 NZDF personnel database
identified six main ethnic groups within tF
OEuropeandé while &éNew Zeal andersd were cate
targets were then applied to the nine NZDF base/camp locations to determine how many participan
were required from each data collection location.
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Table5. NZDFAS target sample by demographics.

NZDF Service by Gender

Army Air Force Navy
Trade Ethnicity Male Female Male Female Male Female TOTAL
Combat European 49 0 8 0 1 5 63
Pacific
Maori 57 1 4 1 19 2 84
Asian 4 0 0 0 9 0 13
Latin Am 1 0 0 0 0 0 1
African 2 0 0 0 1 0 3
Other 45 0 6 2 34 6 93
Specialist European 14 3 4 1 0 1 23
Pacific
Maori 8 1 0 0 10 0 19
Asian 1 0 0 0 0 0 1
Latin Am 0 0 0 0 0 0 0
African 0 0 0 0 0 0 0
Other 9 4 4 2 0 1 20
Medical Health European 9 6 2 1 3 3 24
Pacific
Maori 4 2 0 0 3 1 10
Asian 0 0 0 0 1 0 1
Latin Am 0 0 0 0 0 0 0
African 0 0 0 0 0 0 0
Other 5 4 2 4 1 4 20
Apprentice European 2 0 0 0 0 0 2
Pacific
Maori 11 0 0 0 0 0 11
Asian 1 0 0 0 0 0 1
Latin Am 0 0 0 0 0 0 0
African 0 0 0 0 0 0 0
Other 14 0 0 0 0 0 14
Engineering/Technica European 24 0 62 3 30 1 120
Pacific
Maori 7 1 8 2 23 1 42
Asian 1 0 3 0 13 0 17
Latin Am 0 0 0 0 3 0 3
African 1 0 0 0 0 0 1
Other 19 0 44 3 25 2 93
Intelligence
Information
Technology
and COMS European 15 0 8 4 0 3 30
Pacific
Maori 6 6 1 0 20 7 40
Asian 0 0 1 0 0 0 1
Latin Am 0 0 0 0 3 0 3
African 1 0 0 0 2 0 3
Other 11 1 7 0 0 4 23
Hospitality European 9 3 0 1 0 3 16
Pacific
Maori 5 3 0 0 16 7 31
Asian 0 0 0 0 4 0 4
Latin Am 0 0 0 0 0 0 0
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African 0 0 0 0 0 0 0
Other 5 2 0 1 10 4 22
Logistics and
Administration European 22 5 11 5 0 3 46
Pacific
Maori 18 7 2 2 0 3 32
Asian 1 0 1 0 0 0 2
Latin Am 0 0 0 0 0 0 0
African 1 0 0 0 0 0 1
Other 18 5 8 12 0 4 47
Aviation European 0 0 15 2 0 0 17
Pacific
Maori 0 0 2 0 0 0 2
Asian 0 0 0 0 0 0 0
Latin Am 0 0 0 0 0 0 0
African 0 0 0 0 0 0 0
Other 0 0 11 3 0 0 14
Other European 35 5 0 0 0 0 40
Pacific
Maori 10 1 0 0 0 0 11
Asian 1 0 0 0 0 0 1
Latin Am 0 0 0 0 0 0 0
African 0 0 0 0 0 0 0
Other 24 5 1 0 0 1 31
Gender total 470 65 215 49 231 66
Service total 535 264 297
Target total 1096

Measurements

A systematic approach was used to identify measurements of interest for the NZDF. First,
measurement profiles from the most recent lmgge military anthropometry surveys (United
Kingdom, United States, Canada, and Australia) were extraottdecorded (n= 255).

Next, duplicate measurements were removed based on inconsistencies in nomenclature
measurement description (n=155). A criterion was applied in which measurements common to thre
or more country protocols were automatically seldc (n=60). Sixteen additional NZDF
measurement profiles (currently in use within the NZDF) were added. For example, measurement
used in RNZAF Personnel and Selection (PERSEL) assessments; and measurements equivalent
the NZDF clothing (shirt and trousspecifications) for recruitment clothing sizing activities. Ten
measurements were later added from standards such as ISQ425049152]and DEF STAN 00
250 leaving a draft list of 86 measurements for the NZDFASIprofi

The draft list of measurements was reviewed by content experts. The physical (traditional)
measurements were peeviewed by an ISAK Level 3 criterion anthropometrist from the J.E.
Lindsay Carter Kinanthropometry Clinic and Archive (JELCKCA) at AU®.determine the most
valid, reliable, and feasible method of obtaining the body measures in the NZDFAS, a content expel
in 3D body scanning from the University of South Australia (UniSA) advised the project on the best
method to collect each measurem@uotomatically using the body scanner software, physically using
traditional tools or pogprocessed using a thighrty software)Measurements identified as potential
automatic measurements were taken forward for subsequent validation.

It was importantthat the NZDFAS profile incorporated as many automatic measurements as
possible to reduce participant burden and limit the number of physical measurements. Anthrosca
has the ability to obtain 160 automated measuremgri3], however, only 23 of the 160
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measurements were common within the 86 identified initially. The remaining 63 measuees we
derived by either physical or post processed methods. The accuracy of the 23 measurements requit
a separate validation. Measurements that did not pass validation were either derived physically, pos
processed, or removed from the study entirely.

Measurement validation

Two validation studies were conducted to assess the accuracy of automatic measurements deriv
from the body scanning process. The first utilised 3D body scan data from a population of UniSA
students (n = 90). The measurements wevegssed using the Anthroscan© automated measurement
software. The results were then compared to physical measurement data captured by ISAK Level
and 3 accredited anthropometrists (UniSA). The second validation study involved comparing
additional automat measurements with their equivalent physical measurements in 12 NZDF and
AUT personnel. The validation criteria were as follows, if the mean percentage difference betweer
automatic and physical measurements were <5% then the automatic measure wasedonside
acceptable.

Of the 23 measurements validated, 12 passed the 5% criteria while 11 measurements where st
accepted due to special circumstances. Head circumference and bust chest girth was not within tl
<5% threshold (7.7% and 5.4% mean differeré)was still added as an automatic measurement to
reduce participant burden. Crotch length was not validated but was included in the automatic
measurements as it was deemed too intrusive for physical measurement. Ankle girth, while <59%
threshold during th validation testing activities, was added to the automatic measurement list to
reduce participant measurement time. Weight was measured by the SECA scale that is built into tt
scanner platform and was calibrated with a 20 kg weight prior to each tesisgn. Neck girth
(opting to use neck girth base instead), shoulder length (no relevant design application), and wai
height omphallion (opting for waist girth) were removed from the list. Vertical trunk circumference
was measured using pgetocessingnethods as it was deemed too invasive for physical measurement
(Table6).

Based on the validation resul®aple6), a draft measurement list and protocol was-peeiewed
by content experts from the AUT SPRINZ and UniSA. This consultation led to a refined measuremen
protocol outlining how each measure was to be conducted using a body scanner, traditions
anthropom#y techniques, or advanced 3D processing software. To assist with the detiiiog
process, the project focussed on deriving as many measurements using the body scanner (whetl
automatic or posprocessed) as possible to reduce participant throughqliincrease participant
numbers.

Measurements that could not be performed consistently (e.g., the Vitus XXL produces low
resolution images for hands, fingers, and feet therefore) or practically (e.g., arm span, reaches
buttock to heel length extenidnbs outside the available scanning range) with the body scanner were
conducted physically (n=25). The remaining 38 measurements, three (discarded) automatis
measurements and a late addition (shoulder elbow length) formed the final 42 measurements to |
derived at the posprocessing stage. The final NZDFAS measurement profile consisted of 84
measurements. Séagure 11 for a breakdown of the measuremeti¢ntification, validation, and
selection process.
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Table6. NZDFAS automatic measurement validation results.

Measurement (mm) N % difference Decision
1. Body height 12 1.0 Validation pass
2. Breast height 12 1.4 Validation pass
3. Buttock girth 20 2.7 Validation pass
4. Buttock height 12 0.1 Validation pass
5. Calf girth 45 0.2 Validation pass
6. Elbow girth 12 3.0 Validation pass
7. Knee height 12 15 Validation pass
8. Neck girth base 40 0.8 Validation pass
9. Suprasternale 12 1.2 Validation pass
height
10. Thigh girth 38 1.8 Validation pass
11. Waist girth 12 3.1 Validation pass
12. Wrist girth 12 2.0 Validation pass
13. Ankle girth N/A N/A Not validated accepted to reduce
measurement time.
14. Crotch length - - Not validatedi accepted as not practical for
physical measurement.
15. Weight N/A N/A Not validated' 100% accuracy compared to
SECA manual scale.
16. Bust/chest girth 12 5.4* Validation faili accepted to reduce
measurement time.
17. Head 12 7.7* Validation faili accepted to reduce
circumference measurement time.
Final NZDFAS lis
Flcﬁgicrs.;\ia‘,; 5 | of 84 measurest
3.D\i::;(3r95?5uras _’i - ;n - o 1? > 17
1 5 5 | / au-::rr:(’ica\ . To be mezsurad in Anthroscan
e 3| ;
gy !
60 . S o I
) +16 ) 86 | Tobeatcated s t oyslce®
m"gg%‘:&d:: ¢ —l o be validated Pilot + validation :
76 k shou\ua--:rsle.\-\e-;n -TT= >|
l \ +38

—————————— Past-scan processing

25

Bssing (SME)

SME consultation

Figure 11. NZDFAS Measurement selection and testing process.
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Measurement extraction tools
The survey consisted of three importargasurement extraction tools and methods.

Physical (traditional) anthropometry measurements

The physical measurements utilised a stadiometer, anthropometry box, tapes, rulers, and variot
calipers following 2001 International Society of Kinanthropomett$AK), 2012 Australian
Warfighter Anthropometry Survey (AWAS), 2012 Canadian Forces Anthropometric Survey (CFAS),
2011 UK military 1ISO 7256, Human Solutions and JIS Z 8500:2[XB2] protocols and standards.
Anthropometrists were members of the NZDF and AUT who were trained to ISAK Level 1, 2, and 3
standards.

The measurement equipment was loaned from the AUT SPRINZ and calibrated before each dat
collection exerciseFigure 12 shows an example of how the measurement room was arranged,
although the layout varied depending on the location constraints.

Waist band preferred
belt

paROg w10

\

Anthropometer Segmometer Recorder
———— Rubbhing alcohol Stadiometer desk

Hand measurement - = Sanitizer y

boards
s Y
Chair

measurement Recorder

plate chair ( \

Foot

messurems DTA board
nt device

Table with
anthropometry
equipment

\\\\\ ’:' Brannock device

Eal

Measurement room layout

Figure 12. Measurement room equipment layout.

Automatic measurement (using Anthroscan software)

A Human Solutions Vitus XXL whole body laser scanner was used to scan each participant. The
scanner projects neionising laser light onto the body with the reflection captured by cameras as a
series of points (between 700,000 and 1,000,000), each witsiear coordinates which are sewn
together to create a 0disafdassll visbleadonisingred |dsdre s
light and was manufactured in compliance with the regulations of the U.S. Food and Drug
Administration pertaining ttaser safety (21CFR1040.10 and 21CDR1040135].

The scanner was calibrated at the start of every data collection day. The weight scale (built int
the platform) was calibrated each day using a 20 kg weight. Individual lagbt Bkgnment was
calibrated during the setup at each new location.

Seventeen automatic measurements were extracted using software called An{rigacaih3).
After extraction, the scan operator checked each scan image to confirm that the measurements we
successfully captured. Examples of automation errors are a circumference line heightitfregris
or lower than the intended location (e.g. thigh girth) or a circumference line around both left and right
thighs as opposed to one. These errors can be fixed by the operatscgmosising various
Anthroscan software tools.
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Figure 13. Anthroscan automatic measurement software.

Digital measurements (usir@ySizesoftware)

CySizeis a thirdparty software used by various military research organizations such as the
Defence Science Technology Group in Austrdli@gure14). CySizeis a powerful ad accurate tool
for analysing 3D data. It provides more-dapth measurement functionality (and tools) than
Anthroscan and can be used to make almost any measurement on the body providing the scan ime
quality is clear. The NZDFASySize measurement press is primarily based on the AWAS
Landmarking and Measurement man{86]. The 42 measurements extracted usiiypizeare
those which cannot be performed with acceptable accuracy automatically; or too slow to measur
physically (e.g. some measurements may requirerqueisite landmarks further increasing
measurement time such as vertical trunk circumference). This dneflbaved the operator to extract
these measurements pgsirvey.
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Figure 14. CySizgHeadus Ltd) measurement software. [Top] The user can select any region of the body
(green) then use the vario@ySizeools to determinethma x i mum dept h wi t hin the
caliper function). [Bottom[ySizecontains various landmark, measurement extraction tools and image
enhancement functions to obtain clear measurements.

Logistics and supply plan

The NZDFAS dateacollection activities occurred between February and September 2016. The
measurement team was selected based on their geographical posting (as opposed to having c
dedicated team for all survey locations). This was designed to minimise travel and acctomrmoda
costs. It also meant that the measurement team had a representative who was familiar with tr
base/camp surroundings and their peers (participants). The measurement team stayed on site at eit
the Officersé Mess or tstraaalles totall the surveydocdtians by Tam. o
All trial equipment (physical measurement tools and the body scanner) was transported in this var
Supplies, such as disinfectant wipes, landmarking stickers and stationery was delivered to pre
selected basexhead of time.

Communications plan

Prior to the study, an NZDFAS administration order was sent to all site (Point of Contacts) POCs.
This order formally documented the dates, participant targets and site requirements needed for ea
survey.
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Two weeks por to the survey, the project lead and site POC liaised to confirm target participants
numbers, and that the site, accommodation, meals, and IT requirements were ready for the survi
team. Within 7 days of the survey, the participant was given an infomsiteet relating to the
survey. Participants were able to volunteer through an expression of interest to their unit commande
or by making a booking using an online system that was based on the defence force intranet. Tt
participant list constantly chged, as some participants volunteered on the day, while others
withdrew due to operational priorities in advance. This made achieving the sampling targets ver
challenging and managing these required a high degree of flexibility with respect to planning
participant and survey team rosters. There were occasions when available time slots could not k
filled, despite regular communication with the POC. Sampling methods worked for better for some
services better than others. For example, the online bookitensyw/here participants picked and
chose times based on a live booking system managed by the POC) was more popular with Air Forc
personnel compared to Navy personnel. Purposive sampling (e.g., relying on POCs to identify
participants within their line cdommand who met specific demographic targets) achieved a greater
response rate for Army participants compared to Air Force and Navy. Overall, the most challenginc
service to survey was the Navy because (1) there is only Naval base in New Zealand $arg€2) a
proportion of Naval personnel are based on ships that are away from the base for months at a tin
hence the Navy achieving 44% of its original target.

The project lead and site POC were in regular communication throughout the survey to manag
any issues. Posurvey, the POC and base commander were emailed a summary of the survey
operation, results achieved (e.g., numbers surveyed) and gratitude f@othpration and support.

The relationship between the survey team and the POC is the most critical aspect for the survey.

Survey site assessment

Prior to data collection, the survey lead travelled to each base, and identified the most suitabl
locationto conduct the survey. It was important that the physical measurement rooms had no window
(or at least had the ability to cover windows), be private (free from normal walking traffic), be near
the body scanner and briefing rooms, have sufficient spagen(R 2.5 m minimum) for three people
including the measurer and scribe, and have appropriate heating or cooling devices. The body scanr
room required a ceiling height of at least 3 metres to accommodate the scanner poles, have a flo
space of 3.5 m 8.5 m, provide enough room for a desk and chair, and have lights that can be turnec
off.

Data collection took place within offices, hangers, training centres, conferences centres, an
gymnasiums across nine bases and camps throughout New Zealand. ¢maagirfacilities are
important but not crucial as participants were able to get changed inside the body scanner. Ideally, ¢
rooms (one briefing, two physical measurement, and a body scanner facility) are close together t
facilitate throughput.

Surveyprotocol

Data collection consisted of five stages that took between 35 and 45 minutes to complete pe
participant.

Stage 1: Briefing and informed consent (10 minutes)

Prior to their visit, all participants were issued with an information sheet and cdosantia
email. This contained information about the study aims and methods, atesfong instructions
(e.g., instructions on level of hydration and food intake, clothing, antept@g exercise). Upon
arrival, the receptionist greeted the particigaat the reception degkigurel5). Hard copies of the
information sheet and consent form were also available at the reception desk. The brief was conduct
Oot®ned or in | arge groups depending on the
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Each participant was verbally informed of the measurement procedures and their rights a
volunteers. Participants informed of their right to withdraw at any time without prejuditigipants
were given the option to be measured by a male or female anthropometrist. Participants were als
given the opportunity to have a support person with them during measurement. Participants wer
assured that their personal information (demographizody scan) will be kept private in a secure
location, and not shared with their peers, commanding officers, or other parties without the
participantés explicit permission.

After providing written informed consent, participants completed a short depiug
guestionnaire and were assigned a unique identification number usidgyid &ding convention.
The consent form was the only document | ink
name. Records and scan images for personnel in th&pégial Air Service (SAS) were stored
separately with defining features (tattoos) altered for privacy.

All participant demographic information in NZDFAS was recorded electronically using a
complementary software program famthroscanM calledPersonal Datg§PEDA). The demographic
information from PEDA was later integrated with the participants body scans according te their 6
digit ID number.

Figure 15. NZDFAS survey reception.

Stage 2: Change to forfitting clothing (5 minutes)

Participants were then shown to a private changing area so they could change into light coloure
sports or undergarments (tigfitting briefs for men, and highise underpants and stretch midriff tops
for women). Participants wore their own underwearyioled it was deemed acceptable for scanning
by an anthropometry team member. It was recommended that light coloured clothing (e.g. white
silver, light shade) was worn withinimal thickness to follow the natural contours of the bdde
light colours preide optimal reflection during the scanning process While the colour of the clothing
was strictly enforced in the information sheet, not all participants adhered. Participants were no
turned away if they wore the incorrect coloured or slightly incorrigtthd undergarments for
scanning. In our study, dark coloured undergarments did not affect the measurement result
(automatic or post processed) if the scan image showed the appropriate location of the landmarks (
which white stickered landmarks wereedson dark clothing). Shoes, socks, and jewellery were
removed, and if necessary, participants tied up their hair. All participants wore a tight swim cap on
their head All personal belongings were stored in a large plastic container for safekeeping (one
container per participant).
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In locations where changing rooms and measurements rooms were far apart, the anthropometris
would work together ensuring that no mrsurveying team members were in close vicinity.
Participants were not permitted to enter or leave the changing areayensasiuroom or scanning
area until they were authorised by their anthropometrist. If there were any delays, then they wore the
Personal Training (PT) gear until it was time to move station.

Stage 3: Landmarking (8 minutes) and physical measurementsiig€es)

Next the participants were landmark@geFigurel6 andFigurel7). The landmarks served two
purposes for the NZDFAS: (1) to aid identifying and recording physical measurements, and (2) for
identifying and implementing digital measurements after the scan. Prior to landmarking, all
participants were reminded of the procedfuvia a series of photos describing the landmarks and the
three postures they were required to assume during landmarking, physical measurement, and 3
scanning.

The required landmarks were marked on participants by trained anthropometrists. The
anthrommetrist were either an accredited ISAK Level 2 anthropometrist or have received suitable
training from a qualified Level 3 or 4 anthropometrist or senior staff mejh%é}. Participants were
given the option of being measured by arf@thale or alifemale measurement team if requiredr
optimal results and to minimise measurement error, a pair of anthropometrists were assigned to or
participant. One was the designated landmarker and measurer, the other an observer. Print
instruction booklets (containing all the landmarking andsueament procedures) were provided for
reference for the survey team. The measurement room also had a poster describing the appropri
scan posture for the participant. To identify each skeletal reference point, each landmark wa:
physically located bypplat i on on the body surface. They w
When landmarking was complete, anthropometristshexked the placement of their landmarks
before ticking the corresponding box on the datasheet to signify that the landmarkedralerated.

1 |
i Submandibular | Glabella

P 5 ) \ -, Acromion

_____________________ i right/left
i ] L
{ Waist preferred |
posterior
___________________
i Waist preferred
anterior

________________________
3o,

J" |
'Y B

Figure 16. NZDFAS landmarks required for physical measurements. These measurements have a dual
purpose of they can also be used for digital measurements except for menton ssdlfitandibular,
tragion (right and left) and trapezius.
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Posture 3

Figurel7z Some of the physical | andmar ks are convert
are used to identify and record digital measurements duringgosessing.

Next, the anthropometric team conducted the physical measurenfiéptse 18) One
anthropometrist acted as the recorder. Each measurement was repeated twice and entered into
Excel spreadsheet. Following the completion of all 25 physical measurements, a review of the
datasheet was conducted. Measurements falling outside of hainatinds were rehecked by the
anthropometrist, with a third measurement taken if the first and second measurements differed b
more than 1%. Note, a higher tolerance of 5% was used as thetésstdifference for index finger
reach, thumb tip reachrip reach, elbowgrip length, elbow rest height standing, bicep circumference
flexed, and arm span.

All measurements were taken on the right side of the body only as per ISAK pi@tdcdl the
participant had an injury on the right side, then the measurement would be taken on the left side, ar
a note explaining this change was recorded in their data sheet. Due to timgaestmo skinfold
measurements were taken during the NZDFAf&r the measurements, the recorder disinfected all
equipment in preparation for the next participant.
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Figure 18. NZDFAS physical measurements. Allpkfysical measurements were measured with traditional
anthropometric tools.

Stage 4: Scanning (15 minutes)

After the physical measurements, participants proceeded to the scanningd-igtea 19).
Participants were shown three postures to adopt during the scan. Posture 1 required participants
stand erect (with head in the Frankfpldne) with feet together, arms straight and relaxed to the side
with palms facing medially with fingers fully extended and thumbs facing anteriorly at right angles
to the fingers. Posture 2 required participants to stand in the same position but wstiotdder
width apart, and the arms abducted away from the area with a 45° bend in the elbow and forearrm
vertically positioned (i.e., perpendicular to the ground). Posture 3 required participants to be seatec
in an erect seating posture and the headamlort plane. The arms were bent to 90° at the elbow
with the base of the forearm in line with the thighs. Fingers were extended at 90° to the thumb. Fee
were flat against the ground with both feet facing anteriorly at less than shoulder width apart. Th
seat was adjusted at a height that facilitated a 90° knee bend.

For optimal scan results, the timing of the prompt must be clear, consistent, and accurate
Movement during the scan can result in inaccurate automatic and digital measufdmieritee
most obvious errors in peptocessing occurred when participants were standing in an asymmetric
stance (alteringie x,y,z coordinates) with an offset vertical back and neck alignment.

At the start of the scan, participants were asked to breathe in, breath out slowly, and then hold the
breath for 10 seconds. The breath was held (after fully exhaled) when thevéssbetween the
shoulders and the mithigh region, to minimise movement artefacts. Normal breathing resumed after
the scan was completed.
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Figure 19. Body scanning process (left to right) posturing, body scan and checkingaedging. Note that
the lights are turned off during an actual scan. Light clothing is also desired, if not available than dark
clothing will suffice.

The first two scan postures were from a standing posikmufe20). The final scan, in a seated
position, was taken using the body scanner platform seat. The seat was height adjustable and cot
be removed from the platform. Participants weositioned so that their buttocks and upper thighs
were completely on the seat surface. The technician ensured that their knees were bent to 90° wi
both feet flat on the floor and facing forward. Foot stools were available but were rarely required. It
was important that there was enough distance between the elbows and the lateral side of the torso.
3D phenomenon known as O6webbingd may appear
body. Scanning only commenced when the technician was eatrgth the posture. Each scan lasted
approximately 12 seconds and produced a 3D image of the participant. After each scan, participan
relaxed their posture while the technician visually inspected their scan image. The operator checke
each individual san for a) presence of all stickered landmarks, b) correct posture, and c) that all
necessary scan files (e.g. weight file from théuilt scale). If the technician was not happy with the
scan results, then the scan was repeated.
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Figure 20. The three scanning postures: Posture 1 (left), Posture 2 (centre) and seated Posture 3 (right). The
black stickers represent the stickered landmarks required for the digital measurements.

Figure 20 shows the three scanning postures. From left to right: Posture 1 (feet together, arm:s
straight at the side, fingers flat and extended with palms facing towards the inner thigh), Posture 2 ¢
standard pose (feet shoulder width apart while pointing forward, arms out to the side with a 45° elbow
bend, both forearms vertical, fingers extended and palms facing the thigh), and Posture 3 or sittin
pose (elbows and knees bent to 90°, back erect, bettskare aligned vertically above feet, knees
slightly apart, both palms facing medially, fingers fully extended, and thumbs towards the ceiling).
All three postures required the participanto

Stage 5: Participants get anged back into their regular clothing (5 minutes)

After scanning was complete, the survey team would remove and dispose of the landmark stickel
and wipe the penned landmarks with skin appropriate alcohol wipes. Participants were ushered bac
to the changg area where they changed back into their clothes. The participant was then directec
back to reception area with their completed datasheet and belongings, and then released from the d
collection process.

Privacy and data management

Participant names were replaced with the identifier code administered during the brief. This code
was used to label all data associated with the participant. The project lead was the only individua
with the master s pr e ads he getvicelnumbdr iamd gdentifierecodg a r
During the project, only the project lead and named investigators had access to the data collected.

All electronic data were stored on password protected computers at AUT and will be held for 10
years. Papebased dta (informed consent forms) were stored in a secure location at DTA. Following
the 10year storage period, all hard copies of data will be destroyed (shredded).

At the completion of each data collection day, the raw body scan data and digital demographi
data was copied to three 3 TB external hard drives. Each individual participant file was approximately
400 MB. This consisted of body scan data (bsf, obj, ply, and demographic files), excel files (physica
measurements and outputs from the Anthroscamaaiio measurement function). Survey data were
not transmitted over the internet.
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Analysis

Initial clean

After the completion of the survey, all raw data (e.g. demographics in PEDA format, physical
excel data and raw body scan data) were savedalaters (based on the unique identifier code) and
by survey site (e.g. Whenuapai). An audit was conducted to ensure all necessary files were presel
Any missing files were investigated further. Examples of errors were misspelled participant service
numbes, identifier numbers, the absence of the weight file, or files being misplaced (saved in anothe
participantoés folder).

Automatic measurement

The body scan images were uploaded to a Human Solutions Anthroscan© scan databas
Anthroscan utilises propriataalgorithm and measurement definitions derived from ISO 7250 and
ISO 8559 to automatically detect the required 17 measurements. All three scan postures (postures
to 3) were uploaded along with the demographic (PEDA) information for each participaxtract
the automatic measurements, the operator followed Section 6.5 (Running an Automatec
Measurement) of the Anthroscan User Manual [17]. Note, the automatic measurements are conduct
on scan posture 2 onlfigure21). Scan postures 1 and 3 were uploaded for reference only. The
operator then checked each scan for measurement errors, such as the positioning of the hair bun dur
head circumferencemeasurementd able7 shows common issues and how they were rectified. All
measurements were then exported to an Excel spreadsheet using the exgiort. flincs was
combined with their corresponding demographic information that included participant ID, service
number, location, gender, trade, ethnicity, age, service, handedness, years of service, and unifor
sizing information.

A o
0010
‘! ’ Inter achve Messuae

187.2 cm

Body height

g

oo - ¢ [ & |

Figure 21. Output of Anthroscan automatic measurement based on scan posture 2.
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Table7. Automatic measurements analysis challenges and solutions.

Issue

Solution

Head circumference for many of the female  Skip this measure as moving the line ab:

participants the head circumference line v
drawn around a hair bun. This exaggera
their head circumference results. The line n
also be crooked (see photos A andidgaire22)

Neck base girthi the line drawn by the
software does not follow the natural curvatt
of the base of the neck (see photsigure22).

Crotch lengthi if participants are wearin
loose fitting shorts it will affect the accurac
of this measurement. Close fittir
undergarments were recommended but no
participants wore these during the assessr
(see photo Dn Figure22).

or below the hair bun will render th
measure inconsistent with the definition
If the line is crooked, then adjust
moving the front or back dhe line until it
is horizontal to the ground.

For future data collection ensure the h
bun is below eye height.

Adjust by moving the measurenteime
until it conforms to the shape of the nec

If the shorts are too loose then skip t
measure.

For future data collection, ensu
participants are wearing the approprii
undergarment.

Figure 22. Examples of measurements which required checking, adjustments, or in extreme cases, removal.
In photo A the yellow line should be horizontal, in B the yellow line is drawn around the hair bun, in C the
yellow line does not cooifim to the base of the neck, and in D the lefiiiag shorts prevented an accurate
crotch measurement.

Physical measurements

Participants6é individual physical measur e me
in Table8) displays the percentage difference betweeffitsisand second measurements. If this was
outside the respective tolerances, then the
is calculated as opposed to a mean). The tolerances and correction factors were reviewed al
approved by a Level &thropometrist from AUT.
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Table8. Part of the physical measur ement 6s
ID Code: Req. Raw % 3rd Median+
150618002 Criteria Measurement difference Measure? Median correction
Measurer
initials: SK 1 2 3

1 Seated height 1% 96.9 96.8 -0.1% No 96.9 96.9

2 Head length 1% 20.1 20.3 1.0% No 20.2 20.2

3 Head breadth 1% 155 15.6 0.6% No 15.6 15.6
Bizygomatic

4 Dbreadth 1% 13.2 13.2 0.0% No 13.2 13.2
Bitragion
mandibular

5 arc 1% 31.8 32.2 315 1.3% Yes 31.8 31.8
Interpapillary

6 breadth 5% 58 57 -1.7% No 5.8 5.8
Index finger

7 reach 5% 88.4 90.2 2.0% No 89.3 90.4
Thumb tip

8 reach 5% 85.9 84.0 -2.2% No 85.0 86.1

9 Grip reach 5% 79.3 78.7 -0.8% No 79.0 79.4
Elbow-grip

10 length 5% 38.4 37.6 -2.1% No 38.0 37.3
Elbow rest
height

11 standing 5% 70.3 70.3 0.0% No 70.3 110.6
Forearm-
forearm

12 breadth 1% 553 58.2 536 5.2% Yes 55.3 55.3
Bicep
circumference,

13 flexed 5% 38,5 37.9 -1.6% No 38.2 38.2

14 Arm span 5% 192.6 192.3 -0.2% No 192.5 192.5
Buttock-heel

15 length 1% 107.4 108.0 0.6% No 107.7 107.7
Index finger

16 breadth distal 1% 16 1.6 0.0% No 1.6 1.6
Index finger
breadth

17 proximal 1% 2.0 19 20 -5.0% Yes 2.0 2.0

18 Hand breadth 1% 85 85 0.0% No 8.5 8.5

19 Palm length 1% 12.7 13.0 2.4% Yes 12.9 12.9

20 Hand length 1% 21.8 22.1 1.4% Yes 22.0 22.0
Hand

21 circumference 1% 209 211 1.0% No 21.0 21.0

22 Foot length 1% 27.4 27.7 275 1.1% Yes 27.5 27.5

7
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24

25

Ball of foot

length 1% 20.0 19.8 -1.0% No 19.9 19.9
Foot breadth 1% 10.2 99 9.8 -2.9% Yes 9.9 9.9
Ball of foot

circumference 1% 254 249 24.6 -2.0% Yes 24.9 24.9

Digital (CySiz¢ measurements

Extensive research has been conducted on finding the most suitable scan posture to extract ec
CySizemeasure. Each measurement and associated landmark are recorded in one of three sc
postures (Posture 1, 2, or 3). Thigasensure that the measurements are made in the most logical
position. For example, buttock to knee length can only be found when the participant is in a sitting
position (Posture 3) and not standing as in Postures 1 and 2. Ectocanthus (an indicatodifay st
eye height) is recorded in Posture 1 where both feet are together. In Posture 2, feet are shoulder wic
apart which is not consistent with this measurement definition. For consistency, each measure is on
recorded from one posture. Some landmaskeh as ectocanthus can be used in multiple
measurements (e.g. Eye height standing or sitting). The 42 measurements represent measureme
that could not be recorded either accurately or quickly using physical or automatic methods.

Measurements extractedingCySizewere based on the methodology developed by URi3A,
156]. If no instructions existed (due to f@difences in measurement lists between Australia and New
Zealand) then DTA developed a new procedure for the measure. The procedureCiSizd|
measurements are detailed within the Measurements and Normative data section at the end of tt
book. There wre various challenges with tlgySizeassessment that needed to be addrg3sdalie
9).

A total of 42 measurements were recorded usiy&ize software developed by Headus Ltd,
Australia. CySizehas been used successfully by various international military organisations, most
notably in Australia. The software has tools that can extract aecmedsurements from 3D point
cloud image files. Many of these tools are not part of the 3D body scanner software.

This section is designed for operators who are trained tGySize For users who are new to this
software, please read resourfEk7, 156]that provide comprehensive instructions on hopwrepare
data files, identify and save landmarks and measurerfies8$ Before usingCySize raw image
scan files from the 3D body scanner software (Anthroscan) must bertsmhw&o a form that is
usable inCySize[140]. Figure24 provides a summary of the NZDFAS/Sizeprocess.
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Table9. CySizechallenges and solutions.

Issue

Difficulty in seeing all landmarks clearly
Some landmarks are obstructed from view |
to a digital phenomenon or artefactown as
Owebbingé6. Webbing
of the body are too close together and
software connect s-likd
feature as a bproduct of the surfac
reconstruction (see items labelled ARigure
23

mesh ca
6l acer

The surface
inthes ki n or
item B Figure23)

a

Unknown artefact or objects in the scan. |
example, see item labellediCFigure23.

Inter-operator reliabilityT the difference in
how each operator terprets a landmarkin
location.

Participant scan images are-affis (i.e. not in
an x Yy, z compatible pagon). This can be
partly due to incorrect body posturing (by t
scan operator) within the scanner. |
example, a participant may be facing sligr
to the right, or bo
right. This often happens when participants
not plced in the Frankfdrtplane in the
scanner.

Solution
1 Re-calculate the automatic bodyautofill
function. Modify starting position from

different point on the slice.

Zoom in on the webbing, sometimes there
small Ohol esd where
through unimpeded providing it is still in t
approximate vicinity.

Alternatively, take the measure above or bel
the webbing, providing it still meet
requirements in the measurement protc
definition.

If the webbing is too extensive, skip thi
measurement.

=

Recalculate auto bodil .

If this problem persists, skip this measure.
This is an artefact of the merging of sc
patches and could be corrected in Anthrosc:

E

Recalculate auto bodil .

Try an alternative location. For example, 1
purple patch (patch C ifrigure 23) hinders
placement of the Seat pan height landmark.
finding this onthe opposite side of the seat pi
In this case, only the Ycoordinateof the
landmark is requiredi regardless of the
horizontal location on the seat pan.

If in doubt, skip this measure.

E =

Regular meetings (weekly or fortnightly)
communicate concerns or discrepancies.
Development of an issuesgisterthat the leac
researcher will check and provide feedback
The leadesearcher conducted regular check
the CySizemeasur er 0s |l an
and measurement positions.

CySizehas developed an X, y, z correction tc
This allows the image to be-etigned to the
correct plane prior to taking measurements.
If body posture is extremely oéxis then
consider skipping this individual. This can

addressed with using a third patbol such as
Meshlabs (ISFCNR, Krnataka, India).

! The Frankfort plane refers to a straight, horizontal line between the Orbitale (bottom edge of the eye socket) and the

Tragion (the notch superior to the tragus of the ear). This is the correct head position for measuring height [9].
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Figure 23. Common artefacts witBySizeanalysis: webbed skin (A), holes on the surface (B) or unknown

objects (C).

ANALYSIS: EXTRACTING DIGITAL (CYSLICE) MEASUREMENTS PROCEDURE

Compile scan
folders

bsf to obj conversion

_obj to_ply conversion

ply to BAFply
conversion

S R

Measure scans in
Cyslice

Completed results
become slice files

S

Export to Excel

Check that each participant folder has a Standard.bsf, file in their respective folders.

Perform this function with the PC plugged into the body scanner.

Turn on Anthroscan software.

Open the DRDC file conversion script and specify the input directory (where the .bsf files are contained).
Specify which posture to convert first (e.g. P01 —P03).

The script will convert all .bsf files inta .obj, placing the .obj in their
postures (separately).

If the script fails, move the erroneous folder to a separate conversion issues folder and press continue.
The script will continue from the last failed attempt.

For full instructions follow the BDF to OBJ Converter instruction manual.

ginal folders. Perform for all 3

Open CySlice and activate the Batch OB) Convert tool. Specify location of the .obj converted in previous
step. CySlice will now convert all .obj files to .ply extensions.

The .ply files may have ‘patches’ of the skin surface missing. To resolve, use the CySlice Bady Auto Fill
(BAF) function to repair these holes. This function converts the file to a .BAF.ply extension.

Conduct measurements in CySlice (v3.4) Ensure that the CySlice dongle (there are two) is plugged into the
laptop.

For basic tools, measurement pl andr ion consult the Australian Warfighter Anthropometry
Survey (AWAS) Landmark and measurement guide and Procedures Manual.

For specific instructions on measuring the NZDFAS measurements consult the NZDFAS Measurement protacol.

All completed Cyslice profiles are given a .slice file extension.

After all measures have been saved. Use CySlice ‘BATCH CSV export’ function to export all measures into one
spreadsheet. It is important to process one posture at a time as each posture has a different set of
measurements.

This function searches all .slice files and extracts the measurement data into an Excel spreadsheet.
Reorganise the spreadsheet so that the identifier code is in the first column, followed by (from left to right)
measures for Posture 1, Posture 2 and Posture 3. There should be 43 measurements into total per participant.
Use R or Excel to add the CySlice results into the MAIN DATASET. Perform statistics logic checks on the CySlice
data

DRDC File Conversion Script

Tool for Batch Converting [.Bsf] Files to [.0bj) in Scanbork 3.8.5

Burgese

This application is capable of converting a large set of [.bsf] scans to the
[-6b]] format in ScanWorX. Using the pywinaute library, this application
mimics all the keyboard/mouse interactions the user would need to make with
Scankiori, and contirues until all the scans in the given directory have boen
converted. The comversion process itself is still taken care of by ScakorX,
ot this application. By automating the comversion process, this application
elininates the need for the user to mamally convert each scan by hand-which

lous 1f there are thousands of scans to proces:

Getting Started

Click on the installer, “BSF to 08) Batch Comverter.exe”, 35 Shown
on the right. ALl the required files for this application ane
stored as & packsge within this Lnstaller.

hen , click "Extract” to extract the required files for
‘this application to a desired losation.

[T

S

(B0

» Press Extract buton o st exraction:

+ Use Browse buton 1o sekect the destinaion folder
o the fokders e |t cam be abso enteved
macaly

& Ithe destnasin folder docs ot exist, #will be
created sscematcaly before exracin.

Sesraten e )
B T e .

G

To run this application, you require:

]

N

Sections
Volumes
Curvatures
Mesh Tools
e & Export

Batch OBJ Convert
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Figure 24. The NZDFAXZySizaneasurement process.
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Concatenate all data

Once all measurements were completedCy®izeresults were combined with the demographic,
physical, and automatic data to form the full NZDFAS dataset.

Statistics and logic checks
A series of data preparation stepg(re25) were then performed using the R statistical software:

Obtain main

dataset *  Scanner calibration results saved automatically to Anthroscan.
*  Regression checks performed, outliers identified and checked (cross-referenced

with scan and measurement data).

r N
Independent outlier *  The data were visualised (using scatter plots, density plots, and box plots) to
check identify possible outliers. Obvious spurious data or entry errors were removed
\ y and imputed using the process described above.
|
r ™
Imputation to fill in *  Missing values were estimated by nonparametric imputation with random
missing values. forests. This was implemented using the “missForest” R package. The
estimated imputation error (normalised root mean squared error) was 0.03.
., r
1
Logic checks

*  Logic checks were performed to identify potential errors {(e.g., Elbow grip
length < Grip reach; Hand breadth < Hand length; Elbow girth < Body height).

* A crosscheck was performed to ensure identifier codes far physical and Cyslice

Demagraphic and data match those recorded in the PEDA codes and consent forms.

personnel checks

*  Tables of summary statistics (with distribution and percentile information)
Convert main were created for each measurement.
dataset into *  Distribution plots were created for each measurement, highlighting differences
proforma/protocal. between gender and the three NZDF services.
*  Photographs and screenshots from Anthroscan and CySlice were used to
support the statistics data and illustrate the measurement protocol.

hJ

Figure 25. Final check procedures for the NZDFS data

Summary

This section describedhe methodology of the 2018018 New Zealand Defence Force
Anthropometry.The methodologywasconsistent with previous military surveys with the exception
of automatd and some pogirocessed measuremeris. this was the first study of its kind in New
Zealand,it is hoped that future surveys will buithd improve on these methods to suit fiterre
needs of the New Zealand Defence Force.
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PART Vi CONCLUSIONS

The purpose of this book was to educate other researchers who are planning on conducting a larg
scale antfopometry survey using-B body scanning technolog¥his was achieved by describing
the fundamental concepts (with examples) of anthropometry, 3D body scanning, military
anthropometric surveys. These concepts helped shape the methodology of the NetviZefalace
Force Anthropometric Survey in Part IV.

Part | introduced Kinanthropometry and anthropometry. Early anthropometric measurements wer:
mostly conducted by hand using traditional tools. There are many anthropometric protocols in
existence but stillhere is no universal protocol. One of the reasons is that different disciplines may
require different sets of measurements which has resulted in standards targeted for their own industr
Part Il described the different types of 3D body scanning tecgpée.g. laser, structured, multiview,
millimeter wave and infrared), its applications in various industries (i.e. clothing, health, ergonomics
and sports science) and described its advantages (e.g. the ability to take rapid, automate
measurements, andhdreased number of measurements) and disadvantages (e.g. cost, lack o
landmarking, missing data, security and confidentiality) compared to traditional measurement
techniques. Part Ill summariseeight of the most recent (and publicly availabla)ilitary
anthropometric surveysonducted within the last two decades. The purpose of this was to understand
how anthropometric surveys utilised traditional and 3D body scan measurements. The table i
Appendix B provided one of the first published attempts at coimdpivariables from multiple
military surveys that have used body scanning technology. Part IV described the methodology of th
201618 New Zealand Defence Force Anthropometric Survey which was developed based on the
information in Parts | to Ill. The suey culminated in a comprehensive measurement protocol and
summary statistics presented in Appendix B.

The following are key observations from the NZDFAS survey in relation to the topics presented
in Parts | to lll. It is hoped that future researchers taile these factors into consideration when
planning their respective surveys.

Validating measurements is an important part of the survey planning process and should never t
taken lightly. This is particularly important when attempting to use automaasiurements. Despite
the accuracy claims by various 3D body scanner manufacturers, it is important to conduct your owt
validati on. That I s, benchmarking the perfo
standard6é i n our c@anentst Hurthermoneave repomsend theadllowimge a

1 Conduct the validation under supervision of a criterion measurer (e.g. ISAK level 3+ or an
experienced anthropometrist)

1 Compare measurements that have the same measurement definitions (e.g. if the scann
system records chest girth at thelion height then the physical measurement should also b
taken at this point)

1 Consider the effect of scan posture in the validation process (e.g. some scanner systen
capture height from a posture that requires feet skowlddth apart, while traditional
definitions may require feet together)

1 Incorporate redundancies should measurements fail initial validation. For example, if the
automated measurement fails, consider capturing it physically eppmstssed depending
on how much time you have with (a) tparticipant(b) your survey team

1 Whilst some measurements could fail the validation, determine whether the failure criteria
is meaningful in the context of the application of the measurement. For example, is 5%
error forsleeve length necessarily negative from a clothing design perspective?

If possible, leverage information, techniques, and datasets from other surveys or even bette
personnel who led their respective studies. The NZDFAS would not have been possil tiveh
support from various international military organisations. Every project lead has a story to tell and
developed methods that worked well for them (and can talk about those which did not). From oul

experience, the international military anthropomeésearch community is very welcoming to new
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and inexperienced members. While it is nice to receive, it is also important to give, share and rela
your own findings where possible (depending on your organisation), military anthropometry is very
much a tem effort.

Training the data collection is very important. Depending on the organisation, anthropometry
teams are either trained internally -fiouse) or trained by external agencies such as ISAK.
Anecdotally, more organizations are opting to train their data doltetdams with ISAK. However,
it must be advised that most military anthropometric measurements (e.g. ANSUR Il and all protocols
that are based on it) are very different to ISAK. Measurement differences aside, one of the mos
important benefits of trainingnilitary anthropometrists through ISAK is measurement etiquette.
ISAK is excellent at teaching the fundamentals of measuring (e.g. how to use calipers and tape
accurately and efficiently). The breadth of teaching material covered in the ISAK coursalaorri
is a must for new military anthropometrists.

In terms of selecting an anthropometry team, consider selecting individuals who are good tean
players with social skills. Sometimes these traits are just as important as measurement accuracy. Frc
expere n c e, I have witnessed a | ot of compl acen:
duties) within our best or most accurate measurers, while other (less accurate) team members work
tirelessly and were more committed to the cause. Thereforagimgnthese dynamics within your
data collection is important for ensuring the quality of the measurement outputs while avoiding
fatigue (which may lead to increased errors and reduced accuracy).

Finally, if you are new to leading anthropometric survegprepared to makaistakesa lot of
mistakes] n my case, I experienced a |l ot of o&6tri
Therefore, when planning initial project tir
every phas of the project (e.qg. training, scanner familiarisation, analysis, measurement identification
and validation). From discussions with fellow national survey leads, the completion of-adalge
anthropometric survey (from project initiation to submissibfinal report) can take anywhere up 5
to 6 years depending on funding and resources available. The NZDFAS project took approximatel
5 years to complete. For a country with an active service population of around 9,000 this (compare:
to larger nations) @as relatively a slow burn. However, it was a big learning curve for all involved
which will serve the NzZDF well for future su
important.

In conclusion, 3D body scanning shows enormous potentiab$istang military anthropometric
surveys. While many surveys still take predominately physical or traditional measurements, the
uptake of 3D body scanning is steadily increasing amongst military nations and their respective
surveys. The NZDFAS produced N&®alands first 3D anthropometric dataset that is now available
to the NZDF and comparable to international militaries. It is important that we build on this body of
work for future anthropometric surveys in New Zealand to ensure that anthropometricaygiked
correctly to ergonomic, engineering and design problems. We hope that future researchers can u
this material, methods and subsequent lessons to plan surveys for their respective organisations.
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PART VI - MEASUREMENTS AND NORMATIVE DATA FOR THE NEW ZEALAND
DEFENCE FORCE (NZDF) KINANTHROPOMETRY SURVEY

Stephven KoloseRatria HumeGrant Tomkinson, Arthur Stewart, Tom Stewart, Stephen Legg

Introduction

Data are for 1,003 (791 male and 212 female) New Zealand military personnel who had 84 physique
measures obtained manually using surface anthropometry and digitally using a 3Davody.sc

How to read the proformas

The physique proformas have been created from data from the 1,003 (791 male and 212 female) Ne
Zealand military personnel who had 85 physique measures obtained manually using surface anthropomet
and digitally using a 3Dody scanner. The purpose of these proformas is to provide a clear and concise recorc
of the measurement protocol used for each physique variable, and the data summary statistics. The data is
newest and most comprehensive anthropometric dataset oZ&bdandersTo assist with the application of
the data for research purposes (e.g. for ergonomics, health research or design activities etc) each bo
measurement proforma (comprising of two pages) was developed to be used as a quick referefiteeguide.
first page of each proforma presents general information regarding the origin of each measurement, instructiot
on how to capture the landmarks and measurements and an illustration of the measurement.

The key for interpreting the
information on thdirst page (se€&igure
26 for an example): 3
1. Measurement name.

2. Whether the measure is a physical 4

1 Buttock depth

Digital measurement (mm)2

Measuring instrument:
CySlhce

Source:
UK Anthropometry Survey, NZDFAS

(manual anthropometric), automati

Fps Definition:
(CompUter calcu Iated) ’ or dlg |ta| 5 The :r'xa:i:\um circumference of the body (excluding the appendages) st or sbout the height of the hip. This
measurement (USi ng Compute measure must be taken below the height of the iliac crest in Anthroscan

Landmark required:
None as the caliper function is used.

software), and the units.
3. Measurement equipment used (e.

H : Posture required:
PhySICaI! Anthroscan automatic o 7 Scan position posture 1. Stand with feet together. arms straight at the sides with the palms facing in towards the
CyS| zetool). glng:k;:g:;s n;ogelher and extended with the thumb facing forward. Stand with back erect and head in the
4. The source of the measuremen s
. s, rocedure:
definition. 8 In CySlice use the caliper tool. When viewed from the side, highlight the ares of the buttocks that is sbove the
height of the crotch and below the level of the lliocristale right iandmark, Avoid rtefacts of webbing be
5. The measurement definition. 5 ight v s e . Sehck the X haetion i reste cosonét hen) 0 fecond e depli Modsumaents sve
6. Landmark(s) required. Notethat feporied i om,
automatic measures do not requir Q Reference
Pringle. R. H., Puxley, A. J., Puxiey, K P. M., Tumer, G. M., & Tyrell, A. K. (2011). Anthropometry Survey of UK
landmarks. Militery Personnel 2006-7 (Issue 3) (QINETIQI07/01821/3.0): QinetiQ Ltd.
7. Posture required ref?rs to a) specifi Kolose, 5. Hume, P. A, Stewart, A, Tomkinson, G, Stewart, A. D.. & Legg, S. J. (2020). Size and Shape of the
postures for the phys|ca| measuremen New Zealand Defence Force 2012: A 3D scanning survey. Auckland: Auckland University of Technology.
and b) body scan postures 1 to 3. Notes:
) y p . U:e uswe Crosshair tool to align the participants posture. If the measurement is taken on a fold or cresse in the briefs,
8 . The procedure deSC“ beS the StepS th consider remeasuring. If the anterior portion of the measure is taken on the male genitslia make minor adjustments
the assessor, body scan operator fo.move he polnt swey.
CySize operator mat perform to
extract the measurements.
9.  Full citation of the protocols named in
the O6Sourcebd6 sect
10. Notes refer to special instructions tha

Figure 26. Example of the first page of

the assessor must consider. Thes
instructions are those which do not fit]
under the previous headings.

proforma content.
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Bust chest girth

Autornetic messuremeant (mm)

fur Fowca
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Mayy

1
Air Force  Army
JB0 218 o4 P 8 G N o T2 L I O A
10541 1040 | 1053 : 1075 Mean ! 047 | D84 | 0BT | 050
a3 o1 70 . 88 . SO : 70 73 | e | 78
824 824 887 | B0 | Min 700 820 | g27 | TO0
1321F 1321 1300 ; 1285 Max ;i 1138 | 1174 | 1226 ; 1228
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Figure27. Example of Page 2 of proforma content.
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The second page of each
proforma presents (seéigure
27):

I Summary statistics table
(e.g., showing sample size,
mean, standard deviation,
minimum, maximum, and
percentiles [199]).

1 A density plot which shows
the measurement distribution.
The vertical bars represent the
sample mean.

1 A violin plot (with a builtin
boxplot) is an alternative view
of the measurement
distribution.

Both the density and
violin plots show data for
gender (male, female) and
service type (Army, Air
Force or Navy).



Abdominal extension depth sitting- Postprocessed measurement (mm)

Measuring instrument:
CySize Measurements should be in mm.

Source:
ANSUR.

Definition:
Thehorizontal distance between the Abdominal Point Anterior and a point on the back at the same level.

Landmark required:
None.

Posture required:

Scan position posture 3. Ensure that the participant is sitting with their knee bent at a 90. Thocenkdyemoving the

body scanner seat up or down. This can also be facilitated by aligning the popliteal fossa (vertically) in line with Pternion
(back of the foot).

Procedure:
In CySizeuse thecalipertool. View from the front. Create a rectangle atshee level as themphalion Select the X
function (to create a coronal plan) to record the depth. Measurements are reported in mm.

Reference:

Gordon, C.C., Blackwell, C.L., Bradtmiller, B., Parham, J.L., Barrientos, P., Paquette, S.P., Corner, B,,J2drso

Venezia, J.C., Rockwell, B.M., Mucher, M., Kristensen, S., 2014. 2012 Anthropometric survey of U.S. army personnel:
Methods and summary statistics., Natick Soldier Research, Development of Engineering Center, Yellow Springs, Ohio,
U.S. (p46).

Kolose, S., Hume, P.A., Tomkinson, G.R., Stewart, A., Stewart, T., Legg, S.J. (2021}dithessional physique
assessment in the military: New Zealand Defence Force Anthropometry Survey protocols and summary statistics.,
SPRINZ: Auckland, New Zealand.

Notes:
The Omphalionis often obscured due to shadowing caused by the hands. If the Omphalion is not visible, then skip this
measure.
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Abdominal extension depthitting summary statistics Postprocessed measurement (mm)

790 216 486 88 N 72 97 43 212
273 271 272 281 i Mean 236 250 254 i 246
35 38 33 41 SD 34 33 37 35
161 161 203 210 Min 181 195 194 : 181
400 400 390 396 Max 342 351 352 ¢ 352
379 379 366 396 P99 338 351 348 : 350
359 362 350 385 P98 324 338 343 | 341
350 353 344 368 P97 306 331 339 ¢ 335
340 340 335 359 P95 293 320 329 : 312
322 326 313 347 P90 280 294 306 : 292
307 310 305 332 P85 271 280 293 i 279
299 298 297 317 P80 267 273 274 + 271
292 292 291 300 P75 261 265 266 | 264
285 286 285 285 P70 252 259 261 { 259
280 278 281 278 P65 241 255 259 i 254
275 273 276 276 P60 235 252 256 i 252
271 268 272 274 P55 234 248 253 | 246
267 265 268 271 PS50 231 242 252 i 240
265 262 265 266 P45 224 238 249 : 235
261 259 262 264 P40 220 235 242 i 233
256 254 256 259 P35 218 233 239 { 230
251 251 251 258 P30 216 232 234 i+ 225
248 244 248 254 P25 211 227 228 { 220
243 239 244 245 P20 209 223 226 { 216
237 236 238 240 P15 202 218 219 1 213
232 229 233 237 P10 200 215 213 i 209
227 223 227 233 PS5 193 210 208 { 201
222 218 223 231 P3 187 209 203 i 197
218 215 219 230 P2 186 208 200 i 194
210 207 213 227 P1 185 204 197 i 187

Distribution plots for each service and gender

Vertical bars are the mean for each group 400
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Acromiale height sitting - Postprocessed measurement (mm)

Measuring instrument:
CySize Measurements should be in mm.

Source:
AWAS, NZDFAS.

Definition:
The vertical distance between a sitting surface and the Ragtt Top landmark.

Landmark required:
AcromialeRight and Seat Pan Height landmarks.

Posture required:

Scan position posture 2. Stand with feet shoulder width apart, trunk and head are erect with eyes looking forward. The upp
arms arebducted away from the body with the forearms handing vertically. All fingers are together and extended with the palrr
facing (medially) the thigh and the thumb pointing forward.

Procedure:

The acromiale points may be misplaced or difficult to ¥¢ith "Colour" mode off, follow the bony ridge of the top shoulder.
These points should be |l ocated at the end of thisnThs$ dge
measure is represented by the Y coordinate (mm on trev¥rtical axis) of the Acromiale landmark (the superior aspect of the
most lateral part of the acromion border) minus the Y coordinate (mm on the Y or vertical axis) of the Seat Pan Heigkt (top e
or surface of the body scanner seat) landmark in Ro8tufhis calculation is performed in Excel. Measurements are reported
in mm.

Reference:

Tomkinson, G. R., Daniell, N., Dale, M., & Bowler, T. (2012). Australian Warfighter Anthropometry Survey (AWAS):
Landmarking and measurement manual. Adelaide, Aistrilealth and Use of Time Group, Sansom Institute for Health
Research, University of South Australia.

Kolose, S., Hume, P.A., Tomkinson, G.R., Stewart, A., Stewart, T., Legg, S.J. (2021}diFhessional physique assessment
in the military: NewZealand Defence Force Anthropometry Survey protocols and summary statistics., SPRINZ: Auckland,
New Zealand.

Notes:
Ensure that the participant is sitting erect.
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Acromiale height sittingsummary statistics Postprocessed measurement (mm)

97

Army Air Force

Navy

790 216 486 88 N 72 97 43 212
623 625 623 616 i Mean 593 600 589 i 595
30 28 30 28 SD 29 29 25 29
532 540 532 552 Min 531 498 535 | 498
734 695 734 678 Max 683 664 630 i 683
694 687 695 674 P99 673 655 629 | 665
683 680 688 670 P98 667 650 628 { 653
678 678 681 668 P97 661 648 627 i 648
673 676 674 662 P95 633 645 627 i 640
659 662 659 650 P90 622 636 621 i 633
654 656 654 646 P85 616 634 617 i 625
647 649 648 639 P80 615 629 608 i 619
642 643 642 635 P75 613 623 606 | 614
637 639 638 628 P70 611 615 604 i 611
634 634 634 625 P65 603 611 602 i 606
630 632 631 619 P60 599 606 599 : 603
626 629 626 617 P55 597 603 596 { 600
622 625 624 614 PS50 594 600 595 { 596
619 622 620 613 P45 589 596 585 i 593
615 617 616 610 P40 585 593 585 | 588
612 615 612 608 P35 582 589 581 { 585
608 610 608 605 P30 576 585 577 i 580
604 605 604 599 P25 573 580 570 { 576
599 601 600 592 P20 564 576 563 : 571
593 597 593 588 P15 559 574 559 i 564
584 589 584 579 P10 558 565 553 1 558
574 576 572 568 PS5 553 562 548 : 552
567 574 564 567 P3 552 551 542 i 548
561 571 558 564 P2 545 547 539 i 540
552 560 550 561 P1 537 533 537 : 535

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Acromiale height - Postprocessed measurement (mm)

Measuring instrument:
CySize Measurements should be in mm.

Source:
AWAS.

Measuring instrument:
Anthropometry tape.

Definition:
The vertical distance from the standing surfacadmmiale R.

Landmark required:
T2 landmark.

Posture required:
Scan position posture 1. Stand with feet together, arms straight at the sides with the palms facing in towards thgetsgh. Fin
together and extended with the thumb facing forward. Stand with back erect and head in the Frankfort plane.

Procedure:
See).This measure is represented by the Y coordinate (mm on the Y or vertical axis) of the Acromiale landmark in Posture :
(see Appendix A in Kolose, et. al., 2020; or Tomkinson et al., 2012). Measurements are reported in mm.

Reference:

Tomkinson, G. R., Dagll, N., Dale, M., & Bowler, T. (2012b). Australian Warfighters Anthropometry Survey (AWAS).
Procedures Manual. Adelaide, Australia.: Health and Use of Time Group, Sansom Institute for Health Research, University ¢
South Australia.

Notes
None.
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Acromiale height summary statisticsPostprocessed measurement (mm)

Army Air Force

Navy

790 216 486 88 N 72 97 43 212
1466 1473 1463 | 1467 : Mean 1363 1371 ¢ 1359 i 1366
60 62 60 52 SD 50 50 47 50
1276 1289 1276 i 1356 i Min 1261 1262 §{ 1240 i 1240
1691 1691 1634 i 1580 : Max 1489 1486 i 1444 i 1489
1618 1642 1603 : 1568 : P99 1484 1478 i 1441 i 1482
1599 1620 1592 : 1561 : P98 1477 1474 § 1438 { 1473
1588 1612 1579 ¢ 1558 ¢ P97 1469 1458 i 1436 i 1460
1565 1590 1564 : 1553 : P95 1447 1452 : 1431 : 1445
1540 1543 1537 i 1542 @ P90 1418 1435 § 1422 ; 1431
1525 1529 1523 : 1531 ¢ P85 1405 1426 i 1400 i 1418
1514 1515 1511 ¢ 1516 ¢ P80 1402 1417 ¢ 1396 i 1405
1504 1508 1502 : 1505 : P75 1399 1408 i 1388 i 1399
1496 1498 1495 i 1498 | P70 1392 1396 { 1381 i 1391
1488 1493 1486 : 1483 ¢ P65 1387 1385 i 1375 i 1384
1481 1485 1478 : 1474 : P60 1377 1382 : 1367 i 1379
1472 1479 1469 i 1467 : P55 1371 1378 { 1363 i 1373
1467 1472 1464 : 1466 i P50 1362 1372 ¢ 1360 i 1366
1459 1467 1454 : 1458 : P45 1355 1370 : 1358 : 1359
1450 1460 1446 i 1450 i P40 1351 1358 { 1353 i 1355
1442 1453 1437 i 1441 : P35 1341 1349 { 1352 i 1347
1433 1445 1431 ¢ 1436 ¢ P30 1330 1342 ¢ 1341 i 1337
1425 1430 1422 i 1428 i P25 1326 1334 { 1334 i 1330
1416 1422 1412 i 1424 ¢ P20 1312 1327 §{ 1329 i 1326
1406 1414 1402 : 1415 P15 1307 1320 ¢ 1321 i 1314
1393 1402 1388 : 1402 : P10 1301 1306 : 1298 : 1301
1371 1381 1365 : 1388 P5 1292 1290 { 1274 i 1287
1352 1363 1344 : 1380 P3 1280 1285 i 1255 i 1274
1341 1359 1335 i 1374 P2 1269 1276 i 1248 i 1262
1327 1330 1326 : 1367 P1 1262 1265 { 1244 i 1261

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Acromiale-radiale length - Postprocessed measurement (mm)

Measuring instrument:
CySize

Source:
ISAK, AWAS.

Definition:
The pointto-point distance between the digitally extracted Acromion Right and Radiale landmarks. Note that despite the
appearance of a contour distance in the figQy&izeextracts this measurement as a podapoint distance.

Landmark re quired:
AcromialeRight and Radiale Right landmarks.

Posture required:
Scan position posture 1. Stand with feet together, arms straight at the sides with the palms facing in towards thgehggh. Fin
together and extended with the thumb facing forward. Stand with back erect and head in the Frankfort plane.

Procedure:

Idertify and select the digital Acromiale Right, centre wrist and Radiale (point at the proximal and lateral border of tifie head o
the radius) landmarks. Look for the stickered Radiale landmark and skip this landmark if it is absent as it will be extremely
difficult to identify by sight. See AWAS Section 7.2.20 of the Procedures Manual (Tomkinson et al., 2012). Measurements are
reported in mm.

Reference:
Marfell-Jones, M.J., A.D. Stewart, and J.H. De Ridder, International Standards for Anthropometric Ass&&igen

Tomkinson, G. R., Daniell, N., Dale, M., & Bowler, T. (2012b). Australian Warfighters Anthropometry Survey (AWAS).
Procedures Manual. Adelaide, Australia.: Health and Use of Time Group, Sansom Institute for Health Research, University ¢
South Australia.

Notes:
None.
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Acromiale-radiale length summary statistief?ostprocessed measurement (mm)

Army Air Force

Navy

790 216 486 88 N 72 97 43 212
346 348 345 349 i Mean 321 320 320 | 320
19 18 19 18 SD 15 15 16 15

278 278 289 306 Min 285 286 271 § 271
403 398 403 396 Max 349 352 351 | 352
392 388 392 386 P99 349 351 348 : 350
386 386 385 383 P98 348 349 345 : 349
383 383 383 381 P97 347 348 343 | 348
377 376 377 377 P95 345 347 342 : 345
371 370 371 372 P90 338 342 338 : 341
365 365 365 367 P85 336 338 335 § 337
362 363 360 363 P80 333 332 335 { 333
359 360 357 360 P75 331 330 331 : 330
356 358 354 359 P70 329 326 329 | 328
353 354 352 357 P65 327 325 327 i 326
350 351 349 356 P60 324 324 324 : 324
348 349 347 353 P55 323 322 323 § 323
346 348 346 350 PS50 323 319 321 ¢ 321
345 346 343 349 P45 321 318 318 : 318
342 345 341 344 P40 319 316 317 : 317
340 343 339 340 P35 315 313 314 : 314
337 341 336 336 P30 313 311 313 ¢ 312
333 337 332 334 P25 310 309 310 : 309
330 333 329 332 P20 308 307 308 : 308
328 329 326 331 P15 305 304 306 ¢ 305
323 325 321 328 P10 299 300 301 : 299
317 321 313 322 PS5 297 296 201 { 296
311 316 310 320 P3 292 291 290 i 291
307 311 306 318 P2 292 290 287 i 290
305 302 305 311 P1 290 289 279 i 287

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Ankle girth - Automatic measurement (mm)

Measuring instrument:
Anthroscan software.

Source:
Human Solutions

Definition:
Horizontal circumference measured at the height of the medial condyle of the tibia. The circumference is measured parallel 1
the standing surface.

Landmark required:
None.

Posture required:

Scan position posture 2. Standtiwfeet shoulder width apart, trunk and head are erect with eyes looking forward. The upper
arms are abducted away from the body with the forearms handing vertically. All fingers are together and extended with the pal
facing (medially) the thigh and thbumb facing forward.

Procedure:
See Section 6 of Human Solutions (2015). Measurements are reported in mm.

Reference:
Human Solutions, 2015. Anthroscan user guide version 3. Human Solutions GmbH, Kaiserslautern, Germany.

Notes:

Check that thaligital tape (yellow line below) is complete (no areas missing) and horizontal. Use software to correct the tape
where appropriate.
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Ankle girth summary statisticsAutomatic measurement (mm)

Army Air Force

P

Navy

790 216 486 88 N 72 97 43 212
275 278 272 285 i Mean 248 248 255 i 249
19 19 18 18 SD 13 16 18 16
224 235 224 234 Min 220 208 208 { 208
340 340 331 324 Max 289 288 298 i 298
325 331 317 321 P99 284 282 208 { 291
318 327 314 319 P98 277 279 297 1§ 289
315 319 309 318 P97 270 278 295 i 282
309 312 302 317 P95 266 275 291 : 276
299 302 294 311 P90 264 270 276 § 270
294 298 290 302 P85 262 263 272 i 265
290 292 286 300 P80 259 259 269 i 262
286 289 283 297 P75 255 258 266 { 258
283 287 280 294 P70 254 254 264 i 256
281 284 278 292 P65 252 251 260 i 254
278 281 276 289 P60 251 251 256 i 251
276 278 273 286 P55 249 249 254 § 250
273 276 271 283 PS50 248 248 253 i 248
271 273 269 281 P45 247 243 250 i 247
269 271 267 279 P40 245 241 250 1§ 245
267 268 265 277 P35 243 240 247 i 242
265 266 263 275 P30 241 240 246 i 241
263 265 260 271 P25 240 239 244 i 240
260 263 258 269 P20 239 236 242 i 238
256 258 254 266 P15 236 233 239 i 235
251 255 249 265 P10 234 227 237 i 232
245 249 243 261 PS5 228 223 233 { 226
242 246 241 254 P3 226 222 232 i 223
240 244 238 248 P2 226 221 228 i 221
235 242 234 245 P1 224 217 218 i 217

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Arm span - Physical measurement (mm)

Measuring instrument:

This measure can be done in any number of ways. A clear section of wall is required that is flat and at least 2.5 nmaWide. A w
chart or blank sheet of paper (approximately 0.5 m x 1 m) can be temporarily fixed to the wall. The paper must be pdsitioned
m from the left edge of the wall (it is rare to have someone an arm span of 1 m). whéedmards also ideal. In the absence

of a wall chart, paper, orwhiteboardthen a pencil and rubber (to remove markings) will suffice.

Source:
ANSUR.

Definition:
The perpendicular distance betweendhetyliaof the left and right arms with the arms outstretched horizontadlyhe distance
from the tip of the middle finger (dactylion) of one hand to the other.

Landmark required :
None.

Posture required:

The participant stands ereagainst a wall with feet together, facing the clinician and with their arms raised to the hor@ontal (
degree angle to the bodyhe heels, buttocks, and upper back, together with dorsal aspects of tlehanhdscontact the wall.
Participants stand with arms stretched out at. The left dactyllion will be pressed against the edge of the wall. Totyliaght da
should be in front of the wall chart, paper or whitebo@tak participant inspires maximally andl stretch out their arms while
maintaining contact with the wall edge.

Procedure:

The assessor stands in front of the participants right fdrekssessowill prompt the participant to stretch as far as possible
while the scribe holds the participa 6 s ri ght wrist. The measure will be take
dactylion The participant wil! step away. With the scribebds

marking from the edge of thveall. Measure to the nearest 0.1 cm. The easiest way to conduct this measurement is to have a chal
strip attached to the wall close to a corner where one finger is placed-pgenoanent marker pen is used to mark the distance
to the other finger.

Reference:

Gordon, C.C., Blackwell, C.L., Bradtmiller, B., Parham, J.L., Barrientos, P., Paquette, S.P., Corner, B., Carson, Ji§l., Venez
J.C., Rockwell, B.M., Mucher, M., Kristensen, S., 2014. 2012 Anthropometric survey of U.S. army personnel: Methods and
summary statistics., Natick Soldier Research, Development of Engineering Center, Yellow Springs, Ohio, U.S.

Notes:

Before taking the reading, with the tape stretched out, ask the participant to check if the tape is horizontal. Someyrooms m:
haveobstructions on the wall (e.g. coat hanger, window, shelf etc) that may affect the ability to take accurate measures. Noit
that individuals with a marked kyphosis cannot be measured accurately.
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Arm spansummary statistics Physical measurement (mm)

105

Army Air Force

Navy

790 216 486 88 N 72 97 43 212
1837 1840 1835 i 1843 i Mean 1681 1690 i 1669 i 1683
75 78 75 69 SD 68 66 56 65
1593 1593 1620 i 1678 i Min 1538 1534 { 1544 i 1534
2144 2144 2058 | 2020 : Max 1860 1906 i 1802 i 1906
2021 2034 2019 i 1998 i P99 1831 1824 i 1780 i 1821
1998 2001 1994 : 1984 | P98 1816 1820 { 1758 i 1818
1986 1982 1986 : 1978 i P97 1813 1817 ¢ 1747 i 1813
1965 1965 1963 : 1955 : P95 1802 1797 : 1739 i 1795
1931 1929 1928 : 1934 i P90 1761 1776 { 1726 { 1771
1910 1910 1910 : 1908 i P85 1752 1766 : 1717 i 1751
1898 1900 1892 : 1901 ¢ P80 1737 1750 ¢ 1709 i 1735
1885 1888 1883 : 1893 : P75 1724 1732 + 1702 i 1721
1875 1877 1870 : 1878 i P70 1713 1718 { 1696 | 1712
1862 1866 1857 i 1864 i P65 1710 1711 ¢ 1694 i 1706
1852 1857 1852 : 1857 : P60 1688 1706 : 1689 : 1695
1844 1847 1842 : 1847 : P55 1683 1695 i 1685 i 1687
1837 1841 1836 : 1837 i P50 1680 1685 i 1681 i 1682
1828 1832 1828 : 1827 : P45 1670 1675 : 1677 i 1672
1820 1823 1818 : 1818 : P40 1660 1671 | 1666 | 1666
1810 1813 1808 : 1809 : P35 1648 1658 | 1663 | 1656
1799 1800 1795 ¢ 1804 ¢ P30 1639 1650 i 1647 i 1647
1787 1788 1785 i 1797 i P25 1630 1638 | 1642 ;| 1636
1776 1775 1775 : 1791 ¢ P20 1627 1631 { 1631 i 1630
1763 1759 1761 : 1775 ¢ P15 1619 1624 i 1618 i 1620
1742 1743 1738 : 1765 : P10 1608 1616 : 1585 : 1610
1719 1720 1718 : 1741 P5 1576 1591 { 1548 | 1576
1702 1699 1700 : 1725 P3 1556 1577 i 1545 i 1558
1680 1683 1679 ¢ 1716 P2 1547 1571 ¢ 1545 i 1545
1663 1671 1660 : 1701 P1 1541 1566 i 1544 i 1543

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Axilla height - Postprocessed measurement (mm)

Measuring instrument:
CySize

Source:
ANSUR.

Definition:
The vertical distance between a standing surface and the Ariegleon-the-Torso landmark.

Landmark required:
Axilla right landmark.

Posture required:
Scan position posture 1. Stand with feet together, arms straight at the sides with the palms facing in towards thgehggh. Fin
together and extended with the thumb facing forward. Stand with back erect and treaBHrankfort plane.

Procedure:

This measure is represented by the Y coordinate (mm on the Y or vertical axis) of the Axilla landmark (cavity beneath the
junction of the arm and shoulder in the anterior aspect) in posture 1. Look $tickexed landmark. This landmark is generally
missing, difficult to see or misplaced. As an aid, visualize a caliper branch coming up from the bottom of the armgiie Place
landmark point on the area of the arm where this branch would make contad&p@=elix A in Kolose, et. al. (2020).
Measurements are reported in mm.

Reference:

Gordon, C.C., Blackwell, C.L., Bradtmiller, B., Parham, J.L., Barrientos, P., Paquette, S.P., Corner, B., Carson, Jil., Venez
J.C., Rockwell, B.M., Mucher, M., Kristense8., 2014. 2012 Anthropometric survey of U.S. army personnel: Methods and
summary statistics., Natick Soldier Research, Development of Engineering Center, Yellow Springs, Ohio, U.S. (p46).

Kolose, S., Hume, P.A., Tomkinson, G.R., Stewart, A., Stewart,ebg, S.J. (2021). Thredimensional physique assessment
in the military: New Zealand Defence Force Anthropometry Survey protocols and summary statistics., SPRINZ: Auckland,
New Zealand.

Notes:
None.
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Axilla height summary statistics Postprocessed measurement (mm)

790 216 486 88 N 72 97 43 212
1324 1330 1322 i 1320 : Mean 1231 1243 ¢ 1230 i 1236
55 55 56 53 SD 52 51 44 50
1126 1190 1126 ¢ 1209 i Min 1122 1143 § 1115 1115
1538 1538 1495 { 1430 : Max 1376 1372 ¢ 1317 i 1376
1464 1474 1454 : 1427 @ P99 1354 1360 { 1312 i 1358
1448 1468 1444 i 1419 i P98 1342 1350 { 1307 i 1344
1438 1451 1434 : 1414 ¢ P97 1337 1330 i 1305 i 1328
1416 1436 1415 : 1410 : P95 1314 1316 : 1300 : 1312
1392 1390 1392 i 1393 i P90 1291 1309 { 1285 1301
1377 1377 1376 : 1384 ¢ P85 1276 1295 ¢ 1270 i 1287
1364 1367 1364 : 1366 i P80 1263 1287 i 1263 i 1274
1360 1361 1359 i 1359 i P75 1261 1275 §{ 1252 1265
1354 1356 1351 i 1354 ¢ P70 1257 1267 | 1249 i 1258
1346 1350 1345 i 1338 ¢ P65 1253 1257 ¢ 1244 i 1253
1340 1343 1339 : 1335 : P60 1247 1252 : 1239 i 1249
1334 1340 1333 i 1324 ¢ P55 1243 1251 §{ 1234 i 1244
1327 1333 1326 : 1315 P50 1237 1245 ¢ 1231 i 1239
1316 1325 1315 : 1309 : P45 1230 1241 : 1229 : 1233
1309 1314 1308 : 1302 : P40 1222 1232 i 1224 i 1227
1301 1306 1299 i 1295 : P35 1214 1223 i 1222 i 1220
1294 1300 1291 ¢ 1288 ¢ P30 1210 1216 ¢ 1216 i 1214
1284 1294 1282 i 1282 i P25 1196 1211 § 1215 i 1209
1276 1285 1274 i 1274 ¢ P20 1183 1205 { 1205 i 1198
1266 1276 1261 : 1258 ¢ P15 1173 1184 ¢ 1198 i 1175
1254 1267 1252 : 1252 : P10 1157 1171 : 1163 : 1164
1237 1244 1234 : 1241 P5 1150 1158 { 1152 i 1152
1229 1233 1227 ¢ 1237 P3 1144 1151 ¢ 1147 i 1147
1218 1224 1218 i 1235 P2 1132 1150 { 1141 i 1144
1205 1215 1201 : 1231 P1 1124 1145 § 1128 { 1126

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Biacromial breadth - Postprocessed measurement (mm)

Measuring instrument:
CySize

Source:
ISAK, AWAS

Definition:
The pointto-point distance between the digitally extracted Acromion, Right and Acromion, Left landmarks. Note that despite
the appearance of a contour distance in the figly8jzeextracts this measurement as a ptiapoint distance.

Landmark require d:
AcromialeRight and Acromiale Left landmarks.

Posture required:
Scan position posture 1. Stand with feet together, arms straight at the sides with the palms facing in towards thgersgh. Fin
together and extended with the thumb facing forward.d¢téath back erect and head in the Frankfort plane.

Procedure:
Identify and select the digital Acromiale Right and Acromiale Left landmarks. AWAS Section 7.2.8 of the Procedures Manual
(Tomkinson et al., 2012). Measurements are reported in mm.

Reference:
Marfell-Jones, M.J., A.D. Stewart, and J.H. De Ridder, International Standards for Anthropometric Assessment. 2012.

Tomkinson, G. R., Daniell, N., Dale, M., & Bowler, T. (2012b). Australian Warfighters Anthropometry Survey (AWAS).
Procedures Maual. Adelaide, Australia.: Health and Use of Time Group, Sansom Institute for Health Research, University of
South Australia.

Notes:
In the absence of a landmark, use knowledge of anatomical features to identify the correct location. For example, follow th
ridge of the clavicle.
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Biacromial breadthsummary statistics Postprocessed measurement (mm)

Army Air Force

Navy

790 216 486 88 N 72 97 43 212
422 421 423 423 i Mean 376 378 377 i 377
19 19 19 19 SD 15 18 15 16

370 372 370 373 Min 343 334 342 : 334
484 468 484 461 Max 415 438 413 | 438
466 464 467 460 P99 410 422 409 : 415
460 460 460 458 P98 407 415 406 : 412
458 458 458 457 P97 406 410 403 : 407
454 451 454 453 P95 398 405 398 : 404
446 444 448 446 P90 396 402 394 : 397
441 441 442 443 P85 392 397 393 | 394
438 437 438 439 P80 389 393 389 { 391
435 434 436 435 P75 384 389 385 : 388
432 431 433 432 P70 383 388 384 : 385
430 429 430 430 P65 381 386 382 i 384
428 426 428 430 P60 380 384 380 : 381
425 424 425 428 P55 379 381 379 : 379
422 421 423 425 PS50 376 378 377 & 377
420 420 421 421 P45 374 376 376 : 376
419 418 419 419 P40 373 374 374 374
416 415 416 418 P35 371 370 373 { 371
413 412 414 412 P30 369 368 370 ¢ 368
410 409 410 408 P25 367 364 368 : 366
406 406 407 405 P20 364 362 366 : 363
403 401 404 402 P15 361 359 364 i 360
398 396 399 397 P10 358 356 362 : 357
390 387 393 390 PS5 353 349 353 § 351
385 384 389 386 P3 350 347 350 { 348
383 382 384 381 P2 347 347 348 : 345
378 378 379 380 P1 344 344 345 | 343

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Bicep girth flexed - Physical measurement (mm)

Measuring instrument:
Anthropometric tape.

Source:
ISAK.

Definition:
The circumference of the arm perpendicular to the long axis of the dhm latvel of the peak of the contracted Biceps Brachii
when the upper arm is raised anteriorly to the horizontal.

Landmark required:
None.

Posture required:
The participanttands with the right shoulder and elbow flexed at a 90 degree angle to thd bedssessor stands on the right
ride of the participant facing directly towards their outer bicep.

Procedure:
The measurement is taken at the widest point of the bicep when the muscle is at maximum tension. Ensure the tape applies li
pressure or mimal skin indentation. Measurements are reported in mm.

Reference:
Marfell-Jones, M.J., A.D. Stewart, and J.H. De Ridder, International Standards for Anthropometric Assessment. 2012.

Notes:
The measure can be taken either seated or standing depending on how tall the participant is relative to the assessor.
Check the tape follows the curvature of the skin, with or
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Bicep girth flexed summary statistiesPhysical measurement (mm)

Army Air Force

Navy

790 216 486 88 N 72 97 43 212
359 354 361 364 i Mean 305 315 310 | 310
32 31 32 35 SD 30 25 34 29
214 264 214 294 Min 242 260 251 1§ 242
456 447 456 449 Max 384 391 415 : 415
438 427 435 446 P99 379 387 404 : 389
429 415 426 445 P98 374 380 394 : 383
422 414 422 442 P97 369 364 387 i 379
415 406 416 431 P95 360 356 379 : 363
401 394 402 403 P90 345 343 362 : 352
390 386 392 393 P85 339 334 337 | 337
385 381 386 386 P80 332 332 327 : 332
381 375 382 384 P75 316 328 324 : 326
376 371 376 381 P70 312 326 318 : 324
370 367 371 378 P65 309 324 315 ¢ 317
367 362 368 375 P60 306 322 311 : 314
364 356 365 367 P55 304 315 307 : 310
359 352 361 364 PS50 302 314 302 ¢ 307
355 348 356 360 P45 300 311 301 : 304
350 342 352 354 P40 295 309 297 { 301
346 340 348 349 P35 292 302 296 { 296
342 336 345 345 P30 287 300 293 i 294
337 330 341 336 P25 286 296 286 { 291
332 328 336 334 P20 280 293 285 | 286
327 324 329 326 P15 275 289 280 i 282
320 316 322 317 P10 269 286 275 i 275
306 304 309 308 PS5 266 277 270 i 268
303 302 304 305 P3 259 271 265 i 265
298 301 298 304 P2 254 270 261 { 261
290 292 290 301 P1 249 267 256 { 252

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Bideltoid breadth sitting - Postprocessed measurement (mm)

Measuring instrument:
CySize

Source:
ANSUR, NZDFAS

Definition:
The maximum horizontal distanbetween the lateral margins of the upper arms on the deltoid muscles.

Landmark required:
None. This is performed using the Caliper functiolCgSize

Posture required:

Scan position posture 3. Ensure that the participant is sitting with theibkeeet at a 90eangl e. Thi s
body scanner seat up or down. This can also be facilitated by aligning the popliteal fossa (vertically) in line with(Béetnion

of the foot). Ensure that the arms (triceps when viewed posterioriylaaggng vertically (as much as possible).

Procedure:

In CySizeuse thecalipertool. This can be viewed from the front or the back of the participant. Highlight a horizontal line that
is lower than the Acromiale but higher than the Axilla landmarks. Select the Y function (to create a coronal planeat® calcul
and record the breddtMeasurements are reported in mm.

Reference:

Gordon, C.C., Blackwell, C.L., Bradtmiller, B., Parham, J.L., Barrientos, P., Paquette, S.P., Corner, B., Carson, J.isl., Venez
J.C., Rockwell, B.M., Mucher, M., Kristensen, S., 2014. 28hfhropometric survey of U.S. army personnel: Methods and
summary statistics., Natick Soldier Research, Development of Engineering Center, Yellow Springs, Ohio, U.S.

Kolose, S., Hume, P.A., Tomkinson, G.R., Stewart, A., Stewart, T., Legg, S.J. (20&Bdirhensional physique assessment
in the military: New Zealand Defence Force Anthropometry Survey protocols and summary statistics., SPRINZ: Auckland,
New Zealand.

Notes:
Use the Crosshair tool to align the participant. Another method is to view itti@pgaant from the side view, then highlight a
square rectangle on the around the most lateral centre of the deltoid.

ileltoid Bresdth Sitting
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Bideltoid breadth sittingsummary statistics Postprocessed measurement (mm)

Army Air Force

Navy

790 216 486 | 88 N 72 97 43 | 212
510 504 511 { 517 i Mean 448 459 | 461 i 456
29 29 28 33 ) 26 31 36 | 31

390 390 414 i 442 i Min 378 401 | 412 i 378
621 578 606 : 621 i Max 518 552 | 564 i 564
588 575 587 i 600 i P99 508 548 i 559 i 551
575 569 571 { 592 i P98 500 544 i 554 i 547
567 562 565 i 590 i P97 493 536 | 551 i 533
560 557 557 i 576 i P95 488 507 { 549 i 507
547 543 546 { 560 i P90 478 498 i 515 i 493
537 531 538 i 547 i P85 474 489 | 485 i 482
531 527 532 i 538 i P80 470 479 | 477 i 475
527 524 526 i 534 i P75 465 475 i 470 i 471
523 518 523 i 530 i P70 461 470 | 466 i 467
519 514 520 i 528 i P65 458 467 | 461 i 464
516 511 517 { 527 i P60 452 465 i 458 i 458
514 507 515 :{ 518 i P55 449 460 i 455 i 455
511 504 512 i 516 i P50 447 457 | 453 i 452
507 500 510 i 511 i P45 443 453 i 450 i 449
503 496 505 { 509 i P40 441 449 | 448 i 447
498 493 502 i 499 i P35 436 446 | 446 i 444
495 490 497 | 496 i P30 434 444 | 444 i 440
490 484 491 i 493 i P25 430 443 | 437 i 436
485 479 488 | 490 i P20 427 436 i 436 i 430
478 473 480 | 483 i P15 424 427 | 432 i 427
472 469 473 | 477 i P10 419 419 | 427 i 420
464 462 465 i 471 i PS5 410 414 | 425 i 412
460 457 461 | 466 i P3 406 410 | 421 i 410
454 453 454 | 464 i P2 399 408 i 419 i 406
442 436 450 i 460 i P1 390 405 i 415 i 401

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Bitragion mandibular arc - Physical measurement (mm)

Measuring instrument:

Anthropometric tape. Before measuring, ensure that the metal tape surface is not damaged and the scale is clear, and the
can be retracted freely. There asgious models. Tapes used in the NZDFAS were Cesorf and Rosscraft. Measurements are in
mm.

Source:
ANSUR.

Definition:
The surface distance between the right andiaffionlandmarks across the submandibular landmark is measured with a tape.
The hed is in the Frankfort plane, and the teeth are lightly occluded.

Landmarks required:
Tragion left and right, Submandibular.

Posture required:
Sitting. The measure can also be taken while standing depending on the height of the assessor relativiictpaht pa

Procedure:

The participant sits erect, looking straight ahead with any headwear/eyewear refevadsessor stands in front and slightly

to the side of the participant. With the thumb and index finger place the 0 point of the tape agdiresyitreright landmark

(the 0O rests in the middle of the landmark sticker). The assessor uses their left thumb to hold the tape to the $kpofiat) the

and extends the tape under the throat towards the Tragion right landmark. The opposite indexsegeto hold the tape to
Tragion left. The measure is read from the scale pressed on Tragion Right. The centre of the tape must run through tl
Submandibular landmark. Measure to the nearest mm.

Reference:

Gordon, C.C., Blackwell, C.LBradtmiller, B., Parham, J.L., Barrientos, P., Paquette, S.P., Corner, B., Carson, J.M., Venezia,
J.C., Rockwell, B.M., Mucher, M., Kristensen, S., 2014. 2012 Anthropometric survey of U.S. army personnel: Methods and
summary statistics., Natick Soldier Rasch, Development of Engineering Center, Yellow Springs, Ohio, U.S.

Notes:
The position of the head has no influence on the measurement. Ensure that the jaw is still and the head is in theld&rankfort p
Take care when placing the tape against the. ski

= S
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Bitragion mandibular arc summary statisticsPhysical measurement (mm)

Army Air Force

Navy

790 216 486 88 N 72 97 43 212
305 303 304 313 { Mean 270 276 283 i 276
17 17 17 18 SD 12 14 15 14
250 260 250 277 Min 244 246 252 i 244
367 350 357 367 Max 304 313 317 § 317
346 343 343 357 P99 303 305 315 § 312
340 337 336 352 P98 299 304 313 : 310
336 335 334 350 P97 294 303 312 | 305
333 330 330 346 P95 290 300 311 : 301
325 325 325 337 P90 283 295 305 i 294
323 322 320 331 P85 281 292 295 { 290
320 317 318 327 P80 280 290 293 i 285
315 315 315 325 P75 277 284 201 i 284
315 312 314 320 P70 275 284 289 i 281
311 310 310 318 P65 275 280 285 i 280
309 306 308 315 P60 273 280 285 i 279
305 305 305 312 P55 272 278 285 i 277
304 301 304 310 PS50 270 275 284 i 275
302 300 301 310 P45 270 275 280 : 274
300 297 300 307 P40 267 273 280 i 271
296 295 296 304 P35 265 270 279 { 270
295 295 295 301 P30 265 270 276 i 268
293 293 292 300 P25 262 266 273 i 266
290 290 290 300 P20 260 265 269 i 265
288 288 287 295 P15 259 263 268 i 260
284 284 284 292 P10 256 260 261 : 259
275 275 275 286 PS5 251 252 259 i 252
274 271 273 283 P3 247 250 256 i 250
270 265 270 282 P2 246 248 255 i 248
265 263 265 280 P1 245 247 254 i 246

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Bizygomatic breadth- Physical measurement (mm)

Measuring instrument:
Small bone caliper. The Rosscraft small bone caliper is 18 cm with pressure plates that are 10 mm diameter. Before measuril
the distance between the plates when touching should be verified as 0 cm to ensure it has been assembled correctly.

Source:
ANSUR.

Definition:
The maximum horizontal breadth between the most lateral aspects of the Zygons left and right.

Landmark required :
Zygon left and right.

Posture required:
The participant sits erect, looking straight ahead with glasses reanove

Procedure

The assessor stands in front and slightly to the side of the participant. This measurement can be taken sitting or standi
depending on the height of the assessor relative to the partidipantaliper is placed at a 45° angle. Opettiiregcaliper beyond

the anticipated distance, rest the device on the back of the hands and using the thumbs and index fingers, use the long fin
(middle finger) to palpate the skin and visually identifying the most lateral aspect of the Zygion Leftgama Right. When
identified, slowly move the plates towards one another until they rest on this point. Record the measurement to 0.5 cm or 0.(
cm precision.

Reference:

Gordon, C.C., Blackwell, C.L., Bradtmiller, B., Parham, J.L., Barrientos, P., Pagid®te Corner, B., Carson, J.M., Venezia,

J.C., Rockwell, B.M., Mucher, M., Kristensen, S., 2014. 2012 Anthropometric survey of U.S. army personnel: Methods and
summary statistics., Natick Soldier Research, Development of Engineering Center, Yellovs,Sphiog U.S.

Notes:
The caliper branches must be placed on the skin, but not indent the skin. The position of the head has no influence on t
measurement. | f the participantés Zygion distancelargs gr e

sliding caliper. For the NZDFAS, the small bone caliper was used instead of the large sliding caliper (more traditiomal tool fo
this measurement) as the assessor had a greater level of control and avoided potential injuries to the eye (shararged of the
sliding caliper prongs).
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Bizygomatic breadth summary statistie®hysical measurement (mm)

Army Air Force

Navy

790 216 486 88 N 72 97 43 212
131 134 130 132 { Mean 127 124 125 { 125
8 8 8 8 SD 7 7 7 7
109 109 110 117 Min 111 110 110 110
162 158 157 162 Max 143 140 146 i 146
153 153 151 157 P99 141 140 143 i 140
150 152 149 152 P98 139 139 140 ¢ 139
149 150 148 150 P97 139 138 138 i 139
145 148 144 147 P95 138 138 136 i 138
142 144 140 143 P90 136 132 133 { 134
140 143 137 137 P85 134 132 132 { 132
138 141 136 136 P80 133 129 130 § 132
136 140 135 136 P75 132 128 130 ¢ 130
135 138 134 135 P70 131 127 130 ¢ 130
134 137 132 134 P65 130 126 129 : 128
133 136 132 134 P60 130 126 127 : 126
132 135 131 132 P55 128 125 126 i 126
131 134 130 132 PS50 125 124 125 § 125
130 132 129 132 P45 125 123 124 : 124
129 132 128 130 P40 125 122 124 : 123
128 130 128 129 P35 123 122 123 { 122
127 129 126 128 P30 123 120 122 i 122
126 128 125 125 P25 122 120 120 i 120
125 126 124 125 P20 122 119 119 { 120
124 125 123 125 P15 120 117 118 § 118
122 124 121 123 P10 117 115 116 : 115
120 122 118 121 PS5 114 114 115 § 114
117 120 115 120 P3 113 114 111 § 113
115 118 114 120 P2 112 113 110 § 111
112 117 112 119 P1 112 110 110 { 110

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Body height- Automatic measurement (mm)

Measuring instrument:
Anthroscan software.

Source:
Anthroscan.

Definition:
Verticalheight from standing surface to the visual top of the head. The vertical distance is measured between the standing surfz
and the top of the head

Landmark required:
None.

Posture required:

Scan position posture 2. Stand with feet shoulder wag#rt, trunk and head are erect with eyes looking forward. The upper
arms are abducted away from the body with the forearms handing vertically. All fingers are together and extended with the pal
facing (medially) the thigh and the thumb facing forward.

Procedure:
See Section 6 of Human Solutions (2015). Measurements are reported in mm.

Reference:
Human Solutions, 2015. Anthroscan user guide version 3. Human Solutions GmbH, Kaiserslautern, Germany.

Notes:

Check that the head is in the Frankfoosition. If not, the height is measured near the rear of the head, then remove this measure.
Anthroscan takes body height with legs positioned showldgth apart. Traditional protocols have legs and feet together. The
Anthroscan method was usedtorepeent a mor e O6nat.ural 6 standing position
Eye height (Ectocantus) @ySizeis taken from the Posture 1 (feet together position).
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Body heightsummary statistics Automatic measurement (mm)

790 216 486 88 N 72 97 43 212
1786 1794 1783 i 1784 : Mean 1671 1675 i 1661 i 1671
65 67 66 56 SD 57 56 53 55
1579 1609 1579 i 1666 i Min 1546 1561 { 1515 1515
2035 2035 1977 ¢ 1905 ¢ Max 1832 1810 i 1761 i 1832
1954 1962 1941 : 1899 : P99 1812 1796 { 1758 i 1803
1930 1953 1918 : 1887 : P98 1799 1786 { 1754 i 1793
1915 1937 1908 : 1883 ¢ P97 1793 1773 ¢ 1753 i 1785
1897 1918 1891 : 1876 : P95 1789 1763 : 1753 : 1762
1868 1877 1868 : 1858 : P90 1732 1753 §{ 1731 i 1753
1851 1851 1851 i 1851 ¢ P85 1715 1746 ¢ 1704 i 1731
1836 1833 1842 : 1833 ¢ P80 1699 1730 i 1696 i 1712
1825 1828 1825 i 1820 i P75 1698 1713 { 1684 i 1699
1818 1825 1818 : 1811 : P70 1696 1699 { 1681 ; 1698
1811 1818 1810 : 1804 i P65 1690 1698 ¢ 1676 i 1689
1803 1811 1801 : 1801 : P60 1681 1687 : 1674 : 1681
1793 1803 1793 i 1786 i P55 1681 1681 | 1673 | 1674
1785 1793 1785 ¢ 1782 ¢ P50 1674 1674 i 1666 i 1674
1778 1785 1773 : 1771 : P45 1666 1667 : 1658 : 1666
1764 1777 1764 : 1763 i P40 1658 1655 { 1651 { 1652
1760 1764 1755 i 1753 ¢ P35 1647 1643 | 1646 | 1644
1752 1760 1746 ¢ 1746 ¢ P30 1641 1634 i 1641 i 1638
1739 1753 1738 i 1739 ¢ P25 1632 1627 | 1634 i 1633
1731 1745 1723 i 1739 ¢ P20 1620 1626 | 1634 | 1626
1720 1731 1713 ¢ 1731 ¢ P15 1616 1618 { 1616 i 1618
1706 1720 1705 : 1713 : P10 1608 1609 : 1597 : 1608
1683 1691 1676 : 1706 P5 1597 1592 i 1580 i 1587
1667 1677 1656 : 1690 P3 1581 1585 i 1556 i 1579
1652 1668 1644 : 1684 P2 1560 1578 i 1542 i 1563
1639 1653 1633 : 1673 P1 1547 1569 i 1528 i 1547

Distribution plots for each service and gender

Vertical bars are the mean for each group
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Breastheight - Automatic measurement (mm)

Measuring instrument:
Anthroscan software.

Source:
Anthroscan.

Definition:
The verticalheight of the front breast/chest circumference level (code 4510 or 4515)stankiéng surface

Landmark required:
None.

Posture required:

Scan position posture 2. Stand with feet shoulder width apart, trunk and head are erect with eyefolaaitgThe upper

arms are abducted away from the body with the forearms handing vertically. All fingers are together and extended with the pal
facing (medially) the thigh and the thumb facing forward.

Procedure:
See Section 6 of Human Solutions (2028easurements are reported in mm.

Reference:
Human Solutions, 2015. Anthroscan user guide version 3. Human Solutions GmbH, Kaiserslautern, Germany.

Notes:
None.
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Breast heightsummary statistics Automatic measurement (mm)

790 216 486 88 N 72 97 43 212
1303 1309 1300 i 1302 : Mean 1203 1212 ¢ 1192 i 1205
54 55 55 50 SD 48 50 48 49
1121 1151 1121 ¢ 1198 i Min 1100 1108 i 1079 i 1079
1495 1495 1451 i 1406 : Max 1317 1327 i 1285 i 1327

1434 1454 1427 i 1400 : P99 1315 1314 ; 1280 i 1314
1421 1436 1410 i 1398 : P98 1308 1304 i 1276 i 1303
1407 1427 1397 ¢ 1397 ¢ P97 1300 1303 i 1272 i 1301
1393 1409 1390 : 1384 : P95 1290 1299 : 1266 : 1294
1371 1373 1371 i 1366 i P90 1256 1286 i 1257 i 1272
1357 1360 1353 i 1361 ¢ P85 1245 1270 ¢ 1240 i 1256
1345 1346 1343 : 1358 ¢ P80 1234 1256 i 1233 i 1247
1339 1339 1338 i 1344 : P75 1230 1249 { 1226 | 1234
1334 1333 1332 i 1336 i P70 1227 1237 §{ 1218 | 1229
1325 1323 1325 1325 P65 1223 1226 ¢ 1211 i 1223
1317 1321 1317 : 1307 : P60 1216 1222 : 1207 : 1216
1310 1315 1307 i 1303 i P55 1211 1214 ¢ 1202 i 1211
1303 1310 1300 : 1298 ¢ P50 1205 1209 i 1195 i 1206
1296 1307 1293 : 1292 : P45 1200 1206 : 1186 : 1198

1289 1299 1287 i 1285 : P40 1195 1195 ¢ 1179 § 1192
1281 1288 1279 i 1280 i P35 1187 1186 i 1170 i 1182
1274 1280 1272 : 1274 ¢ P30 1179 1179 ¢ 1168 i 1175
1264 1271 1263 : 1263 ¢ P25 1172 1172 ¢ 1160 i 1169
1256 1262 1255 i 1257 i P20 1158 1168 { 1151 i 1160

1247 1252 1244 : 1245 ¢ P15 1154 1158 i 1146 i 1154
1234 1245 1230 : 1242 : P10 1144 1153 i 1134 : 1144

1213 1231 1206 : 1227 P5 1131 1137 §{ 1123 §{ 1130
1199 1211 1194 : 1223 P3 1107 1128 ¢ 1095 i 1119
1193 1209 1189 ¢ 1217 P2 1102 1122 ¢ 1085 i 1104

1180 1184 1180 : 1208 P1 1101 1118 { 1082 i 1100
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