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GENERAL DESCRIPTION OF RESEARCH

The relevance of researchMen’s underwear, thanks to the emergence of new
materials and significant function expansion, hasome one of the most dynamical
developing clothing type. The purpose of underweélaily, sports,
correctional/shapingor various shows, etc.) affects the artistic desagd material
solutions. The main indicators were comfort and ahéthropometric morphology of
lower torso of the male body, which is impossiblghaut morphology knowledge,
possible directions of functional and aestheticraxdron, the main directions of
modern design, and the deformation of closed “shefltextile materials.

Positive results for improving the design of krew were obtained in the
studies of G.l. Surikova, O.S. Baldovkina, V.N. dtdva, G.P. Starkova, E.G.
Andreeva, A.V. Novikova, Z.R. lvanova, I.V. TislemkAt present, the knowledge of
foreign researchers bases require further men’mwehr development with new
information and latest technical means. Body scgnas a tool for measuring
dimensional features, have already been used tela®wnational anthropometric
programs in many countries (USA, UK, France, ChMaxico, etc.) and to improve
the design process of body-clothing systems, itiquéar, in the works of Luo Yun,
Li Yue (IGTA), I.A. Petrosova (MSUDT), Guo Mengnb/GPU). Other directions
in the improvement of the design process are tlkeofithe methodology of sensory
analysis of the “body-underwear” system, the resulll humanize the decisions
made and increase the clothing comfort, and trariséeactions of designer to virtual
environment in which the designer can carry outuwir fittings and evaluate the
quality of artistic design decisions before acmahufacture.

The research has been done in 22088 at the Department of garment design
at the lvanovo State Polytechnic University undher gtate task No. 2.2425.2017 / 4.6
on the topic Software development for virtual design of static ad dynamic
systems “body-clothing” and virtual fitting of FashionNet’. The work complies
with the following paragraphs of the passport adcgentific specialty 05.19.04: 1.
Development of the theoretical foundations andestablishment of general laws of
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designing clothing for typical and atypical bodiés]mproving assessment methods
and designing clothing with specified consumer &athnical-economic indicators.

The degree of problem elaboration Until now, there is no universal method
for designing men's underwear. Due to the delicaicyhe design subject, many
aspects have not yet been studied and systemakzedcially often problems arise
when designing correctional underwear to changeshiage of the soft tissues of the
bodies and when it is necessary to coordinate rtbyeepties of the materials with the
size and number of details of the structure. Untiw, the main indicator of
physicomechanical properties when selecting mdgergatheir extensibility, which
determines membership in a particular group, howeatves impossible to predict a
compression (push-up) effect. In the existing étdimensional signs (size), only
basic girths are included, which are clearly insight for underwear design with
multidirectional directed contour lines. It is obus that all of these aspectshe
lower part of male bodies, knitted materials, thelerwear structure, the consumer's
sense of wearing- should be considered from the standpoint of expandhe
functions of underwear and ensuring its comfort.

Keywords: male body, correction, underwear, knitted matsrialesign,
construction, pressure.

The aim of researchis to improve the design process of men’s underwea

The main stages of researchl.o achieve the goal solved the following tasks:

- perform an artistic and constructive analysisnadern models of men's
underwear to establish the boundaries of the pleskbations of their contour lines,
and lines of internal division on the surface & tbwer part of the bodies;

— to conduct expert surveys of underwear consumased on different
anthropological types from different countries wder to determine a list of issues
that need to be addressed during design;

— to carry out studies on the physicomechanical gmggs of knitted materials
under conditions that are as identical as posdibléhose corresponding to their

stressed state in real underwear;
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— to study the mechanism of occurrence of compragsressure on the soft
tissue of the bodies under closed tensioned testtiédls under the conditions of their
uniaxial tension and shear;

— to establish reasonable/accpetable pressure &niissae deformation limits,
which can be achieved by correcting underwear,;

— to develop a new index of the compressive perfageaf knitted materials
and the method of their choice for men's underwear;

— to conduct anthropometric studies of male bodiesewcarried out in two
states- in statics and after forced deformation of the ss§ues of the lower torso;

— to develop the classification of the lower parfsnwale bodies and the
nomenclature from the traditional and new dimeraiofeatures for the design
underwear structural drawings;

— develop a new design for men's underwear;

— to test the design of men's underwear in the MQOc@mputer environment
using digital twins, knitted materials, underwead avatar - underwear systems;

— to conduct industrial testing of the developedremendations.

The objects of study — male bodies of different anthropological typaen's
underwear, knitted materials, real and virtual “pddvatar) - underwear” systems,
the process of designing and virtual simulation.

The subject of study- the process of designing men’s underwear.

Methods and means of researcihVe used VITUS Smart XXL body scanner
with Athroscan 2014 program (Human Solutions, Ge&yhas a means of research
of real bodies and “body - clothing” system, knidttmaterials mechanical tests
Kawabata Evaluation System KES (Japan), clothirgsgure measurement on the
surface of the body FlexForce sensor (USA) with a computer progranréaording
results and CIO 3D virtual. For processing resoltmeasurements used the methods
of mathematical statistics, correlation and regossanalysis (Excel, SSPS). Expert
methods (survey method) were used to establishuoosispreferences and to assess

the feeling of the wearers.
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The scientific novelty of this research is to establish a plasticity na@cém
that affects the soft tissues of male lower bodgeurthe influence of the underwear
design and the compression properties of knittetdmnads.

The following scientific results were obtained fbe first time.

1. The relationship between the uniaxial tensitgpprties of knitted materials
and the pressure they exert on the soft tissueanabé bodies is established, and
equations for predicting the pressure values atarodd.

2. A nomenclature of new dimensional features haen developed for
describing the lower part of male bodies and tlgnical sections in the middle
sagittal-plane have been obtained.

3. Established typological boundaries of changefhénmale bodies plasticity under
the influence of the complex effect of index of erv&l properties and design of
underwear to obtain the effects of push-up.

4. A new classification of the lower parts of maledies has been developed,
based on a set of new dimensional features negeasdrsufficient for constructure
drawing of underwear design and checking its cotnfor
Provisions for the defense.

1. Classification of the lower torso of male badie

2. Method of determining the compression performeasfdknitted materials.

3. The method of constructing men's compressioreuveRr.

4. The algorithm of virtual fittings using digitdleformable twins of bodies,
knitted materials in the stretched state and unéarwallowing to identify the stress
state of materials and compression of the softi¢is®f the body.

The theoretical significanceof research includes the developed application of
graphic-analytical method for flattening of knittegen's underwear by using new
combination of body measurements to guaranteealdsicompression of soft tissue.

The practical significanceof research is consists in justification of thepina
method of constructing a expanded view of men'ssomear from knitted materials
using new sets of dimensional characteristics tarajutee the appearance of the

necessary compression pressure of underwear @othissues of the body.
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The reliability of the results and conclusions provided by the dgoatlmn of
actual experimental and theoretical research estihle statistical sufficiency of the
resulting equations, the use of modern measurirggruments and verification
methods.

Approbation of the results. The results of the work were reported and
received a positive assessment at the followindgerences: the conference of young
scientists, graduate students and students “POI®knovo, 2015); all-Russian
scientific student conferenceM@scow, MGUDT, 2015, 2016); international
conferences AUTEX world textile conference (BurJairkey, 2014; Bucharest,
Romania, 2015; LjubljanaSlovenig 2016, CorfuGreece 2017, IstanbulTurkey,
2018); international scientific and technical coefece (VitebskBelarus, 2015); 45
international conference on computers & industealgineering (MuseFrance,
2015); information environment of the universitivgnovo, 2016); international
conference Aegean international textile and advduecgineering conferencd PAE
2018 (Mytilene, LesvosGreece 2018); 2018 3rd international conference on
computational modeling, simulation and applied reathtics (WuhanChina, 2018).

The main resultsof the work were published in 25 papers, includinayticles
in Russian journals from the list of the Higher eStiation CommissionBAK), 6
articles in English-language journals included he Web of Science database, 14
abstracts and conference materials, the total wlafmwhich is 6.931.1. (personal
contribution 3.631.1.).

The structure of the thesis.The thesis consists of 5 chapters, set out on 264

pages, includes 29 tables, 107 figures, 7 appesdd@:! literary sources.
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List of aberrations

Distance from the front abdomen to back verticafigline
Distance from the natural waist to crotch level
Basic pattern block

Back point close to sacrum or coccyx in the higlemot on the
buttocks
Crotch point at bottom of lower torso

Crotch level height

Crotch level

Front crotch length, frordVF front toCr across the genitals peak
Back crotch length fron€r to WB through the hip middle groove

Side length from the waist to crotch level, legdiesminus outside
length
Knitted fabric compression performance index

Length from waist to ankle level in front

Length from waist to ankle level in side

Ease of the material

Maximum ease of the material

Maximum ease ease) of the material elongated ip di@ection
Elongation (ease) of the material elongated in weéction
KES index, elongation at 500 cN / cm load

Force (load) of tension

Front point at the hip level

Force (load) in different material elongation

KES index, shear rigidity (between shear angles#®+ 2.5°)
Level of the front genitalia peak

Height of genitals peak follow the wearing habits

Distance from the genitals bulge peak to back e&rgjuideline
Buttock level

Hip girth

Hip heigh

Distance from the hip peak to back vertical guiteli

Side length from natural waist to hip level closdte body
Difference between the genitalia peak and croteélle
Difference between the hip and the crotch level

Difference between the crotch and new thigh lewetierwear bottom
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Difference between the the natural waist to waistiavel
The compression ratio of knitted materiaiherko)
Kawabata evaluation system (tensile strain andrgireaerties)
Kawabata evaluation system (compressibility anckiiness properties)
Kawabata evaluation system (surface properties)

KES index, linearity of compression

KES index, tensile rigidity

KES index, mean frictional coefficient

KES index, fluctuation of mean frictional coeffiote
Navel level height

Thigh girth in horizontal

Thigh girth in oblique

Torso girth below waist level at waist level

Waistband height

Pressure

The maximum pressure measured on body

The maximum pressure measured on material elongated
Quartile in descriptive statistics

KES index, recoverability of compression

KES index, tensile resilience

r, correlation coefficient

R-Square, coefficient of determination
AdjustedR-Square

Statistical hypothesis testing

Size of body and underwear, small (middle, large)
Standard deviation

KES index, surface roughness

Textile materials

Material thickness under the pressure 0.5 cN/cm
Material thickness under the pressure 50 cX/cm
Thigh level

Thigh girth

Side length from natural waist to thigh level

Waistline level

Waist girth

Waist height
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Distance from concave waist back to back verticadigl/ine

KES index, work of compression

KES index, tensile energy

Natural base approx. 2.718

Actual relative error

Knitted material after stretched from 10cm to asoeeable range

Value describing buttocks bulge (the differenceneein the profile
section arc through the back and the distance leetie waist level
and the crotch to characterize the bulge of th& pact)

Value describing genitalia bulge (the differencenmszn the profile
section arc through the front and the distance éetwhe waist level
and the crotch to characterize the bulge of thétgenpart)
Difference between waist front and the genitalilgbu

Difference between hip and the natural waist back
Vertical distance from natural waist to hip level
Difference between hip and natural waist girth
KES index, elasticity for minute shear

KES index, elasticity for large shear
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Chapter 1. REVIEW OF MODERN DESIGN OF MEN'S UNDERWE AR

Underwear as one of the necessary clothing expmtera long period of
development to form the current shape. When thig papple change dressing from
“skirt” type of the lower clothing to the underweahey found that underwear
changed people’s way of life, so that labour bemere convenient and fast [192].
So the structure of underwear design reflects gaty and functional has a decisive
role in the human body wearing effects and conjf80].

In the early times, the underwear are called “ugalenent”, “underpants” or
“underclothes” in some of the European literatdnethe early 18th century, before
the European Industrial Revolution began, men’ssandar are mostly as “loincloth”.
Furthermore, Europe, Asia and Africa men’s undente@ae a wide variety; there is
no fixed style structure, no similar to today’s s\@soduction of daily underwear. To
the 19th century, “John’s boxing underwear” (tiilttng pants) began to sweep,
began to have the shape of contemporary underwWéan into the 20th century,
men’s underwear varieties began to increase, cdrapgly the concept of design to
men’s underwear.

Nowadays, with the improvement of the living levaehd the growing
consciousness of their health, the comfort andviddation of underwear have
expanded beyond the traditional requirement [85q, the consumption of the male’s
underwear consumer market has become more promib&dL At present market
has a wide variety of men’s underwear with a lotidfierent styles and performance
products, and the manufacturers also distributeurattothe world. So men’s
underwear with a good potential and developmensp®ots is a branch of the
Chinese garment industry. Moreover, the desigroatemporary men’s underwear is
towards comfort, fashion, personalised directianycsural design of science and

technology to promote the development of the undarware more scientific and
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reasonable [249]. Different from the women’s undsawy men’s underwear mainly
dominated by briefs, boxers etc.

Contemporary men’s underwear is no longer a padaily basic concept of
cover-up, warm in the traditional, but shaping aedsonalizing towards more design
concepts, which shows male charm and masculinign'Munderwear had towards to
more visually and functionally [111], in the stydé design, is increasingly focusing
on the characteristics of the male body movemeiat) as the favourite type of push-
up effect boxers in internationally, it is moretabie for sports [189]. Now, more and
more males began to pay attention to the beautmaérwear and the physical beauty
after wearing, so men’s underwear also use shapipyish-up effect as design
features to meet male aesthetic and physiologie®dss However, few men’s
underwear in the China markets could meet the remants of this feature or only
meet some shaping but neglected comfort requiresndriterefore, based on the
development trend of men’s underwear in China atermational market, to study on

new reasonable comfort men’s underwear designperative.

1.1. Brief history of underwear

1.1.1. Types of men’s underwear

In the time old age, the “Loincloth” was born sewbousand years ago [76].
The Medieval “Braies” are a type of trouser worn®gitic and Germanic tribes in
antiquity and by Europeans subsequently into thei®@l [79]. The union suit is a
type of long one-piece underwear that was createdtica, New York around the
19th century [78]. Long “Johns” were first introdut into England in the 17th
century, but they did not become popular as sleapwatil the 18th century [77].
Kneibler A. first designed the Y fronts design i@83%#, Kneibler introduced a new

kind of snug, legless underwear with an overlappifgont fly [74].
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- Boxers (Long Boxers or Midwa-Briefs mostly the Jockey compal
manufactures), usually very ti¢fitting and long legsalmost allhave functional
design;

- Boxer-Shorts (Trunks, such as daily basic underwear, swimming trunk
bathing trunks), loo«fitting or directly, long or short kinds types, usu: have a
fly in front, fabric is rarely stretcl (cotton), ndunctional desigr

- Briefs, tight{fitting and basic type, like a “triangle”, witholggs part, could ad
functional design;

- Bikinis, swim briefs;

- Strings, short than Brie;;

- Thong (G-string), as Briefs but at thback, the material is reduced to
minimum,almost always designed to cover the genitals, andgperineum, ar
leave part or most of the buttocks uncove

- Jockstraps, as a jock, jock strap, strap, supporter, or #thlsupporte for
supporting the male genitalia during cycling, cehtgpots or other vigorous

physical activity.

Briefs Boxer-Shorts Boxer-Briefs Boxers

Thongs Bikinis Jockstraps
Figure 12 — Main types of men’s underwe
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Compression tightitting (correction effect) underwe It is a kind of a good
design conceptcomfort, structural stability, and ti¢-fitting underwear, this type ¢
underwear in recent years become more and mordgi

Correction underweégocuseson the design of front pouch (pouch) part, ma
on the mderwear front part functional changes, changirgprimary insert type to
the current “egg” shape of ttpouch.For men’s underwear, front a very special
part, it needs to increase ticompactnes®f fit with the genitals to enhance t
comfort in dynamic and static. Crotch and backdepign- the crotch part design
the primarytype underwear usually sew the front pouch bottinomt and bacl
pieces to one inseam, which is similar to panteam, the process is relative
simple, but there is a lack of wearing comfort ihdand it breaks easily. “Pu-up”
(lifting) effect, as early as the 16th centiwas appliedko women’s corset, whic
modified the characteristics of women’s breaMoreover,now, the men have the
new request appreciation of the beauty, so in tle@m'snunderwear market, tr
functional concept is also popular in the underwsesmign.The “cup” (or egg shap
similar to the bra), mainly due to its unique stuue, lift the genitals soft tisst
(Figure 1.3a, b)People are trying to use the new design conceptua$ as possibl
to replace or surpass the old de; it can be saithat this is men’s underwear marl

iconic developing proce:

a b c
Figure 1.3- Pushup effects in female bra and male unden

Figure 1.4shows underwear types are classified by waistbastan, such as (!

by height of waistband high-rise, mid-rise and lowise, in common, mk-rise below
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nature waist level is 4...10 cm, I-rise is below 10...20 cm. (c) the length
underwear comparealith inseam and side seam len— boxer briefs, inseam is O..
cm, short Boxers is 6...8 cm and Midway Boxers egerthan 8 cm (longer in the |
than boxer briefs and tigh-fitting), and side seam length is affected by posibf
the waistband, save usually distinguish underwear from inseam lengththe briefs

with different side lengt!

a b C d

Figure 1.4- Underwear types, — different waistband height and seam lengt-— different
waistband height, — different inseam length,-ddifferent outside leng

The process of the front crotand thigh bottom are usually used stitches
(or 3) needles bottom cover stitch (looper threa$ottom) forpanelling tripe and
covering edge, 2ieedles chain stitch with cover thread, 2 (or 3dhes 4 (or 5
threads cover stitch. The sideseam inseam are usually used 2 (or 3) thre
overedge stitchMoreover mostly only used 2 (or 3) needles 4 (or 5) threzmiser

stitch for whole seams of underwear sewiFigure 1.5).

a b c d
Figure 1.5- Sewing stitch of men’s underwear (front and b
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Today, the new kinds of crotch part design in memiderwear is popular the
separate crotch piece, back sewed with the hipepiesually as a curve line lower
than hip level, the inseam moved to the front thigbse to the thigh front middle.
This kind of crotch piece design, not only incredise space of crotch but also
decrease joint seams by many pieces in the insgathat the bottom of the crotch is
more complete, and not easy to break; add thetgteutne in the hip to change the
structure to increase the hip soft tissue pressoadifting. The effect of lifting on the
genitals and hips are mainly obtained through thectural design or knitted fabric
properties on the soft tissue (similar to womerpsiclothing).

Men’s tight-fitting functional underwear can notlyprthrough the structural
design, but also through the special propertiekrofted fabric to achieve the
function [140]. The function of “push-up” on menismderwear is wider applied to
sports underwear, due to the obvious friction betwgenitals and inner thigh during
movement. Therefore, it is necessary to adjust sinedngthen support of the
underwear crotch and genitals parts, to separatéafge from thighs, and finally

provide better protective effect on the movemerthefhuman body.

1.1.2 Existing research of men’s underwear

It has been known for years that male genitals iregspecial support and
protection on rough activities [29]. However, solnese types of male underwear,
for that it is no use in protection effect, canoaés reaction to a man when after
executing a certain move. Such as moving a thigiatds the abdomen and thus
pushing the thigh against the testicles, bringhfdrie shock of a direct hit and
abrasion [242]. Men’s underwear generally has sgv@eficiencies, including the
conditions of the scrotum to contact and stickhe inner thigh and inappropriate
pressure caused by pouch structural design can teaftiction, chaffing and

discomfort while sitting, running or squatting aotther numerous athletic activities.
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A lack of support for the genitals, limit freedomh movement and natural resting
position of the genitals, cause a lack of air amulstnre permeability. Therefore,
some types of underwear like “trunk”, “jockstrapddame popular. Male anatomy is
quite complex and more than just the genitals,ldlesr abdomen and the buttocks
are important. To avoid other inconveniences siscitoanded abdomen which tends
to push down the briefs, different size and weammgference of genitals, other
design elements in the briefs must be introduced.

(1) Appearance design of men’s underwear. Withtemirecords, some unique
design concept of men’s underwear were for thabgesf underwear improved and
do not have completely and scientific drawing stEpr example: in 1936, M.
Rumery [129] designed a separate pouch in frortclerdor male genital and thigh
separation, support (lifting) and improve comfdotit it was only a simple pouch
which similar to the triangle pocket. In 1938 F.affleld [17] designed the “U-type”
pouch and had a fly opening in the upper part ef gbuch (near the waistband),
which was similar to today’s “Y-type” men’s underaveand has a separate rhombus
bottom crotch piece. In 1965, C. Ca$88] designed a “lifting” underwear, but it is a
mechanical lifting pouch, the lower part of therfr@ouch is openable “A type”
design, the top buckle can be hung on the fronstvand and adjust the tightness of
the lifting. In 1970, J.S. Atlee [92] designed undear to perform a function with the
minimum discomfort and inconvenience by providimgtihe pouch. In 1979, H.G.
Dietz [67] borrowed from the structure of the cup of féenara for men’s underwear
pouch design, and the upper of the pouch had tveztibns straps like a bra, to give
support and protection to the male genitals. In519%. Brocks[214] designed
“modern” underwear, and all the edges and seams tieeselastic strips (panel), to
prevent deformation. In 2011, R.S. Cutlip and Witsch [158, 215] designed a
“pear-shaped” pouch viewed from the front. A loveatremity of the pouch extends
to perineum portion for covering the scrotum andn@aim, increased comfort and

wearability.
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(2) Design of men’s underwear. In the underweaigtesn addition to the
fabric, underwear structure and ease design are significant parts. Men’s
underwear are unlike women’s underwear in the desdue to physiological
characteristics in the genitals of the structuesign largely determines the products
comfort and functional. Except for the improvemehtthe front part structure, the
transfer of the inseam and side seam has also leeadty point for improving the
wearing comfort.

(3) Scientific research of men’s underwear. A. Wed [1] published a book
“Metric Pattern Cutting for Menswear” (1990) inveld men’s underwear pattern, but
the number of samples is single and the specifwviolg method is too simple, the
pattern making method is point-to-point drawing.Haggar [63] compiled a system
of women’s underwear and tight-fitting clothing lonamed “Pattern Cutting for
Lingerie, Beachwear and Leisurewear” (2004), bwrehis no pattern design for
men’s underwear.

In Asia, from 1940, Japanese underwear research paoduct developed
significantly, and provide a useful technology fdan for the Japanese domestic
underwear enterprises. [264]. Nakazawa [139] cotegléhe book tittled “The
Human Body and Clothing: Structure of The Human Bdflements of The Beauty,
Pattern Block” (1996), and made a detailed analgsisthe relationship between
clothing and the human body, which provide sigaifichelp of theory support and
structure design.

From 2004 to 2013, Y. Jianrong, C. Jianliang [231.55-60], [230, pp.81-88],
[16, pp.94-104], [229, pp.100-151] published fowoks on men’s and women’s
underwear. Related to the underwear patt@ocks of grading and layout and the
production process, which contains nearly ten memderwear blocks making the
method and simple exposition of the technique. H@nesome of the steps are very
vague, the use of the structural data are mosthsored from the finished underwear,

and the human body data are too elder to be usedbtthe scientific design.
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Therefore, it is not good for the beginners to nea€. Yuehua [24, pp.165-170]

published “Garment Pattern Block Design” (2007)s thook is a comprehensive
clothing design textbook, including men’s underwsaucture design, simple and
unique design method, which are suitable for begmiio learn. However, the data
are inaccuracy and empirical, it is difficult toseme that the underwear can be made
to meet the human body. D. PendRi7, pp.95-97] also published a book of
“Underwear design” (2009), which contains one matelerwear pattern block, the
method is different from Y. Jianrong and C. Jiamjg, but still cannot avoid the
data vaguely. Then, C. Lifg{15, pp.63-77] published “Underwear structure gesi
and pattern block” (2013) which was written diffetlg from other books and similar
to A. Winifred’s method of point-to-point, straigihe mostly forms the pattern
block.

Since 2005, W. Chengfang, X. Fuping and Z. Tie20d, pp.72-73], [224,
pp.37-39], [244, pp.70-72] based on the versiontha basic structure of men’s
underwear, optimise and improve the crotch and defail section. Due to the
investigation of the relevant research on men’semndar structure, most of the
underwear structure partial optimisation did nafolwe the innovation and design of
the new pattern making method. To 2013, Z. Lixi632pp.113-119] studied on the
male lower limb, he analysed the different struetand shape characteristics of male
underwear and provided some reference for the tatalcdesign of underwear. T.
Bonan [188, pp.12-20] studied the results of thenm@hensive results of the
subjective and objective evaluation and obtainezl kst comfortable parameters
combination of the crotch structural for the midtlpe body of young male college
students: front pouch rise 2 cm, front crotch width and back 4.5 cm or front pouch
rise 1.5 cm, front crotch width 3 and back 4.5 @tednine comfortable value on the
waist, hips and front crotch, and established tbmfortable pressure perception

model of underwear.
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So far, the Chinese researchers which involved snemiderwear structure
design are few and chaotic, most of the books @fobnd ten years ago, which
cannot be very good to adapt to today’s desigrdymtion and teaching.

Men’s underwear towards to more visually and floraily, in the style of
design, is increasingly focusing on the charadiesisof the male body movement,
such as the famous type of push-up effect box&88][ Now, more and more male
began to have pay attention to the visual beautinderwear and the physical beauty,
SO0 men’s underwear also use “shaping” as designrisato meet men aesthetic and

physiological needs [254].

1.1.3. Modern markets of underwear productions

In China 70 to the 80th century, the most basie typmen’s underwear began
to enter the market, no brand and sales in the lahgpping malls [47]. Until 90th,
Chinese men’s underwear market began to entertéige ®f development. Chinese
and foreign clothing industry began to trade exgesn a large number of
international brands enriched the men’s underwelar cdecoration pattern and type,
then underwear brand started to appear [268]. Af800, men’s underwear
functional, thermal underwear, health underweamaheg sweep, the products began
to be subdivided, different area different popujatypes of underwear, moreover
men’s underwear advertising began to appear. 19,20@ Chinese men’s underwear
consumption expenditure survey found that 500..\8@ per year, expenditure ratio
reached 39%, 800...150@an per year expenditure ratio reached 19.3%, and more
than 1.500/uanper year also have 11.6%. It is shows that pesfilahg conditions
are improving, the excellent quality, and varidtyesof products have a lot of market
space. Since 2010, men’s underwear personalisatonfort began to be taken into

account, thus, fashionable, branding as the cewtratept of competition, sales
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channels from standard store change into multi-oewtelevision, speciality store,
supermarkets and other means.

According to the “2015-2020 China underwear industarket demand forecast
and investment strategic planning analysis repootihted out that in more than ten
years, China’s underwear industry has been gradudproved and mature. At
present, China has a total of more than 3,000 wetarenterprises, while women’s
underwear products occupy 60% of the underwear ehagskare, the number of
China’s annual sales of up to 300 million braing] atill 20...30% yearly growth rate.

International underwear industry developed rapidithe past two decades, and
a more substantial rate of growth each year. Duthwey past decade, consumer
demand for underwear has been growing on a glotake 4167]. In 2014, only
Chinese underwear market (include women’s and menterwear) consumption
more than 20 billion dollars per year and an anguailvth rate of nearly 20% [96],
the men’s underwear market only occupied one-siktihne women’s. Because of the
design innovations of men’s underwear in the pnmstiage in China, branding,
individuation, scientific designetc are lack of development. Only a simple
production, processing and sales model, and thduption capacity compared to
women’s underwear is just 1/6, with great of mad@telopment [48, 23].

Moreover, according to the data of “The 2010 Ch8ieth National Census”
(2010)[25], male population accounted for 51.27%, abdQ 6illion. The central
purchasing power during 15...34-year-old, the malgpulation accounts for
approximately 15.47%, nearly 197 million peopleméde population accounts for
approximately 15.21%, nearly 194 million people, wan see that male were
significantly more than women. It can be seen thatpotential importance of this
enormous market.

Nevertheless, we can see some companies imitatedlegbign of underwear
from abroad in the market. Although the technolabmroduction level transparent,

poor fabric material, but sales volume well, thas@n is one low price. Another
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mainly because of its original good design senskevansion of structural advantages,
which brought a warning to the design of the tiaddl underwear industry, today’s

men had not the indifferent attitude of underwear.

1.2. Modern underwear and the human body

The body’s overall skeletal structure is connedigda variety of joints, at the
same time, the interval of movement of the join® dimited to the direction of
specific movement of bone and movement. This isfitie feature of the body. The
bones, muscles and soft tissues growth and otlages, the result of the formation
of a specific part of the deformation, known as ltloely’'s second feature; with the
various curvature of the body shape, the skinsgeific location to produce uneven
expansion, so as to adapt to this deformation (asdhe change in the skin of the hip
while squatting and standing), which is called boely’'s third feature. Eventually,
these deformations will be affected on the tigtitiig underwear. To joint, the three
body features to measure the deformation directiad, volume amount each part of
the body, to seek the form of underwear which al&pthis change, structure, and
fabric is the key to the design of underwear.

Over the years, due to the importance of underweareople’s lives and the
complexity of the lower torso of the human bodyisialways the focus of clothing
researchers and hot theoretical issues that homake the underwear structural
design more standardised, more in line with a aoné male body. Peoples’ wearing
requirement gradually from the beauty to comforthwhis wearing concept changes,
the professional research of underwear from theplsigradually extended to the
complicated field.

From 1995, S. Shimiet al [176] have studied and detailing described on the
relationship between the body and the trend otctbéch, hip parts bending in pants
pattern block, and the relationship between pamisbady. Z. Guangyao [261, pp.57-
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63] used clothing cutting method analysed on th@gdeformation with some basic
measurements, then got the corresponding relaiprmsiween the body and main
parts of the pants, which provides a quantitati@sivfor the study of optimising the
pants. Z. Wenbin [247, pp.58-94] explained the metaf functional and variability
structural of pants design with the difference lestw hip and waist girth, the
calculation among the crotch area in the book d¢éti@ng technology”.

From 2001 to 2005, Z. Jiang [258, pp.10] studies ghoblem of adaptation in
clothing design and body movement, analysed the almbty and wearing
comfortable from the perspective of human engimgeiL. Kanet al [118, pp.54-56)
experimented the changes of human torso skin iferdiit postural, and the
relationship between these motion parameters ohtimean body and the ease value
of clothing, so that makes the design of clothiag take into account the comfort
and aesthetics. T. Jun [182, pp.7] studied on Hange of body type and the ease,
and the reference of the ease value of clothinggieesh according to the variation of
human motion. X. Ping and Z. Xiaolei [211, pp.1-§256, pp.15]studied the
dynamic changes of the male lower torso and thactstre of tight-fitting pants.
Meanwhile, involved some tight-fitting pants desigiements, such as ease, fabric
and structure.

American scholars studied the skin elongation datéfferent parts of the body
in different postures, which are often cited beeaan$ the necessary quantitative
description of the elasticity of the clothes.

Japanese scholars began to study in this areareanlil981 Koike [103, pp.94-
110] used the gypsum method and the Moore cont@tinad analysed of the lower
limb movement caused by skin deformation. To 19%kd¢awa [139, pp.62-66]
studied from the perspective of the human anat@nglysed the movement caused
by the deformation in the design of the pants.Q8@ “The Clothing Department of
Japan Ergonomics Research Society” [186, pp.95-tbBE compiled by the “New

clothes and the human body” in the use of fine ikl the qualitative analysed of
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the significant joint movement on the skin defonimat

1.2.1. Anthropometric characteristic of the male laver body

Men’s underwear or pants structure research méadys on the human lower
body shape- thighs, waist and buttocks (cingulum member iigrpartsetc, the
lower limbs are important to support the body vathvide range of movement. For
the study of underwear structure, we can start ftloenprototype structure of short
pants, combine with men’s underwear structure, Soma the characteristics of the
male lower body, and analyze its structural charetics and changes in the
influencing factors.

In the structural design of pants, the lower baeitdires of the human body are
closely related to the wearing comfort. If the desis not reasonable, the movement
of the wearer will be affected. Figure 1.6 showe tbwer body function area
distribution, body-fit area, motion area, and fierea and design area. About the
underwear structure, we need to study the bodynitk motion areas the black area
(from waist level, iliac crest to upper hips) (Figu.6a); motion areafrom the front
abdomen, trochanter parts, hips and thighs to leriaeel; free area from gluteal
groove, crotch to below. The most intimate, comptexinections are “waist-hip-
thigh” with different morphological characteristick can be seen from the body
centreline of cross-sections (Figure 1.6, b), thepeprtion distribution of waist front

and back are balanced, but the volume of hip bacokare significant than the front.
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a b c
Figure 1.6- Shape of waist-hip-thigh, a — area of lower lintbs; cross-section, ¢ — profile of body

[139]

The movement of body joints will cause the skinodefation in horizontal and
vertical directions, the deformation values candguthe shape and ease clothing
design [237]. At present, scholars have studiedenstin deformation in dynamic
condition. As we know, human skin can be extendemnf20 to 200% due to
physical movement. Y. Sumiko [178] analysed thecdperequirements of clothing
of the various sports changes in the book of “Ghghypology” (1976). In 1980, A.
Yoshio [234], [235] announced the skin surfacetskrgate during exercise, the data
on the joints of the human body were essentiareefse values for how to consider
the changes in clothing structure under differdothing ease and movement. In
1983, Japan’s D. Tanaka [40] said the different #ye body skin deformation under
the same tensile stress are different. W. WeipQp] studied the structure of the
pants and measured the dynamics skin changes twwee body. W. Yanzhen (2013)
[208] tested the lower part of body skin deform ath® 7.00% in horizontal and -
60.00...40.00% in vertical while running. W. Tingy§247, pp.45-49] tested the
lower part skin body while running, the waist (abwm) and hip change range is -
48.00...36.00%. Z. Li (2016) [218, 255] studiedskim tension with -15.08...24.22%
in horizontal and -20.54...26.48% in 90° lifting$eand squatting.

It has been found through some skin stretching raxeats that skin
deformations are different for each region of tbedr limbs for some routine or
exercise. In the walking or running activities -e tareas with the most changes
mainly concentrated on the thigh and knee, in th&tling — the maximum changes
(extension) occur in the front knees and buttoeksl shrinkage in the abdomen and

front thighs (groins).

1.2.2. Measurement used to design underwear and @an
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Nowadays, the classifications of body type is uguahsed on the whole body
features. Chinese types of Y (slim), A (typicalston), B (typical to overweight), C
(overweight) conform to the difference of bust avalst girth [144]; Japanese 7 types
of Y, YA, A, AB, B, BE [27]; European (France, Geainy etc) types of 38, 40...62,
the body measurements are more extensive than ps@ple in the same type level.
Most countries in the world have their standareésidut they differ in size due to
their geographical, economic and political differes [50]. Comparison of the
primary dimensions: waist circumference, hip ciréemance and chest circumference,
the size of the measurements is the basis on breydferences, and the difference
between the different degrees of the best refldesbody shape characteristics.
Especially France and Germany, the sizes betweenG#rman 40 type and the
French 40 type are significant different. Althouginst(92cm) are the same, but the
hip of German 40 type (100 cm) is same as the FRretk types, the waist of
Germany 40 type (76 cm) corresponds to France g waist (76.2 cm), as well as
Italy, Spain, Britain and other countries’ size.4][3 Because the traditional
classification of underwear based on the value aistvgirth and height are not
unsuited for describing the details of particulartp, like genitals and hip bulge.
From our questionnaire we could know, some peoplederwear cannot fit their
body even with the right body type in traditionaes(height/weight or height/waist)
showed in the labels on the packaging.

Clothing size is usually marked like S, M... or I88A, men’s underwear size is
also marked/designed on the base of traditionagusieasurements (such as waist,
weight or height) and labeling as S, M or 170/6ts, The schedule doesn’t have
some crucial measurements of male bodies thatteflee bodies’ morphology [104],
different regions have different categories of umaar, but the general method of
pattern block drafting is similar [151]. Sometim#d®e size charts are different
between brands and styles, including different ggoigic traditions [72].
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Moreover, the similar ways of underwear identificas and male body
classifications cannot explain the clothing featuamd different styles [169]. The
consumers with distinctive physiological characiers and different body
measurements should use one size chart [133]. Wedercannot be try on before
purchasing to control the fit and the comfort. Ho@sumer needs more information
about specific features and construction of undarve be confident about wearing
comfort.

In 2006, Zou Ping [270, 271] analysed the hip,aravidth and body rise of the
lower torso of the human body, and added the ealss o the structural design of
the trousers. Yang Nian [225] discussed the dinomissof the waist, hip, hip girth
minus crotch girth of the male body, and addeddalase to design of men’s tight
shorts. In 2008, GAO Yiwen [58] took the verticaéasurements of the lower torso
body rise and perineum height account into panteipablock design. Zhang Cuihua
[240] studied the local size of the human lowesdofcrotch length and width etc.)
and compared with the results calculated by thendidet based on the 3D design.
Petrova A. [147] measured 24 subjects 12 measutsroariower torso parts, defined
them into 3 body shape groups (straight, mediumyygudetermined by the hip-to-
waist circumferences ratio. Chen Y. [20] selectethéasurements from 21 bodies,
and obtained the fuzzy models, so that ease caraloalated and the method has
been validated in the design of 3 types of trouséniang Zhongqi [253] analysed 49
dimensions and 5 variables of men in the westelngsk region,the results showed
that the two indexes of hip - waist difference awaist height/waist girth could be
used to classify into 5 kinds of human body shdjmeger body). Zhang Tierui [243]
optimised back hip part of men’s underwear, to make hips, and used traditional
body measurementswaist girth, crotch length.

In 2010, Hu Xiujuan [81] measured 4 measurementisfy hip girths and
crotch length) of 50 athletes under erect-standitege and riding state, and the

appropriate structural design of seamless ridiraytspvears is completed. Liu Dong
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[117] analysed on the hip girth, back buttock sldpgree, and the method to design
crotch part of the shorts has been obtained. Zhémghong [250] studied the
structure of the body rise, crotch width and highgiand different hip bulge types,
three types of pant back pieces have been desi@ieh Mingyan [19] analysed 16
dimensions based on body measurements of waidtiprgirths, body rise, hip minus
waist. Zhou Shaohua [260] adjusted the front widih¢ck width, body rise and
inseam length, then analysed crotch structure. VV&mengze [199] studied the new
measurements of 3 angles in profile, the structfr¢he original underwear was
optimised. Song H.K. [170, 171] used waist, hip d@mgh girths, waist to crotch
length, and inseam length to optimise the induptgits pattern block. Feng Feng
[52] (Figure 1.7a) used body measurements of heigaist girth, crotch length to
optimised the front pouch piece based on originadlemwear pattern block. Su
Zhaowei [177] (Figure 1.7 b) studied the distanteaist to hip and crotch width of
the male body, anaptimised the men’s underwear front pouch of thatipa through

the structure of the existing men’s underwear ertrarket.

Figure 1.7- Optimizeaof underwear pattern block:aptimize of the flr)ont pouch;-boptimize
of the front and crotch pieces
To 2011, Lu Pan [125] measured 13 measurement$ @sievaist, hip, belly
girths, body rise, waist to hip etc.) of 121 bodesd used different ease on the waist
and hip levels to made eight pants samples for imgdeeling test. Wang Gehui
[201] obtained the pattern with zero ease (tigtiafy) trousers through the

experimental correction of crotch width, buttoclgkm body rise, crotch length. Gao
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Lei [57] researched about 22 measurements on the Iowser body on waist, belly,
hip and thigh parts, used girths and heights ofwhaeést, hip, body rise and crotch
width to adjust men’s underwear based on origiastiepn blocks.

From 2013 to now, Sun Jingjing [179] calculated sfee of the human body for
structural design based on the human body neck, Wwasst and hip parts. Cao Bin
[13] studied the hip girth, and crotch width of tGentral Chinese male body lower
torsos, and the design of the pants structure wasised, and the comparison of the
fit is carried out. Xia Yan [226] studied five dasices in hips and improved the pants
pattern block with the ease, darts and back cemies change. Zhuang Qian [265]
studied data of lower torsos, divided hip into éhkéinds, and analysed five types of

pants pattern blocks with different values in cnopart.

1.3. Modern technology for the study of comfort undrwear

The comfort of clothing has become one of the legdharacteristics of modern
consumer demand [60], more and more attention ® d¢bntemporary male
underwear fitness and comfort, because when weamagrwear, it will inevitably
produce pressure [205]. The deformation procedalwfc in the process continue to
accumulate, resulting in elastic fabric ease, amd @nough to provide the
comfortable pressure to the human body. If theidatan adapt to this deformation
and recovery, it will make people feel comfortalaa;the other hand, the fabric will
hinder and bring some pressure to the body, anc rpe&ple feel uncomfortable [59].
Therefore, the tensile properties of knitted undEmvplay an essential role in the
functional and comfort of underwear [204, pp.24].

In recent years, the shaping men’s underwear irtr@vare from two aspects:
functional and apparent with the ergonomics anthaéss development. Besides, the
shaping underwear has become a hot research poititei medical application,

mainly in postpartum body sculpting, health care ao on. Asian and European
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experts and scholars have studied the relatishgbaden dynamic/static pressure
comfort and tight-fitting clothing (underwear, tigfitting clothing, stocking®tc). In
general, we use negative ease allowance in tighteficlothing design, and the value
must be consistent with the fabric elongation andenwear function [106, pp.182].
While the typical type of men’s underwear was basadsimple structure design
(tight fitted not enough), and produced a few presgnot easy to measure) on the
human body . So it’s essential to study the congowasunderwear.

So far, most of the researchers used direct maasumteto test tight-fitting
underwear (pants or clothing) by the sensor, sgctAMI air-bladder” (Japan) and
“FlexiForce A201 thin-film sensor” with “WirelessLEE System” (the United States)
in Figure 1.8. However, the drawback of the diresasurement is that it only
measure the pressure at a limited number of pladeseover, for large injury
surfaces, it is difficult for the sensor to acct#ss wounded area, and the method of
direct measurement on the human body is considerdoe time-consuming and
uneconomical [3]. The main reason for the assatidit@me and cost is that the
pressure garment needs to be constructed firstlyemable direct pressure
measurement. Furthermore, it is also intrusivaterpatient to cause discomfort. So,
some new measurement (contact)/simulate predigimm-contact) methods are

proposed to overcome the problems.

Figure 1.8 — Pressure measurement instrument

The research on clothing pressure comfort can dmedr back to 16th century,

due to the emergence of female corsets, it causeresewearing deformation
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displacement of the chest, stomach, and the restemd shape of enormous
devastation on the female body. At the end of B tentury, the E.M. Crowther
[28, pp.323-33] studied and found that long-termamey of tight-fitting jeans will
not only lead to physical deformation but also dgeneauman health. In the 1930, the
progress of human-made fibre technology revolusiedithe material of the modified
underwear. Especially with a flexible elastic bamdl rayon, it maintain the female
body and will not cause harm to the body.

In 1972, M.J. Denton [38] had studied the relatipdetween pressure comfort
under the static body and tight-fitting clothingthva maximum average pressure 2.68
kPa. Moreover, due to individual differences arftedent parts of the body, the body
feels uncomfortable when clothing pressure is betwb.88...9.80 kPa, which is
closed to the blood surface of the capillary blpoessure, the comfortable clothing
pressure range is 1.19...3.19 kPa, this studyatataow generally accepted and used.
Since the 80s, J. KIoti [101] people began to pignéion to the clothing pressure
positive influence on human body such as througisgure therapy for treatment of
hypertrophic burn scar, prevent venous dilatati@duce the probability of
thrombosis, congestion and blood circulation disof@2, 174, 228]. H.P. Giekt al
[56] measured the cutaneous pressures generatadplsssure garment, the results
show clothing over soft sites generate pressuragimg from 1.99 to 4.39 kPa, over
bony prominences the pressures range from 6.27.89 kPa, the method should be
used for more extensive research projects on meesbarapy and also for clinical
management of pressure garments in the treatmérypeftrophic scar.

At the beginning of the 20th century, with the depenent of science and
culture, the old solid support tight-fitting undexar changed to elastic fabric with
darts (a tapering fold is sewn into clothing to makfit) or lace up of tight-fitting
underwear [131]. In 2011, with the general improeemof clothing comfort

requirements and the popularisation of elastici¢alpressure comfort had attracted
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the attention of many scholars, has become thesfoauthe field of comfort, about
the impact of human physiological and psychologasgdects [173, pp.250].

The pressure comfort as an essential factor indéiky function of underwear
comfort, for this point of the research, was takenously until recently. M.N. Salleh
et al [161] has discussed a method to develop a pregsiothing for medicine)
distribution prediction model, the circumferencedamadius of curvature are
calculated from the 3D wounded area data, and cted/éto a 3D pressure garment
data to achieve the desired pressure. To 2016,ufuskan and S.P. Ashdown [196]
measured 9 bicycle clothing in 4 bodies with déf@r size sstanding and cycling
positions by AMI air pack sensor. Most tensionsumeed at waistbands, most
pressure locations on the bent leg increased Blight the cycling position in
comparison to the standing position.

In Japanese, as early as 1968, O. Shjzd468] measured pressure values of 12
positions on the human body in static and dynanvitije the pressure ranges at
abdomen were 3.53...6.37 kPa (displacement defmmalistance of -0.65...2.00
mm), waist was 3.18...4.81 kPa (displacement dedtiom distance -0.45...2.00 mm).
In 1976, Horinocet al [73] simulative measurement by cylindrical., iasvfound that
a decrease pressure may be related to the conyweksormation behaviour of the
body; much allowance should be given to woven &abior comfortable feeling than
to knitted fabrics. In 1982, T. Harada [65] expbtbtae relationship between the skin
stretch and the fabric elongation. A key varialifecing the pressure of the fabric on
the body is the radius of the part being covered,simaller the curve, the higher the
exerted pressure, sections with smaller radii ¢fcample ankles and wrists) require
less fabric reduction to achieve the same garneebttly interface pressure.

In 1993, H. Makabeet al. [131, pp.513-521] have studied subjective and
objective measurement pressure comfort of a vaoktyas and tight-fitting pants in
dynamic and static, and found that three regiontheffront waistline, thigh bottom
and front thigh were prone to discomfort, the ramges 4.00...5.33 kPa, and the
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average value on the waist was 2.46 kPa. S. WatandkA. Inamura [211, 83] tested
the amount of heart output (in the left ventricleright ventricle into the aorta or
pulmonary arteries per minute) in three differeostpres of supine, sitting, and
standing after wearing tight-fitting pants, and thege pressure the cardiac output
showed a linear decrease trend, the heart outpsitsigaificantly reduced while in
the supine and sitting state. Moreover, the largesssure provided in the groin by
the bottom of tight-fitting pants based on thessults. The bandages of shape and
material at the crotch were redesigned, therebythssure on the human body and
cardiac output are reduced.

In 1995, N. Itoet al.[84] studied the effect of the biaxial stretchirfgloe fabric
on the pressure comfort of tight-fitting pantswhis pointed out that the pressure on
both sides of the body was larger than that offittvet and back, the comfort values
of the hip, sides and thighs were 0.8 kPa, 1.308&Pa, the compression ability of
polyether-ester fabric more stable than the polyxarge (polyurethane). Y. Nagayama
[136] made a comparison tdiking off the tight pants and common pants sepbat
measured the data of recovering stage: the bloesspre, electrocardiogram, heart
rate, and found the significant increasing pressnceeased affects on heart rate,
blood flow and some changes in the nervous systeri998, M. Nakahaslet al
[138] examined the influence of pressure imposetheriower leg on the skin blood
flow. They found the skin blood flow tended to deage with increasing pressure. D.
Tanakaet al [181] investigated the effect of girdle pressarethe change in skin
blood flow, and found that the skin blood flow irased when the material pressure
was within the range of 1.99...3.33 kPa.

From 2005 to 2013, M. Nakahashi and H. Moroeiaal. [137] conducted a
study on the primary data of the comfort of thepshg clothing with different fabrics,
structures and sizes, and analysed the subje@nsason (pressure, comfort, profile
satisfaction) and physiological response (hearg,rakin blood flow and skin
temperature). R. Yokoi [233] also studied the heatd, blood flow, skin temperature
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of not wearing in supine position, wearing diffearaszes of pants in standing and
supine positions. Through the test, with the cloghpressure increasing, the heart
rate significantly accelerated, and leg blood skbwewn, the skin temperature was
lower when not wearing, but the supine heart ratdaecoming larger, the skin

temperature was higher.

From 2010 to 2013, the researchers of T. Tamurd][1Bp.94-107], T.
Kobayashi [102] and M. Sato [165] respectively siiane pressure tested. Such as the
pressure values measured on ten female lower liwibis average values of 2.40 kPa
(hips), 2.84 kPa (thigh) and 3.09 kPa (calf). Meexo different kinds of clothing,
average pressure value of tight-fitting pants (avdr limbs) was 1.08 kPa, the
average value of tight-fitting T-shirt (at torsasdebiceps)was less than 2.26 kPa, but
for the average pressure value of males is higheryalue of bust (chest), waist ,and
hips are 4.95 kPa, 4.99 kPa, and 4.98 kPa. In ZD1Bpshiyuki [191] studied the
pressure at 9 points of tight-fitting stockingse ttomfortable average values were
less than 4.50 kPa, the total calf was 3.70 kRanptiudle calf was 2.80 kPa, and the
ankle was 2.10 kPa.

In China, this field of studiy started later. Fr@®05 to 2010, L. Mingxia [126]
and W. Jinzi [203] measuremh 96 static test points of 20 women’s bras, undarw
and tight-fitting socks, the pressure range of wwear waistband was 1.73...5.93
kPa, the range of tight-fitting socks in the thighd knee was 1.65...3.93 kPa,
However, in the test more than 70% people receiveomfortable pressure at
2.20...3.00 kPa. Y. Shijia [236] measured 15 poaitthe whole body, the seamless
underwear pressure average value was 0.98 kPar{@hase65% cotton and 35%
Polyamide). J. Zimingpt al [90, 91, 267] measured 33 points of the male baaty
the value range was 0.32...1.46 kPa (80% cottd, gélyamide and 5% spandex).

From 2011 to the present, X. MeilinN@23] found that the wear pressure
distribution of the autumn and winter pantyhosedusng 0.04...0.17 kPa. Y. Pei al.

[226] found the average pressure value of tighinfitfemale pants was 0.4...2.5 kPa.
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L. Yapinget al.[121] conducted a study on 9 points of 25 femaldéomens and hips;
the comfort range was 0.72...1.75 kPa, and themaip lifting 0.59...0.65 cm under
pressure during 0.90...1.27 kPa, abdomen tight€n@d...1.06 cm under pressure
value during 0.98...1.15 kPa. L. LyllR4] did the same measurement study next year,
the pressure values on abdomen and hip were 0.88..kPa and 0.89...1.07 kPa,
while decreasing 0.72...0.85 cm at the abdomenli&imdy 0.69...0.83 cm. L. Yao
[120] got pressure range value of abdomen, highttand calf respectively were
0.96...1.55 kPa, 1.49...1.84 kPa, 1.23...1.66 kithlad4...1.65 kPa, meanwhile the
girths change of the abdomen and hip is 0.94...k8vV and 2.65...3.69 cm.
Furthermore, G. Lei [57] and tested the 16 poimesgure of male underwear after
structural optimisation, and the average value @& kPa (mid-waist), 2.58 kPa
(hip), 2.30 kPa (thigh). J. Erfan [87] studied maleerwear comfort pressure, the
waist was 2.20...3.70 kPa, below the hip was 2380 kPa, the front crotch was
2.40...3.30 kPa, under the crotch was 2.40...2B04nd leg was 2.60...3.40 kPa. Y.
Wenxia [239] tested 26 kinds of fabrics pressuri@eswith of 3 types of cylinders
under different elongations, pressure value in@gaath the elongation increases, if
under the same elongation conditions, pressureedses as the radius of curvature of
the cylinder increases. J. Zhennan [89] measu@® fhoints of upper torsos on each
three kinds women'’s tight-fitting yoga clothes (9%%iton and 5% spandex), and the
range of average values were 0.29...1.49 kPa. 1Z.[]241] and L. Huashan [123]
studied the pressure in the middle and late pesfoeixercise; the medium pressure
clothing can promote the alleviation of muscle ga&, while the high and low-
pressure clothing did not relieve muscle fatiguel @aven induced fatigue, the
pressure of shoulders, upper arms, forearm are. 354 kPa, 2.33...3.03 kPa and
2.19...2.89 kPa, and the pressure of thigh froile,sback are 0.50...0.78 kPa,
0.40...0.70 kPa, 0.40...0.65 kPa, hip is 0.789.kPa.

1.4. Modern methods of underwear design
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Current existing men’s underwear drafting methadsame teaching books,
these patterns blocks were merely and only markeldieg of sizes, without
explanations, mostly are empirical data and fixatles based on finished product
measurements, and just the value of waistband ggrtto rely on mathematical
calculations. These cases are related to diffdasmbdrs of the system “body-clothes”
— shape, materials, structure - and requirementgdocerted in the pattern design.
For example, Russian designers can use the limitetber of pattern block making
instructions including Muller and Son (Germany),nWfied Aldrich and Military
method [216], but the possibilities of mentionedtimoels do not allow designing the
contemporary underweatr.

The method of Asian existing men’s underwear ismirg. These patterns as
shown in Table 1.1 with marked values mostly argieoal data and fixed values
based on product measurements, only the value dfthaadNo.1is to rely on
mathematical calculations. They are two-piece, @metpiece basic men’s underwear
finished size 170/88.

Table 1.1- Boxers pattern blocks

a [230] B [229]
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c [231]

d [16]

e [15]

f[271]

1 - waistband length, 2 - front insert top width; Balance, 4 - side length, 5 - frg
insert middle length, 6 - front insert rise, 7 saéam front part, 8 - pouch bottg
width, 9 - waistband to hip, 10 - back centre landtl - bottom length, 12 - value

back crotch peak, 13 - inseam back, 14 - distah@®mt insert top and bottom.

)nt
m
of

No. Size, cm No. Size, cm
1 60/2+2..45 8 2.5...3
2 5 9 13...16
3 15..2 10 26...30
4 21...28.5 11 48
5 23...28 12 4.5
6 1.3...1.5 13 6.5...7.5
7 3.5..5 14 2..5
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Table 1.2 shows the diagrams of drawings of mamefsh

Table 1.2- Briefs pattern blocks

c d

1 - waistband length, 2 —front insert width, 3 ldoae, 4 - side length, 5 - waistband
to hip line, 6 - front bottom length, 7 - front widat hip, 8 — front insert centre
length, 9 - front insert rise, 10 - inseam front, -1front insert bottom width, 12|-
value of upper bottom rise from line of sideseard aip line, 13 - value of lower
bottom rise from hip line and front insert bottob4, - back width at hip, 15 - back
centre length, 16 - back bottom length, 17 - bgmken bottom rise, 18 - back middle
bottom rise

No. Size, cm No. Size, cm

1 64/4+4.5 11 5...6

2 1/ 3* waistband front 12 3.5...15

3 1.5 13 0.6

4 8...9 14 16.5

5 15 15 30...32

6 50 16 50

7 7.5...8 17 0.7
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1.5. The effect of textile materials on comfort andlesign of underwear

In recent years, technical fabrics have been usedeet better consumer needs
regarding the function of the base layer and paeity those technological advances
that allow for better fit and comfort. Underwearrnew made of spandex fibres,
which offer excellent stretch capability, espegiddir garments with athletic capacity.
From techno-fabrics to cotton blends with new wesatee result is a second skin that
Is designed to stretch with movement and to fitgbnwagainst the surface while
remaining loose at the same time.

Comfort is being addressed in new ways to accomteockztain types of latex
or rubber allergies [156]. For example, Hanes eoffdre “comfort soft” waistband
design and has introduced a layer of cotton fgtlaced between the waistband and
the skin. In same tight-fitting kind of underwethre fabrics with poor extensibility
and considerable friction, the body will have aagee sense of compression; the
other hand, it will be more comfortable. Howevdre tresilience, flexibility and
thickness of fabric also have a more significaract on the comfort of underwear.

Fabric properties and clothing design are the tactofrs that contribute or
impede clothing comfort. Fabrics have certain eldgt woven fabrics are more rigid
than knitted fabrics; knitted fabrics have excédll@axibility due to the interlaced
structure. In general, elongation more than 15%efered to as good stretch fabric
and with elongation less than 15% is rigid fabRabric with elongation more than
30% is called very good stretch fabric, and elologatiuring 15...30% is called
“comfort” fabric elongation [49]. Close-fitting dbing made of such fabrics has
minimum resistance to body movements, particularbund the elbows, knees, back
and seat. The knitted fabric is more extensibla tivaven fabric, hence for tight-
fitting clothing, e.g. underwear, the knitted falig preferred.

However, the research on the relationship betwtentaral characteristics of a
high stretch knitted fabric and clothing pressure lanited [163]. The high stretch
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knitted fabric is often used for the compressiontlthg because compression
clothing should very fit (tightly) to apply pressuto the skin [108]. The pressure
level (value) of a high stretch knitted fabric dege on the knit structure, yarn
composition, and knitting type; however, little keown about the correlation of
fabric size, stretch properties, and clothing presf high stretch knitted fabric
[164].

Therefore, it is possible to develop compressiamdpcts which can exert the
exact required pressure on the body utilising tlestieity of knitted fabric [26].
However, an appropriate structure should be salgateanged and used for specific
body parts when designing compression productsusecdifferent knit structures
show different stretch properties even in the stabac [162].

D. Lyle [127] indicated the better elongations wé&h fabric, comfort stretch is
25...30% and power (over the comfortable rangetdiris 30...50%. H. Lee [108]
studied on compression therapy which utilizes neddoompression garments and
functional body shaping underwear design made gi Ipower stretch fabric. M.L.
Josephet al [93] identify that the amount of elongation fegular wear is between
10% and 25%, and for more active wear is betweéf 85d 50%. According to K.L.
Hatch [66] the appropriate range of percent elangafor textile materials for
tailored clothing is between 15...25%, for sportamis between 20...35%, for active
wear is between 35...50%, and for form-fitting gamts is between 30...40%.

In 1993, J. Hwet al [80] found a correlation between fabric stiffnessl some
objectively measured parameters with Kawabatayudwel coefficient of friction, the
linearity of compression thickness curve, bendigglity, and energy in compression
fabric under five kPa. R.B. Ramgulaet al [154] compared the method of
measuring fabric surface roughness using a lasesosewith the conventional
Kawabata contact method and found a relatively gomdelation between the two

ways.
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2012, K. Taegyou [99] studied 13 kinds of tight eppportswear, more than 70%

of the upper body surface showed surface change aet under 20%, fabrics
elongations are 16.0...58.2% in warp, 23.1...78@%eft. In 2014, W. Yanting [219]
tested and analysed three kinds of elastic fai§tids.18 spandex, 82...90 nylon, %)
properties with human body skin deformation in sosperts actions. The fabric
elongation of best matching extent at hip part 88% in warp (144.4% in weft),

front tight was 81% in warp (124.4% in weft), baaht was105% in warp (144.4%
in weft),front knee wa 81% in warp (124.4% in wettpck knee was 81% in warp
(144.4% in weft).

Fabric style is a comprehensive reflection of thbric appearance, wearing
comfort and beauty [132]. As early as the 30s, P&irce (British Cotton Textile
Industry Research Association) [146] published “hiaadle of cloth as a measurable
guantity” (1930), he firstly proposed the relatibips between the mechanical
properties of fabrics and hand feel, and makeptessed by data. J.W. Eischen [45]
initiated research in the bending behaviour of italand the measurement of its
material properties, he measured fabric flexugatiity using a simple cantilever test
and also modelled a typical woven fabric. By the,78. Kawabata [95] began to
study the mechanical properties of fabrics andiphbd “The evaluation of the feel
of thin men's suits and the emergence of the KE$esy' (1973). In the 80’s, N.
Masakoet al [128] studied the relationship between primarychamical properties
of fabrics and appearance of the suit is investjatsing discriminant analysis. A.
Inamura [83] thought that the effect of the bodgEhg after wearing the tight-fitting
pants was related to the softness of the tightiitpants material, the flexibility of
the pants was related to the shear propertiesthenstiffness was associated with the
tensile properties.

In 2010, Y. Yua [227, pp.20-26] showed that theueabf pressure was closely
related to the shear properties, flexural properéied tensile elastic properties, the

elastic modulus, transverse shear properties; rttwesvterse bending behavior is
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positively correlated with the clothing pressuretds, and the flexible recovery
performance of the fabric is negatively correlatgth the clothing pressure factor. D.
Xin [39, pp.12] tested eight kinds fabric of tiditting pants with five different sizes
according to the standard pattern, the correlamong clothing pressure, tolerance,
and elongation load were discussed, and the reftifte elongation and load of the
fabrics was got according to the comfort and béaptiessure. X. Hongt al. [220]
studied that the change of warp or weft densitythlezl change of the bending and
shearing performance at the same time, while thgo \ead weft tensile properties
have little influence on each other.

However, due to the high cost of KES equipment, mlarated description of
results, application background and other reasibrisas not been widely used by
enterprises and research results at present.

(1) KES-FBL1 tester is used to measure the tensdeshear properties of fabric,
non-woven, paper and film materials. It is usedd&termine the behaviour of a
sample while under an axial stretching load [1()eTextension is defined as the
change in length of a material due to stretchinge Btrain is the ratio of the
extension of a material to the length of the matdyefore stretching [31, pp.63].

Therefore, the tensile and shear change of thécfadmilar to the tension and
deformation of the clothing worn on the human boclyanges with body shapes,
clothing structures and eases allowance designarSheidity determines fabric
stiffness or softness [86]. The shear deformatepedds upon the friction and elastic
forces within the fabric, so the values of sheapprties are significantly affected by
the fabric structure and finishing process (Figirt® a and b). For example, the
values of shear rigidity and shear hysteresis asgavith the increase in weft density
of woven fabrics [98].

(2) KES-FB3 tester is used to measure the compméssiand thickness. The
compression test for fabric is used to determirmeféioric thickness at selected loads
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and reflects the fullness of a fabric [142]. Thekhess of the fabric is one of its
primary properties, giving information on its wahmtveight and stiffness [7].
(3) KES-FB4 tester is used to obtain frictional flogents, fluctuations of
frictional coefficients and surface roughness. &eef friction and roughness
characteristic data are useful for determiningniedls and softness, smoothness,

crispness.

a b
Figure 1.9- KES-FB1-4 diagram: a tensile-strain, stretching and the area underdar@irves

(F), recovery (F"), and the triangledld’; b — shear-strain

Therefore, it is necessary to control the wear @riogs of the fabric [259]., in
the final analysis, to manage the tensile shegrgsties, compression properties and
surface properties of the fabric under low loBdy. If the smaller the two values of
fabric linearity of tensionl(T) and shear stiffness5], the fabric softer; when the
greater of fabric stretch elastic recoveRT), the stronger of fabric deformation

resilience. Fabric comfort is also directly affagticonsumers’ purchase factfit45].

1.6. Computer-aided clothing design

With the improvement of science and technologyhi@ &pparel industry. The

early drawing software such as Adobe PhotoshopgelDoaw, Adobe lllustrator,
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Corel Paintertc In 80s, the CAD (Computer Aided Design) softwaketo CAD,

Gerber Accumark, Lectra, Investronica SolutionsPP3ystemetc, these softwares
in the clothing pattern block and other industdakign, making the integration of
computer and industrial production techniques frtlenhance. Clothing CAD
enables the industry to reduce product developmysiés, reduce costs and increase
profitability. Reducing design costs by 10...30%gucing design cycles by 30...60%,
and improving quality 2...5 times, equipment usaggeased by 2...3 times, more
quickly to adapt to the market demand, to put petslin the market, also can get
more and faster information. So, the popularityctidithing CAD has become an
inevitable trend to enhance clothing industry cotmipeness [166].

However, clothing CAD systems mostly focused on 2k effects (design),
which makes it difficult to predict the impact diet designed garment, and very
difficult to achieve satisfactory results for timelividualised consumer [42]. However,
through the 3D system, it is easy to make humamebathd movement effects to 2D
and 3D interactive design [32], to make customessthleir dressing directly for the
individual requirements, which played an excell@mmmotional and design role [43].

At present, 3D fashion design is still in the exptory stage, there are still some
more difficult problems, such as fabric texture afhyhamic performance, realistic
and flexible 3D reconstruction of surface modelargd so on. How to solve these

issues is the key to the 3D practicality and conunaésation

1.6.1. 2D design

In 2005, China’s clothing CAD penetration rate heached 30% [212]. With the
gradual maturity of all aspects of clothing CAD pmtion, software technology has
been a leap of development. However, the CAD aaftin rate of the clothing
industry is far less than Western developed coemtil14]. The single function of

Chinese clothing CAD system is still focuses on fie&ls of pattern block design,
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grading and layout, and has always been a pasesiggn to rely on the advantages
of low prices and localisation of functions to catgwith multinational corporations.
Currently Chinese and abroad for smart clothing GAEhnology research is still in
stage of exploration [119].

In the developed countries such as the United Statd Japan, the popularity rate
of clothing CAD systems is as high as 80%. “Gerberthe United States, “Lectra”
in France, “Investronica” in Spain, “Pad” in CanadAssyst” in Germany and
“Toray” in Japan are all further developing towatdsintelligent, integrated and
networked direction.

Application of clothing CAD technology is not ond reflection of the size of
clothing enterprises and the benefit but also #ehriical assurance to improve
competitiveness. In the process of pattern blockige the structural design of a
point, line and surface can accurately reflectinibention of the designer.

In recent years, CAD technology has made signifieawancement, and the 2D
clothing CAD technology has matured. The traditida clothing CAD technology
cannot provide the 3D representation of clothing trerefore can not meet the needs
of clothing design. Accordingly, the development3® clothing CAD technology
has become a universal concern in in the world][222

There are several important issues in the eveBDoétlothing CAD system, that
Is, the measurement and drawing technology of 3@drubody, the technique of 2D
graphics turning 3D, and the 3D virtual simulattenhnology [8]. Among them, how
to quickly and efficiently build 3D body and clotlg model is the basis of the
research. Anthropometry is a crucial primary warlclothing design and production
[262]. The human body is a complex curved surféas;complicated to obtain more

accurate, comprehensive human measurements dat4]11

1.6.2. Body measurement technology
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Currently use the following methods.

1. Methodof stereoscopy, using a set of cameras photograpttige body at the
same time, calculate the mannequin through the hupoaly surface shape, cross-
sections and curves scanned by lights [145]. Howdhés method is in line with
human visual characteristics, so in some concaxfacgs and dark parts are more
difficult, also inaccuracy;

2. Method of laser body scanner, like German Vitus $M&L 3D, Human
Solutions, Anthroscan software for visualizatiomgqessing and evaluation of data;

3. Moire topography is a contour mapping techniquactvimvolves positioning
a grating close to an object and observing its @wadn the object through the
grating [252];

4. Method of white light, using white light to projegtsinusoid on the surface of
the body, raster deformed by an irregular shapeesudting image will represent the
body shape [251], such as the*TTelmat.

1.6.3. 3D virtual technology

3D design system allows the importation of 2D pattblocks from the
appropriate CAD software, then to wrap them ontaral model to visualise the
virtual clothing and to simulate fabric drape andThis CAD group includes Vidya
(Assyst-Bullmer), CLO 3D 5.1, Marvelous DesignerL(T Virtual Fashion),
Vstitcher (Browzwear), Accumark Vstistcher (Gerberaute Couture 3D (PAD
system), Modaris 3D Fit (Lectra), E-Fit Simulatorukatech), and 3D Runway
(Optitex) etc

The Vidya enables the creation of customized vinmannequins based on the
customer’s market and specific size tables and {sodyned data. It can visualise 3D
clothing design (Vidya) from 2D patterns (AssystdCaoftware) [4] and simulate

fabric drape on a virtual mannequin. It can affeams, buttons, seam lines, linings
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and folds in the 3D design, it allows the desigoesdd colors and textures as per the
preference. It comes with a range of fabrics inst@ndard library which can be
expanded by inputting any fabric characteristicketa from objective fabric
measurement systems such as KES and FAST.

The first applications for mechanical cloth simidatappeared in 1987 with the
work of D. Terzopoulo®t al [184, 185] in the form of a simulation systenyned
on the Lagrange equations of motion and elastiftaserenergy. S. Krzywinski and
B.K. Hindset al [100, 70, 71] studied the tight clothing on tHe Ransition to 3D
system issues which refers to the relationship &éetwthe force pressure and fabric
elongation.

During 2000 to 2006, T. Vassileat al [194] developed a technique for virtual
clothing body, and this method can fast simulatssing people. H. Rédel and T.
Ilgarashiet al. [157, 82] evaluated the physical properties ffedent kinds of fabrics
and the pressure comfort after virtual dressingidigig 3D technology and Kawabata
instrument, which provides a reference for fabed@rmance selection.

In 2002, F. Cordieet al [30] studied on the gap (space) between the iolgpth
and mannequin and divided this gap into three tygmesrding to the amount of the
clothing model; various methods calculate differtypes.

In 2013, T. N. Magnenaet al. [130] presented the online virtual try-on
application that assists users in the evaluatioclathing in online shopping; the
users can create a virtual size of themselves,naake them try-on clothing and
move.

In China, from 2003, C. Wangt al [197, 198] presented a clothing design
system that allows users to design 3D clothing radomnannequin through the 2D
pattern block drawing. To 2004, K. Fujun and H.BaMyet al. [55, 109, 133, 202]
developed software to achieve human modelling dhdiulation of the dressing, it
IS possible to observe the effects of various ahgftstyles in multi-angle, and lay a

solid foundation of virtual try-on by drape simiubem and collision detection for
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fabric, clothing dynamic deformation. M. Suhua [La#alysed and summarised the
characteristics and advantages of virtual fashesigth. As a case study of a dress,
we realised virtual fashion design by using CLOSRftware.

In recent years, 3D clothing virtual technology lino 2000; E. Turquin
2007; O. Sabina 2015 etc.) [193, 195, 160], andfiging room technology (D.
Protopsaltou 2002; W. Zi 2006; W. Xiao 2014 et&49, 197, 202], are hot issues in
academia and business and research.

As a new concept, virtual production is called tha&n mode of manufacturing
in the 21st century. This is an important symboldgfital design and production
technology [232]. In production, the cost of thesida phase is 5% of the total cost,
but it determines 70% of the product price. Thguiees manufacturers to rethink the
importance of work at the design stage. Virtualigiess one of the most important
technologies in the digital age. This is a new mdthased on computer-aided design
and developed using the technology of "virtual itgalis especially attractive for
linen, because its modeling eliminates the needttact physical objects (real figures
and clothes).

The purpose and directions of the dissertation resech

1. Based on the analysis of published research regultas established that the
initial knowledge base for designing men's underwisainsufficient. There are
practically no comprehensive studies in which timalfdesign object underwear
with a set of certain functions would be considered from several points of view,
namely, the morphological features of the lowet pathe body and their corrections
by applying allowable mechanical loads, compresspegsformance of knitted
materials, and rational division of underwear. €notly, theoretical studies of men's
underwear are rare.

2. Analysis of the known design techniques showed tiha@ number of

dimensional features used in them is extremely Istoalescribe the morphological
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features of male bodies, and the dependenciesarsederived from the experience
of developers and are not statistically supporfdtt existing methods are designed
to obtain textile shells to cover the lower paristtee bodies and do not contain
recommendations for its adjustment. Thereforesinecessary to develop a new
technique, which, as a goal-setting function, woirdolve changing the shape
plasticity and providing comfort.

3. The existing books in the method of pattern blockkimg are mostly
accumulated through experience. Moreover, Chinestgutions have not yet set up
some course about underwear or tight-fitting clsteuctural design. The primary
theoretical research is weak, the underwear ingustsign through the ways of self-
exploration and experience is contrary to the undar industry to develop the
situation in a recent year.

4. The existing classification of male bodies is tadald applies to the whole
body. With this approach, it is difficult to idefytithose characteristics that have
helped manufacturers of underwear to choose tlyettggroups of consumers. The
transfer of the classification of the total size tbe bodies on the marking of
underwear is clearly unwise and illogical. Therefothe development of a new
universal classification of male bodies is an int@otr scientific problem for the
creation of science-based principles for designingerwear.

5. Modeling and verification of underwear is facedhwéthical problems, for
this reason very little scientific data. Modern tval technologies allow the
simulation of many processes, including the adjestnof bodies, the deformation of
soft tissues, unprecedented selection of underwidearefore, the development of
technology development of digital counterparts becand underwear is the current
direction.

In the market, the status of men’s underwear assluglly strong, and the
problems and disadvantages are revealed. The studgn’s underwear, unlike other

clothing, has a mature scientific achievement,aig&m mainly in the empirical design,
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without a reasonable scientific experiment. So, thnafsthe products will not be
unwell for wearing comfort. Which led to developrmeresistance about the

classification of men’s underwear type in the cotrraarket.
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Chapter 2. ARTISTIC AND CONSTRUCTIVE DATABASE AND
CONSUMER PREFERENCES OF MEN'S UNDERWEAR

2.1. Artistic and constructive database for men's mderwear design

At the beginning of our study, we have collectedenthan 1000 items of men’s
underwear images and products. Such as 2xist, yo€kéN2, Andrew Christian,
diétz, Unico, Calvin Klein, Hugo Boss, Emporio AmmaMiiow, JianJiang, I'd,
Septwolves, NanJirergtc In the collections, some manufacturers have duiced
the “push-up” effect (or other correct functiong)their product. There are about 1/3
based on the characteristics of underwear fabmgake “push-up” effect on the male
body; another 2/3 underwear proved this effect ¢hasethe new style and the new
structure design.

The market demands, the constant expansion ofsgwtanent and the increased
demands of consumers for comfort, which must beteelaformed by the following
trends that have appeared recently.

1) Changes in the design of men's trousers. Sogmfiy changed the parameters
of the properties of materials, which became mugititér and more plastic due to the
appearance of stretch materials. Reducing the wwlommodern men's trousers,
increasing the degree of their anthropomorphic Blstame a factor that influenced
the new methods search of compulsory shaping dbther part of the torso with the
help of underwear.

2) Changes in the requirements for artistic desid first of the designers who
turned their attention to the aesthetic functionthe# linen was Calvin Klein, who
printed his logo on the belt. This decision affectbe position of the trouser belt,
which fell below the waistline and made the undemvbelt visible (Alexander
McQueen became the author of such trousers). Sypepalarity is gained by special

decoration techniques among the consumers of drftegroups (children, boys, men):
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the use of materials with thematic drawings, deogganserts that emphasize the
different parts of the body.

3) The strong influence of sportswear, which isregped in the use of internal
curvilinear dynamic lines and methods of their atgation. The fascination with
fitness, the cult of a healthy body also influentbd change in the structure of
underwear, such as the more dynamic shaping afdh®urs and lines of division.

4) Change of underwear functions include not ohk maintenance of external
genitals but also the special space that they mastipy, in combination with
increased comfort. The push-up effect (previousinglated - forward and upward),
previously appeared in women's corsets, brassi@gtg, jeans, became popular in
men's underwear to visualigcrease the volume of the lower torso in front badk.
From the front, the push-up effect is achieveduglothe special design of the front
part (the so-called anatomical cut), which providegatural lifting. The design of the
front part can be designed in two versions: witha@ded inner soft insert in the form
of a bowl (similar to female bras) or without it.

5) The emergence of new innovative knitted materia¢ well as the technology
of obtaining seamless products increased comfatttia@ ability to adjust the shape
of the figure at low loads. The stretchability otk materials reaches 20 ... 80% with
an average extensibility of 25%. In some modelslanindry, several types of

materials are combined in differentiated areas.

2.2. Underwear structure design

Daily underwear. That is the basic style and stmagtit is divided into — front
insert piece (front pouch, left or right piecesdthger or one piece, in common, has
double layers). Front piece (in front thigh pam, lmoth side of front insert piece); a

back piece (with centre seamline or not); has s&km on both sides. This kind of
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underwear has simple structural features, relatifrele size (commonly the general
size of the average type of the body), and hagya lautput.

However, this underwear price is low and is easypuy in the market with
many styles, which is suitable for low-end conswsneo it does not require comfort
and other functions, only focus on its material. gkown in Figure 2.1, we have
listed the daily basic structural boxers and briefs

(2) Compression tight-fitting (correction effecthderwear. Its front insert part
uses the structure type of basic underwear, ordigden the width of the front insert
part. However, the side or back part design thactire lines to enhance the visual
effect and increase the variety of fabrics and wglthus the beauty and the fitness
has been enhanced.

As shown in Figure 2.2a, b, c they are contempofaspion types of tight-
fitting underwear. The “egg” pouch of front inseen make male genitals lifted and
separated from the thighs, with the correct, aéisfesport and health functional.
Figure 2.2c, d, e show that the unique design esl g correct the tight parts of the

underwear, and to reduce the bottom deformation.

d e f

Figure 2.1- Typical daily underwear: -a Front insert piece, an inseam jointed by front back
pieces. Disadvantage: single style, unfit, the seantrotch part (inseam, then sew seams of crotch
and lower hip, front insert seams) easy to breakpins of thigh easy deformation;-lBasic type
based on a, has a separate crotch pieckpnt insert without complete centre seamline drdg a

single-pointed dart (concave dart) below; Bront insert without centre seam, the structural

stability, bottoms are not easy to deformation;feont has opening at the side, one crotch piece

and back middle seamline;-fthe front part is composed of left and right pgeagithout separate
crotch piece; front insert without center seamline.
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c d e
Figure 2.2- Compression pressure and correction effects uredernva Structure line through the
side to hip and crotch, this seam closely to higslawer hips, with the function of lifting; b
Opening at front insert side, a separate crotchecseam sewing with the back piece below hip
level, back with a centre seam. Thigh bottom witis&c tape, to make bottom closely to thigh; ¢
Divide back part into upper and lower pieces, arsieee around the hip level to front thigh middle
joint with separate crotch piece front;-curve line divides the front thigh piece from sdam
part into both sides. Front narrow pieces prove@ldit; e— “T” type front insert and separate
sidepiece on both sides.

In China, the most inseams are located in the ensiatldle of two thighs, below
the crotch. However, in general, in crotch pamissially designed a separate crotch
piece, and the seamlines/edges of the crotch @exen back lower hip and front
thigh. Underwear is divided into 4 parts: crotcbqga, front insert (pouch) piece, front
thigh and back hip pieces. This design of a sepamattch piece is the same as the
women’s underwear crotch; the purpose is to fit hoely, reduce the unnecessary
structural lines in a dense area.

Figure 2.3 shows the location of the common stmectines in the functional
underwear abroad. It can be divided into — frosem, including the left and right
part, and the value of the variable represent itkhylength and height; the inner
seam can be located anywhere of thigh inner surfsiter style analysis, it provides
an ergonomic optimal matching position preferabiy the anterior surface of the
thigh. Underwear back piece can be divided inteeghgroups of structural lines: a
group crossed the lower part of the belt and linkedhe front groin area that
connected the front and rear; the second groupWashaped structure line designs is

around the waist and hip; the third group with @ineh crotch low design hold up the
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buttocks.

The front (Figure 2.3a) insert consist of two syrnmal parts, has a nearly
constant position at the bottom, and variable gtiestare its width, the radii and the
configuration. The bottom of insert location defintbe maximum possible “push-up”.
Inseam can be located anywhere along the inndriglig, but mostly on the anterior
(Figure 2.3b), which provides better ergonomic chamge in the characteristics of
physical activity. The most variable structure $resign is on the back (Figure 2.3c).
They can be divided into two groups, the first gras inserted into the lower
buttocks at back part to achieve the “push-up”affand the second group is across
hips to divide back part into upper and lower paatsd then extend to the side of
front insert to make high hip closely and lower kp. The position of the bottom
(Figure 2.3d) depends on its type and can reachrgtehird of the thigh [273].

Figure 2.3- Variants of constructive solutions and location of
the lines of internal division:-afront, b— inseam, ¢ back, d
— position of the bottom

2.3. Customer preferences investigation

Nowadays, very few works deal with the analysis@n’s underwear feeling
feedback. For all these reasons, it has appearedle@sant to carry out an inquiry
dedicated to male consumption habits, needs ancectadpons regarding their
underwear at national and international levels .[$¥dwever, few studies about the

purchases behaviour of male consumers are pubjisimedvery few works of them
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deal with the analysis of their feeling feedbackdp

The content of the questionnaire has been desigased on the evaluation of
functional requirements and the evaluation of cotnfén the process of this
investigation, several ways like a literature syrweterviews, network questionnaire,
and the physical questionnaire are utilized. Basegbrevious literature and market
researchers, this study is about necessary comsafoemation (age, size, own types
and quantities, prefer brands), purchase habitsljase frequency, main preferences
— type, material, color, function, and others) anglving expectation (main focus,
wearing frequency, wearing comfort, and others).

The questionnaire investigates the male populatofour countries, mainly
youth-oriented (college student) from Russia, Chia@nce and Bangladesh. 783
males from 18 to 57 years old have been surveyeth {2016 to 2017. The
investigated panel was composed of 674 Chinesesrédch, 30 Russians, and 5
Bangladeshis. The initial questionnaire has beegorored thanks to a pre-survey.
Therefore some professional information has beelecdo the final survey. In this
study is planned and conducted to determine whethaot the difference exists in
the purchase and wearing preferences of male balravin four countries. It has
been concluded that the differences are signifimbng the respondents in 4
countries [274]. 204 questionnaires were surveygdank evaluation of 5 levels
among the 674 Chinese respondents, such as: “ly (Msftike), 2 (Dislike), 3
(General), 4 (Like), 5 (Very like).

We have selected 12 variables, psychological (peafes) variables,
behavioural (purchase) variables and physiolodteslings) variables as the main
three categories, as follows:

- Psychological (preferences) variables — preferemtasderwear typeX),

preferences of functional (structural line) desigf), preferences of style
(waist height) designXg), preferences of the tightnes§))
- Behavioural (purchase) variables — purchase undertype Kg), purchase
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size Ks), purchase focusxg), purchase frequenc¥q), purchase brandy) ;

- Physiological (feeling) variables — feeling (uncoméble) of wearingX.o),

dressing (way) habi¥,), dressing (functional) demanx;f).

The information above manifest that the KMO (Kaibtyer-Olkin) statistic is
0.89 > 0.7 (Appendix |, Table I.1) and the factoalgsis is very active. Bartlett’s test
shows that the applicability of factor analysis t@obtaineddig. = 0.0Q.

Through the “total variance explained” analyzedSBSS, the eigenvalues, the
variance rate and the cumulative contribution rate obtained according to the
calculation of the correlation coefficient matrbeom the variance contribution rate
(Appendix I, Table 1.1), the first seven factorscaach 83.24%, the rate of variance
of the first three components are 42.29, 10.9984d%. Therefore we choose these
seven factors to describe the consumption patttmate consumers well. We use
the method of principal component factors to catailthe variables of the seven
factors’ load and carried out the maximum varianadogonal rotation. It can be
seen from the factor loading matrix (Appendix Ipleal.2),

- First component factors have a more significand loa the variables ofs, X;

andX,, which we will name the “underwear type/style tatt

- Second component factors have a larger load onahables ofX;, andX,,

we named them “underwear function factor”; Thirdifghase( frequency and
brand) factor” are variableXs and Xo; Fourth “underwear wearing (waist
position) factor” are variables of;; andXs; Fifth “underwear size factor” is
variable ofXgs; Sixth “underwear focused factor” is variable Xf Seventh
“‘underwear (uncomfortable) feeling factor” is thernable ofXy,.

Thus, we can know that the consumer’s consumptatiems are composed of 7
mainly factors. as the order is underwear typedsiyteferences (and purchase),
functional demand (and preferences), purchaseu@mecy and brand), wearing (waist

position), size, focus point, (uncomfortable) fagliThen, we follow this sequence to
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the next discussion by order of their psychologiqalysiological and purchase

behavioural preferences.
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2.3.1. General results of consumer survey

In totally, the range of the underwear size carsd®En in Figure 2.4 and 2.5. As
it could be observed, most underwear sizes areecrated in the L, XL and M,and

the more popular underwear sizes are L and XL.

Figure 2.4- Histogram of age distribution, * Figure 2.5- Distribution of underwear sizes, * 1 —
1 — Teenager, 2 — 20...25,3-26...35,4— S,2-M, 3-1L, 4 XL, 5 - XXL, there have six
36...55, 5 ->55 respondents unclear

1. Psychological preferencesAbout the variables of preferences,.(.Xs), the
first component factors are underwear tydg @nd tightnessXy), and the functional
(structural line) designXg) is a second component factor, a factor of stwaigt
height) designXz) is a fourth component factor.

Preferences of underwear typ&ccording to the first component factor of
underwear type/style preferences (and purchas&racThe more popular type in
four countries is the boxer-briefs (26%), followkd — boxer-shorts (17%), boxers
(16%), briefs (15%), thongs (9%), jockstraps (5%4g aikinis (3%). It can be noticed
that 3% of males do not wear any underwear (3%).

Preferences of underwear tightness. Concerningitsiecomponent factor of
own products and tightness of the underwear dudiffigrent age groups, the survey
results show the following ranking (Appendix I, Talb.3): the higher score belongs

to the tight-fitting underwear and then to venhtiftting, regular, and loose-fitting.
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To analyze the findings of the respondents’ aggeathe age range has been divided
into four intervals, the preferences of tightneassklected groups are average:

- Aged less than 25 and 25 to 35 prefer the tightvfjtboxer-briefs similarly;

- Aged 35 to 55 prefer the regular boxer-shorts;

- Aged more than 55 prefers the loose-fitting brratsstly.

Due to change in body shape under ageing, the mhaand preferences of
underwear functional features and type selecti@o alhanged. The elders pay
attention to comfort, convenience and durable (Gi2@13) [61]. The preferable
type for the elders is loose-fitting or regularebsi

Preferences of underwear functional (structurad)lidesign. As for the second
component factor of underwear functional prefererk@ the structural design of
current underwear, the respondents prefer the ppdieeling in the back (hips) and
the front (genitals) respectively 52.2% and 54.1Ptsh-up” is the correction effect
on soft tissues. Thirdly, there are no clear stmgctine preferences which can be
noticed that more than 36% of the respondents ke classical “few seam”
structure, 24.7% of the respondents do not knowchvitiesign is better, and the
limited numbers of respondents like underwear \witiny structural seams (13.3%).
We can identify the respondents who are definingrtpreferences between the
seamless underwear and the underwear with few s@&n®o). Seamless underwear

belongs to most consumption in Europe (Cétal, 2016) [116].

Figure 2.6- The distribution of structural design Figure 2.7~ The distribution of focus factors
preferences
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Preferences of underwear waistband positibne waistband position is the
fourth factor, but most of the respondents (53.4%Yer the waistband below 5...7
cm than the natural waist as the more famous urelerstyle, then, prefer the
waistband below 8...12 cm; and the position belogyd(only 17.1%), is mainly for
the primary type of underwear, mostly for the semen with the simple structure of
underwear. Moreover, just 4.8% of people accepimhistband lower 13 cm such as
tongs and jockstraps.

2. Purchase behaviourAs for all variablesXs...Xo) of purchase behaviour, the
first component factor is purchase underwear ty@gg and the third is frequency
(Xg) and brandXy), the fifth and sixth are purchase sixg)( focus point X;).

Purchase underwear typ€oncerning the number of pieces people purchased
themselves), the rank are the boxer-briefs (22%gf9(21%), boxers (19%), boxer-
shorts (13%), swimwear (10%), thong (6%), jocksti(&do) and bikinis (4%).
Regarding some pieces, most of the panel memberfoym 8 to 12 pieces; the
smaller number own four pieces.

The situation in purchasing and brand preferen€agerall, 56.3% of the
respondents had some questions before and aftehgsing underwear, but more
than 85% of the respondents have no questionsgrabbefore purchase and more
than 75% who do not ask for help. Most respondeotgght new underwear in half a
year (29%) or irregular (38%). There is no reldinfexed purchase cycle or purchase
plan, usually, encounter the right will lead to ¢ghase behaviour, and the higher
purchase frequency (monthly purchase) of consuarerg the minority.

30.6% of respondents did not identify their undemvesize, 25.6% of
respondents did not identify the out looking aftexaring underwear, and 24.7% of
respondents did not identify which underwear deggnore suitable for them. Other
reasons affected the purchase behaviour of 19.1%eofespondents are the price,

brand, function and others.
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In daily life, people did not consciously changeitipersonal preferences and
wearing ways. As for the individual underwear cdilen, more than 70 % of the
respondents have changed their behaviours duesterpnces of the purchase. Most
people changed own taste (36.6 %) which affecpthrehase behaviour of underwear
style/type, the following reason is their own plogdichanges reasons, for example,
body shape became better (22.5%), or became wad®k8%), income changed
(25.9%).

Figure 2.8 shows the distribution of brands (thgomiy of Chinese brands we
separated display on the right) which the respotsdasually choose to buy. The
international brands such as Zara, C&A, Uniglo, #reothers have large amounts of
global shops with a high acceptance price for mstgte productions. So, its
acceptance is near to the more well-known inteonatibrands like Calvin Klein and
Hugo Boss. As for Chinese brands, the differencesvden each respondents’
preference are influenced by high acceptable brandsv style, update speed
rapidity, structural design, and the charactesstit fabrics. About the commonality
of low accepted brands, in addition to price fagtahe simple structure, single
material without good features (Zhaepal., 2011) [69].

Figure 2.8- Distribution of underwear brands preferences
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Underwear sizeThe range of the underwear size can be seen ireabl It is
noticed that the six respondents ignore the sizbef underwear. It means that they
are not the buyers, the question still open. Aslcdcdie observed, most of the
underwear sizes are concentrated in the M, L, Xhgea The more popular
underwear sizes are L and XL; and we can find whtkit age growing, the fit/prefer
size becoming larger; males less than 35 fits/pi&faller sizes M and L; more than

55, s need larger size XXL.

Table 2.1- Distribution of age groups and fit sizes

Age groups | . _Ag‘? Distribution of underwear sizes, %
distribution, %| S M L XL | XXL |Unclear
<25 41.6 12.1 25.0 23.8 22.1 15.0 2.1
25...35 28.3 11.1 23.1 24.9 22.2 15.1 3.6
35...55 24.2 143 | 199 | 224 | 245 | 17.1 1.9
>55 5.9 11.8 17.7 23.5 17.7| 23.5 5.9

Personal focus factor. The type, color, and stratiesign are the most critical
indicators to buy underwear. For the type, we haeationed above. For the colors,
the respondents prefer black (15.0%), grey (13.304d, dark blue (12.6%); the other
colors (12.0%) preference is less than 10%. Bec#useespondents in the four
countries had a major impact on different emotiooategories, there was a
significant difference in the color preference tmderwear. For the material, the half
of respondents prefer raw cotton (30.2%) and cottdh synthetic fibers (19.8%).
Now, the men’s underwear material with Lycra (prefate is 18.8%) is the most
common underwear material in the Asian market, @%oof Lycra is added to cotton
fiber or regenerated cellulose fiber, and it does change the appearance of the
material, but can significantly improve its perf@nce.

3. Physiological (feeling of wearing) of underwearAs for the variables of

physiological feeling Xi0...X12), underwear wearing (functional) demarkXi,j and
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wearing (way) habitX;;) are the second and fourth factors, and the (ufartable)
feeling of wearingXyo) is a seventh component factor.

Underwear functionality demand. The survey of aoedccomponent factor. It
was apparent that the people have a higher regemer(84.2%) for comfort.
Secondly, the preferences related to the functialesign in front (genitals) were
suitable for the one fifth, followed by the functad design in both parts (14.7%).

Black,
15

.0

. Grey
12.0 \ 13.3

Dark blue
12.6

Printed#
9.4

Color
blocking

4.6
93 White

7.9
Color prefer proportion,%

Figure 2.9- Distribution of color preferences

Underwear wearing waylhe fourth component factor. When the respondents
choose the underwear for daily, they should comdiie type of pants (trousers), for
example, tight-fitting underwear with slim jeans loose-fitting underwear with
baggy pants, 44.4% of the respondents think almufuture combination whenever
they try to adapt the shapes of pants and underwéa one-third of respondents
never consider the styles of the underwear andoémgs; they do not change the
underwear style when replacing different pants. gbarter of respondents do not
necessarily consider the combination of both stylesderwear, and pants, but they
care about this visual effect or comfort feelings.

As for the habit of wearing underwear with pantdymne-third of respondents
prefer to expose the waistband of underwear. Mb#terespondents (68.0%) prefer
to make underwear waistband below the belt of pants

According to the underwear wearing time, more thal of respondents wear
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the underwear all day (55.6%) or during the dayeti{®4.2%), only a small part of
respondents (8.8%) preferring to sleep in nude.

Positions of uncomfortable feelings. From the itigegion of the seventh
component factor of underwear discomfort. The niafluencing factors come from
a lack of structural design, which leads to strradtdefects of the critical parts and
the actual feeling of wearing decline. So, it isessary to optimize this part. The half
of respondents felt that the discomfort feeling esrfrom the front (28.5%) and the
crotch (21.8%) area. 17.3% and 10.3% of respondelitghat it caused by material
and waistband, and 22.1% of the respondents exglaithat the discomfort
conditions are arising after the next feeling. Umdsar size does not meet their own
size (too tight or loose), unreasonable structesagh, and so on.

At the level of probability 99.9% (0.001), signiiat at the 0.01 level (two-
tailed), n > 700, we can see the correlation coeffit between underwear tightness
and discomfort parts/reason in Table 2.2 by SPSS.

Table 2.2- Bivariate analysis (Pearson’s correlatron

Very tight- | Tight- Loose- | Very Loose-

fiting | fiting | fitting fitting
: r 0.28 0.05 0.27 0.11 0.06

From material —
sig/  0.00 0.51 0.00 0.13 0.02
r 0.02 0.18 0.23 0.11 0.03

In front area |-
sig/ 0.79 0.01 0.00 0.12 0.66
in crotch area r 0.11 0.01 0.21 0.09 0.12
sig/ 0.11 0.92 0.00 0.23 0.09
: r 0.25 0.11 0.16 0.04 0.21

In waistband
sig/ 0.00 0.12 0.02 0.57 0.01

According to the respondents’ feedback, the undangéucture design is not
according to ergonomics, and the lack of matemafqggmance will bring discomfort
in the crotch and the front. We can find that mostomfortable feeling caused from

the general fit type of underwear with higher ctatien coefficients and significant
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at 0.001 level; but for very tight-fitting and velgose-fitting types of underwear, the
uncomfortable feeling exists in the waistband. Bog uncomfortable feeling of

tightly supporting in the front area, we find the#spondents can have good
acceptability of underwear tightness from low tghhi- general to very tight-fitting,

and they feel not good (not closely, wrinkle, stamal design defecetc) in the

crotch area of the general type.

2.3.2. Result of f national preferences

The investigated group was composed of 674 Chings&rench, 30 Russians,
and 5 Bangladeshis. , 204 questionnaires of 674dSki respondents were surveyed
by rank evaluation of 5 levels, such as 1 (Veryilkb$, 2 (Dislike), 3 (General), 4
(Like), 5 (Very like). All Chinese questionnairesihs were analyzed “reliability
statistics” by SPSS, valid cases n = 204, Cronisaglpha is0.94.

1. Psychological preferences?references of underwear type. The quarter of the
Chinese, 70% of the Russians and half of the Bdegla respondents prefer boxer-
briefs; but nearly eighty percent of the Frenclpoeslents prefer boxers (with some
structural line design).

Thus, we took two types of boxer-briefs and boxXesrts to “crosstabs
statistic” with different age groups by SPSS (Apgigr, Table 1.4 and 1.5). We can
see in total, a half percent of each age group likrer-briefs, forty percent of
respondents like boxer-shorts and one-third hatddgianeral attitude. The proportion
during ages 20...55 are more steady, except pirggelnoxer-shorts at ages 36...55,
then preference to boxer-briefs on the upward traadthey grow older. Some
teenagers dislike boxer-shorts, but most resposd#hore than 55 prefer this type.
Most respondents from 4 countries have briefs, bbrefs and boxers, most

Russians and French respondents also prefer boeds-land boxers. So, even the
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briefs have higher ownership and lower preferemedsur countries; we can assume
that the type of briefs is not accessible nowadays.

Preferences of underwear tightness. The most rdspts prefer the tight-fitting
underwear in regular style. The one-third of then€bke respondents prefer the very
tight-fitting style, and the proportion below 35aye old is 80%. More than one-third
Chinese, Russian and Bangladeshi respondents prederwear with few structural
seams. However, near 70% of the French and more dha-third of the Russian
respondents do not know which kinds of structurakigh they are preferred
(Appendix I, Table 1.6).

Seamless underwear market is not significant inn&€renough, just became
popular in recent years in Chinese coastal citiestd the high prices. The Chinese

consumers may have a particular interest and tbyyoand to wear.

80 1

B Chinese
56.760'0 French

® Russian

43.3

m Bangladesh
40 A

Proportion, %

Very close-fitting  Close-fitting Regular Loosely

Underwear tightness

Figure 2.10- Distribution of underwear brands preferences

Preferences of underwear functional (structurat)lidesign.The respondents’
acceptability of push-up feeling that is generdigdexisting underwear in front and
back parts. As we can see, only more than 60% Ghaingave the highest
acceptability (or suitable experience). Neverthelasther respondents only have
lower acceptability (average less than 25%) tgoilgh-up effects in front and back.
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Preferences of underwear waistband positibme most of Chinese (51.3%),
French (63.5%), Russian (60.0%) and Bangladeshi3¥b)l respondents prefer
underwear waistband below 5...7 cm.

2. Purchase behaviourPurchase underwear type. The Chinese (62%) and the
Russian respondents (83%) have 5 to 12 underw@®;d French respondents have
more than 8, and 40% of the Bangladeshi respontie@nts more than 13. As for the
number of underwear ownership, the first place tgdao the boxer-briefs,
moreover, the second place is the briefs becaeserth-fifth of respondents have
briefs. The main reasons why the consumers preésettwo kinds of underwear are
the low price and the simplicity of the purchasing.

For the Chinese respondents’ preferences “desaitiatistics” by SPSS, We
can find that boxer-briefs type has the highestraye value, it has most of the
respondents more like and has many numbers, aridreapondent has the lowest
difference of choose. Moreover, type of boxer-shag secondly. Moreover, for “do
not wear underwear”, Chinese respondents haveeaticdl preference — dislike.

The situation in purchasing and brand preferenCasmese respondents (70%),
and more than 80% of the others do not have prablesfore purchasing, and more
than 70% of respondents do not ask for help or estgmn opinion. The highest
proportion of Chinese, Russians and French respwsdmught the underwear in
irregularly and per half year; fewer French resmms bought the underwear in per
month; more respondents concentrated on the hatfare irregularly.

One-third of the Chinese and the Russian, and terteyr of the French
respondents have an uncertain situation withirr tinederwear size. Chinese (28.7%)
and the quarter of the Bangladeshi respondentsotdd&mow which design is more
comfortable/suitable for themselves. The Russiahl1®) and Chinese (28.3%)
respondents do not know the appearance after vgeanmderwear; the French
(73.1%) and Bangladeshi (60%) have other problems.
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The highest proportions of Chinese, Russians anuglBdeshis respondents
have changed their preferences due to their owe tdmnged, but for near 70% of
French respondents, the reason is their income.limbein Figure 2.11 shows the
average time between two purchasing of underwehe HRighest proportion of
respondents has bought the underwear irregulaeier respondents bought the
underwear in per month; more respondents concedtran the half year and
irregularly.

The purpose of this part is to determine that wérethe Chinese respondents
have differences in their attitudes toward buyingmdstic or foreign brands of
underwear that can be produced domestically oraabim total, only the one-third of
Chinese respondents have chosen abroad brands,aandmber of Chinese

respondents prefer brands, such as C&A, Unigloa 2d&M etc

Figure 2.11- The preferences of purchase  Figure 2.12- The preferences of preferences
frequencies change reasons

The number of big and small brands that are opegratéhe Chinese market of
underwear is more than 3000. The number of reakldping brands (corporation)
does not exceed 400 (Chang, 2017), but the consunedl know about 30 brands or
less of men’s underwear brand. The Chinese resptsgeefer Calvin Klein and

Hugo Boss because of its brave and cool designaffbedable price and extensive
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promotion in China. CK and Boss also have manyestar many Chinese cities and
online malls like the biggest online mall of Alikb “Taobao” and “T-mall”.
According to market research and survey, the gloibdlerwear online market will
grow by 17% from 2016 to 2020 [213]. Furthermor& &d Boss waistband design
can be accepted by most young men, most youth llggeomale students [152].
Many Chinese consumers prefer to use a product avibhand name that has some
symbolic identifications [153]. In general, Chinesensumers are unaccustomed or
incapable of spending substantial amounts of moaorythe underwear item
regardless of brand name. Though the influencasiffashion brands such as C&A,
Zara, H&M are weaker to the first-line brand, &sge quantities of products, as well
as faster update product, high speed, and low,mreeattracting the vast majority of
consumers.

Underwear size. The half of Chinese consumers egeven sizes L and XL,
but some sizing systems of men’s underwear bram@hina consider L type as the
smallest one. So, the values from L to XL approxehafit the bodies with the
weight 50...75 kg or the waist girth with 65...88.cAs shown in Table 2.3 below, we
only calculated underwear sizes with a good 3®)(for different age groups, the
evaluation number are “1 (Very misfit), 2 (Misfi, (General), 4 (Fit), and 5 (Very
fit). Aged less than 25 fit the sizes from XL, MltpAged 25 to 35 fit the sizes from
XL, M to L; Aged 35 to 55 fit the sizes from XL, to XXL; Aged more than 55 fit
the sizes from XL to XXL.

Table 2.3 - Evaluation of size fithess averageescor

Age groups S M L XL XXL
<25 3.52 3.60 3.60 3.68 3.56
25...35 3.48 3.69 3.66 4.04 3.65
35...55 3.61 3.68 3.76 3.83 3.71
>55 2.00 4.00 4.00 4.67 4.25
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Std. Dev., * 0.68 0.76 0.69 0.67 0.67

All Chinese respondents with the excellent fitimes XL (mean score is 4.06),
but with the age growing, the secondary fit sizeange from M, L to XXL, only a
little misfit reflected in a lower level of score$p improve the size chart,
classification of male lower part and underweamudtire design is necessary.
Besides, nearly 80% of French and half Russianoresgnts converge on M and L
that approximately fit the bodies with the weight.5/0 kg and the waist girth 70...82
cm. Only one-tenth of Russian respondents do nowkhich size is fitter. 80% of
Bangladeshi respondents converge on the XL.

Personal focus factoMost Chinese, French and Russian respondents fibcuse
on the type of underwear. The Chinese respondeeatsgerested in 4 factors (type
24.4%, construction 21.7%, color 21.0% and waisii2t9%). The French (63.5%)
and Russian (34.9%) respondents gave attentidmetoype and a smaller number of
other factors. Because the number of Bangladesporelents was limited, the half
proportion data are more concentrated on “all efeésieThe first and second places
belong to raw materials (100 % cotton and cottorsynthetic fibers) of all
respondents. Near the one-third of the French lamdhalf of the Russian respondents
have no particular preferences about the mate@al€l% of the Chinese and 28.6%
of the Bangladeshi also prefer the materials witbra.

The average line showed that all respondents ptikeé&black color, dark blue
secondly, and then printed color. The French custenprefer color blocking
secondly, and only 1% of respondents prefer grégrcdhe least Chinese (4.4%)
and Russian (2.69%) respondents were interestgeéan color. The one-tenth of the
Bangladeshi respondents prefer green colour amsbtprefer red, white and colors.

3. Physiological (feeling of wearing) of underweatJnderwear functionality
demandAs we can see in Table 2.4, most respondents fdauséhe underwear

comfort and the function.
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Table 2.4- The proportions of uncertain situation in purchgsinderwear, %

Main attention Chinese French Russian  Bangladeshi
Comfortable 25.1 77.0 60.0 100.0
Attractive appearance 12.1 8.1 13.3 0.0
Correction effect in front 23.4 0.0 3.3 0.0
Correction effect in back 14.9 0.0 3.3 0.0
Correction effects in both 17.0 1.4 13.3 0.0
Unconsidered 7.4 13.5 6.7 0.0
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Near the quarter of the Chinese respondents aeested in the correction effect
in the front part (genitalia). Near the one-tenfhtlee French and the Russians
focused on own appearance in underwear. They #bsthahe type of underwear and
other elements, such as color, construction, anstand design to help improve the
appearance.

The correction effects are chosen by the Chinesporelents who prefer
underwear with “Many seams”. Through our analy$igasiance and post-hoc test of
Scheffe’s method, we can see that the three depewuderables of thé& values of the
overall test are 6.81, 3.14 and 4.97,%4.< 0.05, both of them reached a significant
level in Table 2.5. Therefore, the differences texistween correction effects in
“front”, “back” and “both” about the respondentgeference of “Many seams”, and
the differences among the matching groups reactggdfisantly. According to the
mean difference (I-J); we can see that

- For prefer correction effect in front, responderitery like” (“Like”)
underwear with many seams more than “Dislike” atrieral”, no major
fluctuations, means they prefer underwear with neaggm and correct front;

- Correction effect in back, they “Very like” underaredesigned many seam
lines to correct hips more than “Dislike”;

- Correction effect in both, mean difference (I-J1i88, means they “Very like”
underwear designed many seam lines to correct &odthips, and there are
significant differences with “Dislike”.

Therefore, in total, the respondents like underwwdah “many seams” and

prefer correction effects in front and back sintylar

Underwear wearing way. Bangladeshis (60%) preferwear the pants
(waistband lower than the underwear waistbandxpmee the underwear waistband.
Majority of the other respondents wear the undeniedow the pants waistband to
cover the underwear (Chinese 70.0%, French 63.59Rarssian 53.3%). 53.2% of
the Chinese consider the matching degree of underared pants each time, such as
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wearing tight jeans with tight underwear or smadesunderwear. 79.7% of the

French and 50% of the Russians never considerridlerwear and pants as in the

same style when they change different pants witteamear unchanged. 80% of the

Bangladeshis do not consider the underwear and gayie match.

Table 2.5 - The analysis of variance and post-gst t

Multiple Comparisons (Scheffe)
: Mean 95% Confidence
Dependent Variable
P (I Many | (J) Many Difference | Sig Interval
seams seams
(1-9) Low Up
c " foct | Dislike Very like -0.89 0.08 -1.72 | -0.07
orrection et ™ ke | General | 046 | 0.040.01 | 0.90
front (genitals) _
Very like General 0.86 0.00 0.28 1.44
Correction effectin . jie | Dislike 089 | 0.08 0.07 | 1.72
back (hips)
Correction effects in : .
both Very like Dislike 1.08 0.00 0.28 1.89

Chinese
u French
¥ Russian

B Bangladeshi

Figure 2.13- The preferences of underwear and pants match
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According to the survey, most of the respondentarwenderwear all day
French. 60% of Bangladeshi respondents preferetpshaked. Russian, Chinese and
French is more similar to the underwear wearinguescy.

70 1

m Chinese
French
= Russian

m Bangladest

35 A

Proportion, %

All day Only in day-time ~ Sometimes didn'Change for sleeping Never wear for
wearing in day-time sleeping

Underwearwearing frequency

Figure 2.14- Distribution of underwear wearing duration

Positions of uncomfortable feeling&ll consumers have a perception of
uncomfortable feeling that mainly caused by a $tmat problem in the front area
and the crotch area of underwear (27% Chinese%d&&nch, 23.7% Russian and
20% Bangladeshi); most of the Russian respondeds uncomfortable from the
material. However, more significant feedback préipas point that the unreasonable

underwear structural design and underwear sizecatlse many problems.
2.3.3. General preferences

The most important component factors of consuméaeur preferences are
underwear type and functional (structural line)igiesincluding type, tightness, and
structural line. The secondary factors are purcligesgiency, underwear brand and
feeling of wearing, including, comfort demand site and material, col@&tc

The boxer-briefs are the leader of preferred and pvoducts, the boxers, the
boxer-shorts and the boxer-briefs represent mae 89% of the total purchases. In

fact, the boxer-briefs are the most advanced produthe market due to its simple
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style and appropriate tightness, so it will be 1sseey to do specific research and
analysis on this product. The respondents’ favewtésign is the underwear with few
structural seams, the position of waistband belwsvrtature waist 5...7 cm, push-up
function, 100% cotton, and dark colors.

The quarter of respondents do not know which dessigyg prefer. The one-third
of respondents could not identify their underweae;sit indicates that contemporary
men’s underwear does not have a clear descripbontats structural characteristics,
function, and the consumers do not have particaveareness and experience. So,
new functional and structural underwear need tostuelied and discussed. The
materials and structural design cause the uncoatfierfeeling of most respondents.

The half respondents like underwear with the pysleftect.

Summary of chapter 2

As a result of the study, differences between coesa and problems arising
from the purchase and wearing of underwear wesbkshed.

1. Based on the conducted artistic and constructiatyars of men's underwear
on the market, the main types of underwear andr teuctural content were
determined. The positions and configuration ofrtian lines- belts, bottoms, design
of the front inserts, which became typological gsator the development of new
design of functional underwear.

2. Underwear sizes concentrated on M, L and XL with.883 cm waist girth and
the 50...75 kg weight. The respondents generallgenln8...12 pieces of underwear.
The purchase time of underwear is mostly untimedljtds usually half a year. It can
be seen that men’s underwear has a large potemdikiet.

3. Most consumers prefer boxer shorts and boxer typésa small number of
stitches and consider comfort as the main indicafbere is a high interest in

compression underwear. Chinese consumers prefgdease underwear with a large
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number of stitches and corrective effects. As asequence, it is necessary to study
the structural design of tight-fitting boxers arakbrs and to improve their comfort.

4. The most problematic area in the underwearastbnt part and the contact
area with the crotch. This suggests that the streadf underwear is not adapted to
the morphology of the human body. Thus, the stddi@ structural characteristics of
men's underwear and the ability of knitted material provide the necessary effects
Is essential to the satisfaction of consumers.

Thus, the design of underwear, which is the resifiltknowledge of the
morphology of the male body, the correctness ohthaufacture of drawings and the

assembly of materials, IS the most important point.
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Chapter 3. ANTHROPOMETRICAL DATABASE FOR UNDERWEAR
DESIGN

3.1. Features of male body morphology
3.1.1. The effect of the morphology of the lower pabody and the structure of

underwear

In the design of male pants often add a certainuamof ease, short-pants are
directly changed from pants. Therefore, it is covalgle that the underwear may
also be drafted by the pants prototype, and chdingedabric, reduce the ease,
adjust the crotch and add the structure of thetfpmuch, to make it completely
wrapped (closely) the body. Crotch part is an dssestructure parameter of the
male body, and also an important part of the undarmmovement area. Its
structural changes directly affect the aesthetiospfort and functionality of the
underwear (or pants) [58]. The front crotch widthdacrotch width of the
underwear structure, according to the fabric flékyh usually have negative ease.

a) The relationships between legs type (shape) andrwadr affect the width
of the crotch between the thighs in the femur: getyegs often make the crotch
gap narrow (width in positive perspective), butvpeivider. Thus the outer side of
thighs will have a tight feeling when wearing tigpital structure of the underwear
(pants); O-type legs often make large trochantedsthighs to both outward sides,
and crotch gap bigger (Figure 3.1a).

b) Figure 3.1b shows valu&™is the horizontal crotch width between the two
thighs, which can define the width of the underwesotch for design. If two
underwear have the same values &f ‘One male with the crotch width between
thighs is greater than the values af,‘the underwear crotch will be more smooth
(or loose) without fold. If on male crotch width lsss than the distanca™ the

underwear crotch part will have ma folds.
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c) As shown inFigure 31c, in the case of the same waist girth, the hip
thigh girths change to make the underwear outligles change: “A” style is fc
the normal ®andard body underwear. “B” style has the constaptgirth but
smaller thigh girth, we can see that narrowingwindth of the bottoms. “C” styl
reduced the hip, and thigh girths based on “B”, dbdine of underwear sides
near to vertical. “D” stye increased hip girth, the underwear widened. ‘fyles
increased value of the hip and thigh girths; thdemwear appearance was lik
trapezoidal.

C d
Figure 3.1- Influence between body and underwee- comparison of different legs type«
type, O-type, normdlype; b— comparison of crotch part; cproportion of girths; « bodies
with different abdomen bulge

d) As shown inFigure 31d. The bulge of lower abdomen affect the g
allocation in waist front and back, the lower ab@onbulge sometimes is defin
by the differece between overweight and underweight body sh&pesto a largs
proportion of soft body tissues in front of the staand abdomen, and the b
lower buttocksTherefore, the front abdomen parprimaryconsidered mostly fc
underwear waistband des. “Belt 1” in Figure 3.1 can be seen that the ratio

front waistband girths larger than back, and usually the position mioveer than
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the maximum girth of the bulge part, which confortnghe wearing preference.

“Belt 2" IS the basic style.
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3.1.2. Pelvis features

As shown in Figure 3.2, the difference of thickng¢geofile width) of the
waist and hip of the human body determines thesdifice of the crotch width
(profile width) between male and female. The diseabetween the ends of the
sacrum and the ischium of the female is larger thale, resulting in differences in
their hip shapes. The distribution of soft tissueshe buttocks is different, for a
female they are lower and more, then make buttbakend sagging, for male are
less and upper, so raise buttocks. Using the 3y Bodnner, 127 young females
was measured and got profile sections, the avahagjness of female hip level is
22.56 cm, and 115 young male average thicknes§pak24.87 cm. As can see,
the average hip thickness of male is more sigmfitiaan female. Also, the female’
tilt degree of the sacrum, the difference betwaprahd waist girth and the pelvis
is wider than the male, so the angle of the backecdine for women’s pattern
block is larger than the male [139, pp.62-63].

As for lower torso profile section in Figure 3.2he thickness of two peaks
between waist and hipa® are closely relate to crotch width of pants (uneear)
in pattern block (same as “FH” to “BH”, the profilerotch width), but the
thickness is not equal to the crotch width. Whemnfttiickness of&” is large, that
Is the large size of the body, the crotch width “BH” should be appropriately
increased; when the thickness fs small, is the small size of the body, it neéals
reduce the crotch width “FH-BH” properly. FHthe first point at the hip level,
BH — the back point close to sacrum or coccyx in tipeléwvel, not on buttocks. FH
to BH is the body crotch wide, FH', BH' are cor@sging FH, BH in the pattern
blocks. The values of “b” and “c” are directly rdd to the distance from FH to
BH (Figure 3.3).

As shown in Figure 3.3c, FH and FH' not overlapd®d,and BH' are near,
there is a certain amount between the distancéH6BHRH' with FH-BH. The front



85

crotch width (FHEr, Cr is crotch point) is “b” in Figure 3.3c. FH poinbanges
decide the “b”, also decides the crotch ache curearom FH toCr; this radian
affects the front crotch width “b” value. About tHe’, that is the BH point to

crotch pointCr horizontal distance.

a b
Figure 3.2- Comparison of male and female pelvis: faont pelvis; b- profile pelvis [139,
pp.202]

As shown in Figure 3.3d, according to the shapihefower torso and drawn
a fully fitted body structure pattern block. Sottkize front and back of the crotch
arc and the human body crotch arc line very closkft is FH-BH = FH'-BH', FH
and FH, BH and BH' overlapped.

From the above in Figure 3.3c, we can see thatBH{'en pattern larger than
FH-BH on the torso, and two Cr points (peaks) ottepa blocks in CrL front and
back are not overlapped. If overlapping the twopGints (peaks) like in Figure
3.3b. Then make the front and back HL are forcebetdorizontal with FH'-BH'
line like in Figure 3.3d, the distance of FH'-BHIlWwe shorted and as same as FH-
BH (the distance of “c” also shorted to be “c”'h, $0 design the pattern block, the
distance of FH'-BH' should be less than the adf&BH distance of the human
body when overlapping Cr points. That is, the droadcdth (b' + ¢') should be less
than the thickness of profile section of the wéasthe hip of the human body, to
maintain a stable (tight-fitting) fitness. In theaderwear design, it is necessary to
be kept in good fit condition.
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c d
Figure 3.3- Relation of body profile and pants crotct- the thickness of profile sections:-
profile section with pattern;— pattern with ease at BH;-dcomparison with pants patte

3.1.3.The features between waist anchigh

The waist is the thinnest part of the body, islibdy’s baseline in horizont
section, and is the body upper and lower partsidoor zone. The full name |
waist girth is natural waist girth, it is the snest girthof the waist part and tf
shape is similar to an ellipse. However, differstyles of clothing have differe
waist position(high or low), so it is necessarytake the actual design of the we
girth into account, such as low waist pants, waist underwear, high waist sk
and so on. In men’s pants design, the waistlingsigally lower than the natur
waistline,and the waistline value cannot be only based omalral waistlineWs
(waist girth) as a reference, should be based ast gath measurements closes
the waistband. For example, the line 4 cm belownatwaistline (near anteri
superior iliac spine) is usually called mWg (mid-waist girth), or below 8cr
called low-W; (low-waist girth)

Buttocks are the most changeable part of human bamyement, because

walking, squatting and other actions, make theolsl4t skin more stretciThe hip
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subcutaneous fat layer is thicker and more conatadrin the gluteal groove at the
bottom of the hip. Which led to the overweight l¢ thuman body shape with age,
fat deposition and body shape change, the hip shegmually drop. Which will
directly affect the fitness at hip part of pantshderwear). Therefore, the
underwear that corrects (lifts) the effect appe@ine abdomen is an important part
of the male body (abdomen muscle, meridian lind)e Bbdomen girth of the
normal standard body is usually between the wandtthe hip girth, that is, the
middle and low waist girth area. The abdomen issibi tissue structure without
skeletal support, so the negative ease dependeorldistic fabric properties are
usually used to meet the body fit.

As for leg and crotch part, legs girth directlyeafs the value of underwear
bottom. The crotch area is the bottom of the tolsween two thighs. In the
underwear design, the crotch should be tightwittiahbtic folds, and this area to a

large extent determines the comfort of underwear.

3.1.4. The push-up effect

Figure 3.4 shows the lifted effect of soft tissndhe front and back; we drew
two circles around the male genitalia, and meastirecdenter height of the circle
to represents its height.—a‘old” is original height, “new” is height afterfted. It
can be seen the amount of lifted space for maléajenis relatively large, and the
amount of soft tissue for hip promotion is relalyvmited.

The main effect of men’s underwear is correctideas$ (push-up effect), As
shown in Figure 3.4a, before (dotted line) andraftearing underwear, the male
genitalia and buttocks soft tissue height arediféecertain distance, and different
styles have different lift degree. This set of l12mples were measured in
Anthroscansoftware to measure the center of the base dubet@xtperimental

factors (nudity).
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a b

Figure 3.4- Pushup effects for body morphology correctior— pushup effect of front; b-
push-up effect of back

3.2.Methods of explorationof anthropometric database

Nowadays, men’s underweis designed on the base of traditic-using body
measurements (suchwaaist girth, hip girtl, weight or height) anlabelling as M,
L, etc [268]. Sometimes the sizing systems and the chartdiffering between
national brands and underwear styles due to tHereift geographic traditior
[72]. Moreover, the similar ways of underwelabellingand male body groupir
are notenough to present e garment features and different styl171]. The
consumers with distinctive physiological charactrs and untypical boc
measurements usually use one size chartsunderwearcannot be trie-on before
purchasing to control the fit and the comfcSo, under the general process
customisationthe consumers need more information about the fepdeatures
and the construction of underwear to be confidéouathe wearing comfort, tf
functionality, and many other aspe

The current existing ptern drafting methods of men’s underwes very
incomplete based on empirical data and finished garment uneagnts withou
the equations which combine the pattern block patarm and the boc
measurements in according with the male body mdoglyo For these reasons,

there is no accurate, detailed, scientific pattenafting method of men’
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underwear prototypeigure 3.5shows the scheme of traditional measurements taken

from the body and the underwear.

Figure 3.5- Tr:ditional measurements:-aneasurements are Ssing for body presentation; b
—control of ready-to-wear underwear

As shown in Figure 3.5a, there are three primagylboeasurements such as
the natural waisgirth Wg (narrowest, smallest girth at waist leW®L), hip girth
Hg (largest girth at hip levalL) and the crotch depth (the distance betwa&n
and seat level). The crotch depth has been megsirisitting position, and it is
affecting by soft tissues of buttocks. As shownFigure 3.5b, there are five
measurements to control the fit of ready-to-weamgats such as the middle
length (divided between the front and the backy tmotch depth (from the
waistband to the bottom), and waistband length hipd width. This list of
measurements is not equal to the body measurenemisthe knitted material
properties will be affecting the values.

Therefore, to create a new method of men’s underpa&iern block drafting,
we need the additional information which allows reesing the customer
satisfaction, to produce the underwear more cldBeegf and comfortable, to
reduce the production cost [105]. Instead of usinty the sizes of ready-to-wear
underwear, such as waistband girth and full cra¢ctyth, some new additional
measurements should be added to describe the nogpdhahogy [5, pp.17-33]. So,
the improvement of underwear cannot be made witlsbutctural changes to

databases.
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In our prior exploration, we collected the judgmentsl @emands of mol
than 700 males from China, FranRussiaand Bangladesh. Most responde
have stressed by underwear stype and front crotch; moreover, the majority
respondents also said that simple way of undenlabelling (such as M, L...)
does not give them i@ght choice to buy underwea$o, the traditional body siz
for labellingand design of underwear coutdatedand unreasonal; it should be

readjusted and reformed.

3.2.1. 3Dbody scanner for experiment

Anthroscanis a software for thwisualisation processing and evaluation
3D scan data, imenera delivered by theVitus Smart XXL3D body scanner
Anthroscaninteractive measuremenare usedin place of the anthropometi
measurements for all practical tools for the hurbhady. Eachdimension of the

body has a separate fodigit code/number, such @$25is hip girth

a b c
Figure 3.6- 3D scanning systems— 3D body scanner; b scanning standard;-cscheme of
measuring of tradition; d— new body dimensions

In early experiments, we have made a more compsaherand integrate
analysison men’s underwear comfort and structural desige. Weve obtaine
some basic theories about men’s underwear crucial dimensions data whic
provide a basis for subsequent experiments-281].

Two methods titled as "traditional" and "new" ased tomeasure body siz.

The first ones were obtained directly by 3D bodsinseer; the second ones w
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calculatedfrom horizontal and vertical crc-sections extracted from the t-size
digital images by processing ananalysing In two ways, we combine
characterisetheasurements to creal new classificatiorof male bodie:

Sagittal plane- vertical plane divide the body into right and Isftles; mi«-
sagittal plane bisects the body at the exact nedl@oronal or frontal plan—
divides the body or gan into anterior and posterior portions. Transvgiane—
divides the body or organ into superior and infeportions (may also be call

crosssectional or horizontal plar

Figure 3.7- Plane or section imaginary flat surfac  Figure 3.8 -Samples models, Chine
that pass through the body [1 and Russie

Youth males werechosenincluding 115 Chinese, 7 Bangladeshi and
Russian (18 to 28 ages) without structural defoionatof the locomotor syste.
So, the total value is 160 young male with considerablgart of Chinese male
By our measure, thprimary data of body measaments of the Chinese are
height is from 156.1 to 206.7 cm, the natural wgigh is from 63.5 to 93.3 cn
the hip girth is from 82.8 to 114.1 cm, the crokehght is from 65.3 to 90.9 cr
The similar values oBanglades and the Russians are theistairth is from 85.1
to 99.2 cm,the hip girth is from 78.6 to 100.7 cm, the crotaekight isbetween
77.3 and 79.1 cnlo prove the total value of measured males anctoedse th
cost and time of our experiment, we suggested ttietbody sizes of nasured

males obey the normal distributi
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In most anthropometric applications, the numbemefsured people should
be bigger than & 30 [144, pp.179-200]. However, if the number ojecks obeys
normal distribution, the smaller value can be usedet the accuracy results. We
controlled the number of all body measurements oredsto be sure about its
belonging to a normal distribution. We used Shapifitk (S-W test of the most
powerful normality test by SPSS [15%;Wtest can provide better power than the
K-S test [175]. Researchers recommend it as the Wssitec for testing the
normality of data [187, pp.143], and we also checkmality visually by the
effective diagnostic tool d-Q plot [53, p.822].

For example, Figure 3.9 shows the significant nérdustributions ofQ-Q
plot (also with small deviation) of two body diméss, for our large sample sizes,
the Q-Q plots are easier to interpret in case of largepsarmsizes, the even small
deviation will not affect the results of a parantetest.

Normal Q-Q Plot of CrH Mormal Q-Q Plot of Nav.H

120

Expected Mormal Value
Expected Normal Value

i (510 70 al a0 ol
Observed Value Observed Value

a b
Figure 3.9- Q-Q plots: a- crotch height; b- navel height

As Figure 3.9 show, the bot@Q-Q plots of crotch height and navel waist
height prove that 115 measurements of Chinese makgnormal distribution, so
n = 115 is enough [46]. The same conclusions haenlbmade about other
measurements. So, 115 young Chinese males carseaptbe population chosen.
We usedvVITUS Smart XXI(3D body scanner) by the scanning standard DIN
EN ISO 20685 to do the measurements amthroscan(3D image processing
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software) to determine the relevant body measurenanteractively. SPSS
software has been used for data analy@melDraw, Photoshopand Rich-peace
CAD have been user the visual presentation of image processing stnecture

design.
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3.2.2 Determination of the crotch poin

The measurements at crotch fof sagittal sections can be measured by
scanner and marked dadure 310): 6010- Full crotch length, from thnatural of
the waist front, cross the crotch point, to naturalof the waist back (the leng
based on the body cenyea full arc through the groin area of ICL; 6011— Front
crotch length CLg), from thenaturalof the waist to the crotch point (the len:
based on the body cenfethe arch through the groin a in front of theCLg; 6012
— Back crotch lengthGLg), from natural waist back to the crotch point (
through the inguinal area behiClLsg.

We have chosen the vertical cr-section taken from crotch point as main
informative resource about the male torso morphol@dn overlapping metho
has been used to find out the difference betweenctbss sections of the mi
lower body. At first, we have cut the standing badythe sagittal plane k
Anthroscan It shouldbe noted that this profile crc-section at theposterior part
almost close to the vertebrae and hip levelclose to the sacrum. So, soft tisst
musclesand skin have the limit affected especiall'seventhcervical C7), natural
waist back point WB). All reference points carfind out from the data b

Anthroscan (Scanworx)

6011

6012
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Figure 3.10- Measurements at crotch-&L, b— CLg, c— CLg, d— Cr point by scanner
To overlap the profile cross-sections, we shoutdl fihe location of crotch

point (Cr), that is similar as the perineum under the loiweso and between thighs
[150], and it corresponds (closest) to the ischpwsition and effects by the tilt
angle of the whole pelvic in anatomy. There is aoAt connection line of the
iliac crest and ischium which represents the filth®e innominate bone [122As
shown in Figure 3.11b, the larger posterior petii¢cthe larger lumbar kyphosis
and sacrum downward; the larger anterior pelvicthle larger lumbar lordosis and
sacrum upward [257].We knew that the tilt changih¢he innominate (pelvic tilt)
affects the direction of the sacrum, the normahsgnormal standing posture) is
C7 vertical guideline a little offset (anterior) frorthe superior of sacral
promontory. As Figure 3.11b shows [56, 2], we caa the positions dTr but it is
difficult to define Cr accurately by means the body scanner for nexteautshg
factors. Such as the limitation for light penetyatibetween two thighs, the
underwear influence, the genitalia position affddby underwear design, and the
standing habits. All factors caused the differertmetsveen the human body shapes
in the sagittal plane. Figure 3.11a shows the ne&thad we proposed to find the
location ofCr.

Firstly, we drew two straight lines: the lin@"“is starting fromWB and
tangents to the middle-lower section of the thara@rtebrae; linely” is going
through two points fronWB to the end of sacrum or coccyx as the peak paint o
hip level. These two lines confirm the contour eaderistics of thoracic vertebrae
and sacrum (or coccyx).

Secondly, we found out the middle point of natusaist width in sagittal
plane by dividing the width in half. Thirdly, weealw two new lines 4" and “b”
in parallel to the lined” and the line b’ through the middle point of natural waist
width, so, three lines have formed the crossovartpbourthly, we drew the line
from the crossover point down to the bottom of peasection to divide in half the

angle between the linea®™ and the line b™. Finally, Cr (black point) has been
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defined as the endpoint of bisector line whichtastsag from the cross-point o&™

and ‘b"” on natural waist level.

c
Figure 3.11- Scheme of a vertical cross-section taken from ¢lakgcanned body:-anew
method of poinCr finding out; b- pelvic tilt; c— comparison of poinCr locations for four
bodies.

Figure 3.11c displays some profiles which were gmee from the scanned
bodies with their morphological characteristicstsas different genitalia bulges,
sacrum bulge, upper torso (vertebrae) and diffenemght and profile thickness
(small or big). We can see the apparent differdreteeen two locations of point
Cr - new (black color) and old one that was defingdte body scanner (white
color). Anthroscan has found old pofdt. The oldCr points located near genitalia
or buttocks are unreasonable, machine measuremenicauses it. However, new
points Cr is located entirely in the more accurate positithhag do not depend on

the body shape, male genitalia and buttocks bulge.
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The pointCr is a significant anthropometrical point, and tlielgpems of its
identification by standard measure appear fromdélecate situation. Our method
has been tested one-by-one in our database whithies the human bodies with
different shape characteristics, and the resuksmaore accurate than after the
machine positioning. This method combines the kedgé of human body

morphology and s medicine science.

3.2.3. Overlapping the profile cross-sections

As Figure 3.12 shown, the extract method of thdilpreections.

As shown in Figure 3.12a, b are the way to cuntbéels and find the center
vertical line to depart the lower torso in profded then find th€r point in next
section. To overlap the profiles sections of thvedotorso that were taken from

scanned bodies as shown in Figure 3.13.

a b
Figure 3.12- Male body model: a cut sections; b porfile section and crosss-sections of thigh,
hip, abdomen, waist and bust

We used two axis - the horizontal axis as naturaisthne WL) and the
vertical axis from poinCr. Firstly, we drew the vertical line drown from poCr.
Secondly, we put all natural waistlines which wdoaind out by software

Anthroscantogether to one horizontal guideline. To adjuspadfile sections, we
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adjusted them according to two rules: first, to p@lit Cr points on vertical

guideline; second, to put all waistlines on horiabguideline.

3.3. Formation of a new anthropometric base

3.3.1. Parametrize profile sections through the cteh area

By this way, we have joined together all profiletsens. Figure 3.13 shows
the scheme of a method of finding the average eesson which we have
developed taking into as an example of cross-gectid the Chinese.

Firstly, we have drawn four vertical fixed-lengtlhem WL downward to the
level of Cr equal to values calculated before;

- The median (50th percentile®2) distance to the level of maximum belly (at
profile perspective) circumference (7.94 cm);

- The median distance to the level of genitalia geakt (26.45 cm);

- The median oBRlength in according witlkCr vertical line (31.40 cm);

- The median distance to the level of buttock pedk5@ cm).

Secondly, we have drawn six horizontal fixed-lesgtiom the vertical guideline

equal to values calculated before:

- The median distance to natural waist front (4540 and back (25.0 cm);

- The median distance to maximum belly front (45.43 and back (24.86 cm);

- The median distance to genitalia bugle (46.0 cm);

- The median distance to hip bugle (20.50 cm).

Across seven points we drew the average verticassesections for the
Chinese males (Figure 3.13a). The same method e tasdraw the Russians’
median profile sections (Figure 3.13b).The chareties were measured from the
profile sections after overlapping as Figure 3.4i3ows.

Table 3.1 shows the characteristics that were nned$tom overlapped profile

cross-sections. To get the overlapped figure ofilproross-sections in Table 3.1,
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we joined theWNL as the top reference line and aligned @nepoints to a vertical
line. The differencesl belong to the Chinese; the differenc2sbelong to
Bangladesh and the Russians. We can see the liggedifes exist between the
considerable parts of overlapped lower torsos: éetwthe front bulge and

buttocks; between the peak levels of hip and gkenita

a b c
Figure 3.13- Overlapped profile sections of lower torse: the Chinese; b the Russians;€
median profile sections of the Chinese and the iBnss

Some differences of Bangladesh and the Russianssasdler than the
Chinese, but the differenédn.5(genitalia bulge) is more significant. In totaltire
fundamental differences af¢0.3, 5 and7 and the all are crucial for functional
underwear especially with “push-up” effects andind of hips soft tissues and
front genitalia.

To analyze the possibilities of the male torsodshape and get “push-up”
effects by pressing the soft tissues, 15 malesowtthinderwear (nude) and with
underwear (in daily underwear) have been measuléd.volunteers have
participated in this experiment with written persm to scan naked but did not
disclose the body models and names. To analyseffinet of soft tissues lifting, a
curved line has been drawn including the testieled the penis to regard as a
circle (or round spheres), so this part can beditipward by different underwear
with particular range. Through our tests, the ayerdfted distance in front
genitalia is from 2.1 to 8.8 cm, in hips soft tigsuis from 0.2 to 1.1 cm.
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Table 3.1- The cross-sections of male’ lower torso and plaggls maximum
difference

Overlaoping cross- Place of Difference| Difference2, for
pp. J No. | .. 1, for the | Bangladesh and
sections differences located ) .
Chinese Russians
1 | Natural waist front 6.9 86/2.4
2 | Natural waist back 0.8 1.6/1.7
3 Hip peak level 11.5 10.8/3.0
4 Hip back 4.7 49/45
5 Genitalia bulge 54 8.3/5.6
6 Crotch height 8.1 10.8/5.6
;7 | Genitaliapeak | ) 14.8/7.9
level
Natural waist 3.2...4.3]
8 depth Back 1.1..88 3.2...9.1

3.3.2. New body measurements

We increased the number of body measurements fprowing the pattern
making of men’s underwear. All primary and addiaibrbody measurements
belong tolower torso and can be taken directly from the esdicanned and shown
in Figure 3.14.

As shown in Figure 3.14VL is natural waistline/level as narrowest girth part
WF, WB are waist front and waist back poinkdl is hip line across the peak of
buttocks,HB is the peak of buttock$GF is genitalia peak poinCrL is crotch
line/level;Cr is crotch point.

As shown in Figure 3.14a, 14 primary measuremeintissolower torso which
have been obtained by the 3D scanner and can blefasanderwear design. As

shown in Figure 3.14 (a, upper) the schemes of uneasof the curve and lengths
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which are locating oithe bod; As shown in Figure 3.14a, lower) the primar

body measurements divided into three grc- horizontal, vertical, and a

b
Figure 3.14- Developing scheme of body measurementspamary; b— additiona

(1) primaryhorizontal measuremer

WB the distance from concave waist back to back \argaidelin
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HBp the distance from hip peak to back vertical guicel
GFp the distance from genitalia bulge peak to backicedrguideline
Abdpy  the distance from the front abdomen to back vargaideline
(2) primary vertical measurements
AW, - Hy)  the vertical distance from natural waist to hipeev
Hy the hip height
W4 the natural waist height
(3) primary arc measurements
CL  the full crotch length fronWF throughCr to WB measuring very
close to the body
W_  the length from natural waist to the waistband ff@mt, side and
back) close to the body
Hs.  the side length from natural waist to a hip lesteke to the body
Ts.  the side length from natural waist to thigh leslelse to the body
As shown in Figure 3.14b, to describe some crudha@racteristics of male
bodies, we listed 18 additional data which havenbeglculated after our data

processing. As Figure 3.14b showed, the additionahsurements have been
marked as an abbreviation,

(1) additional horizontal measurements
AGW=GFp - Abdp the difference between waist front and genitalia
bulge
AWH=WB, - HBp, the difference between hip peak and waist back
A(Hg - We) the difference between hip and natural waist girth
NWs  new waist girth as waistband located below natweast level

NTs  new thigh girth as underwear bottom in horizordaadd slope
directions

(2) additional vertical measurements

Navy  the navel level height
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GFy the height of genitalia peak follows the wearingita

Cry the crotch level height

BR=W, - Cry the distance from natural waist to crotch level

he = GF4 - Cry  the difference between genitalia peak and croteél le

hr =Cry - Ty the difference between crotch and new thigh level,

underwear bottom

hy =Hy - Cry the difference between hip and crotch level

hyw =Wy - NWL  the difference between natural waist to waistbawell
(3) additional arc length measurements

CLs the front crotch length, froWF front toCr across genitalia peak

CLg the back crotch length fro@r to WBthrough the hip groove

Crs.  side length from waist to crotch, leg inside miousside length

AF =CLr - BR the value describing genitalia bulge

AB=ClLg-BR the value describing hip (buttocks) bulge

Among additional measurements; describes the genitalia position which
can move upward or downward according to persoredrivg habits4F is a
guantitative characteristic of the genitalia volum#W describes the male
genitalia bulge in the horizontal direction (smaildth of the grey rectangle in
Figure 3.14 byGF andWF. It will be negative when the abdomen (waist fjont
bugles larger than the genitalia bugle. From oatistic, 25% scanned males have
negative value oIGW (average negative value mean is -0.68 cm), and 75%
scanned males are the positive valug@WW (average positive value mean is 0.80

cm).

3.3.3. Statistical analysis of new measurements
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The five critical measurementA;, hw, hg, AGW, AWH, NTg can be used for
underwear design and male bodies classificationtake theNW; position -8 cm
below WL, and NTg position onCr (0°) as an examplaghe details will be
introduced in later chapters.

Firstly, the Cronbach’s Alpha) is 0.86 through reliability analysis of SPSS,
and all data have good scores of reliability tdsinternal consistency. Then all
data at the level of significance 95% are not gflprcorrelated through bivariate
analysis of samples’ crucial coefficient of cortela.

Secondly, we have applied the method of correladiioalysis to choose key-
measurements for underwear design and classificationale bodies. The crucial
correlation coefficient = 0.321 fom = 115 and the level of probability= 99.9%
(0.001) in according with Bolshev-Smirnov statiatibandbook [12, pp.248]. To
choose the new additional measurements, we sheuklfe about it independent
from primary measurements. The correlation matéAppendix Il Table 11.1)
between additional and primary measurements and nimmber of strong
relationships between them. The results show thenean fraction, where is
correlation coefficientsig. is p-value the significance of the test, if theghde is
less than the chosen significance lewek(0.01, two-tailed) it suggests that the
observed data is sufficiently significant aboutitte®rrelation. We tak®&NWs = -8
cm belowWL andNTg horizontalposition as examples.

Appendix Il Table Il.1 show that four additional aseirements such a&W,
A(Hg - We), Cry, NTg (CrL, 0°) are completely independent. These four additional
measurements can be combined with any primary measumts to create a new
approach to pattern block making.

Several measurements have some significant (stargglation with primary
measurements because some of them are based oaryprimeasurements
optimized and calculated. The rest additional bodyasurements have strong

correlation with primary measurements and need roareful consideration before
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their combinations. The Appendix Il Table II.1 si®that only two measurements
such as4F and 4B have four significant correlations with severalngry
measurements. For example, the measurerdiBritas the significant correlations
with CL, HBp, GFp, Abdp and the measurememtWH has the significant
correlations withWB, and HBp, instead of many measurements we use two
mentioned measurements1B andAWH — for bodies’ classification and pattern
design. Thehy even have four strong correlations, but with ifisignt
significances. Even the primary measurements cameéasured by the body
scanner directly, they are still a “new” kind of aseirements which can be applied

to men’s underwear design.

3.3.4. New measurements for waist

Nowadays the waistband of daily underwear excemormge functional kinds
of garments is very often located below the natwaibt 6510 and usually below
the navel. So, to design the waistba@820 in any comfortable positions for each
body types, we should know the girth of lower nakwraist named as new waist
girth NW.

a b
Figure 3.15- Positions of waist and waistband girth; aatural waist line, b waistband line

The “Appendix Il Table 11.2” shows new additionaleasurements which
were taken in waist area. Through Shapiro-W8KW) test by SPSS, n =118ig. >
0.05, and the effective diagnostic tool @fQ plot, all the data distributions are

close to a linear line, indicating that the datan@mal. We chose these four



106

measurements to calculate the waistbegirth and the differences between w:e
girth and hip girth.

Through the analysis of consumer preferences, \teeage distance betwe
the waistband girthNWs) and the natural waist\i) following after individual
preferences is approximately 7.7 cm (about 1.7 etovib the navel levelNavy).
This level is located close to the top of antednd posterior of the superior ili
spine; it is better to put the waistband at iposition so that the waist can |

supported by both bones, gprovide a goodixed effect and pressure receptiv

a b
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Figure 3.16- Crosssections at waist part.— Location of horizontal cro-sections betweews
andNWs; b — NWg crosssection; ¢ — the diagram of averad¢Ws dependincon hy; d — the
diagram of averagNWs depending oty andWs

We completed the next stephe average distance between the natural \
and the hip level i21.51 cm, so we chose the distance fWL to lowestNW; as

20 cm. We named the distance betwW; to NWs as ‘hy’. Then we identifiec
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these cross-sections from scanned bodies in 1@mwals. Figure 3.16 shows the
location of cross-sections and the box-plot change.

As Figure 3.16¢c shownNWg is bigger thanWg and all mean values are
presented the steady incremental trend. The bowtefquartile range (IQR)
become gradually smaller when moved to 20 cm (hgatevel), the average of
standard deviations is £ 6.08 cm. Based on linesdt of mean values, we found

the relationships betwed\g andW, hy

NWg = 0.02 -hy? + 0.54 -hy + 75.37 (2.1)

NWg = 0.02 -hw? + 0.61 -hy - 0.55 W (2.2)

where NW; is new waist girth used for the waistband locatiom; hy, is the
decline distance oW from natural waist, cm. The correlation coeffidigh=
0.99when the level of probability 95%.

New waist girth as the body measurement for calicigathe waistband is
significantly higher than the natural waist girtir imost of the young male, even
somebody with higher body weights. This equationsimiobe more precise to
calculate the girth of new waist for design undemmwaistband size.

Second, we have measured underwear waistband hsighlar to hy. As
shown in Figure 3.17, the height of waistband antrside and back are different,

not in horizontal.

Figure 3.17 Measurements of distance between waist and waidtba
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Therefore, we must take attention to this detailvaistband part in pattern
block design. By our measurements, the averagesBlii— measure from waist to
waistband at the front is during 6.2...13.0 di, — during 5.8...10.2 cnD3; —
during 5.6...8.4cmhy, includeD,, D, andD3, and is equal to the average value of
(Dy + D, + D3) / 3. It was measured from waist level to realemeear waistband
at front, side and back positions depends on iddali underwear. These results
can help us to find more normal position of thestlzand in the future design.

From D1, D2 and D3, we can know which belt stylenrhke to wear, mostly
lower in front and higher in back. In addition, theerage { we measured from

the belt (new waistline) to the waist circumferergcbetween 6.5...10. 8 cm.

3.3.5. New measurements for front

Depending on male body characteristics in froninitgda), the consumers
will encounter a variety of conditions when theg avearing underwear, such as
feelings of different tightness in genitalia areavided by different front pouches

of underwear [51].

Figure 3.18- Measurements in front

Base on the data of 3D body-scanner, in the fradt@ofile perspective, as
shown in Figure 3.18080- Height of natural waist level (vertical distancer
waistline to floor);0095— Height of genitalia level, based on the peak point
front genitalia bulge (vertical distance from pgaknt to floor);0550— Distance

from the waist front to the back vertical guideliffeorizontal distance at waist
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level); 0670 — Distance from the peak point of front genitaliddauto the back
vertical guideline (horizontal distance at peaknptevel).

“Appendix Il Table 11.3” shows the front body measments taken from
profile cross-section. We used them to explorefélagures of genitalia area, to get
a new way to describe front part of classificatand structure design. We have
analyzed data througBW test andQ-Q plot by SPSS, n =11%ig. > 0.05.
“Appendix Il Table 11.3” shows the statistics angbpes that the data distribution is

close to the linear line.

Table 3.2- Body samples for front part

Types S M L

Examples with
differentAaGW

Percentage, % 16.67 71.67 11.67

Examples with
different4F

Percentage, % 21.67 68.33 16.67

3.3.6. New measurements for hip

Consumers also feel different perceptions of tighsnin the hip area provided
by different constructions of underwear (few seamseamless). Different body
characteristics, body movements (squatting) anttdchimaterials properties will

cause the uncomfortable/comfortable feeling andraedtion of underwear back.



level).

“Appendix Il Table I1.4” shows the back measurensetgken from profile
cross-sections. Through analysis, the tess\Wsig. > 0.05, the data in Table 2.6

are normal.
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Table 3.3 - Body samples for back part

Figure 3.19- Measurements in back
As shown in Figure 3.1®530- Distance from the waist back arc to the back

vertical guideline (horizontal distance at waisteg; 0540 — Distance from the

peak point of hip back to the back vertical guidelihorizontal distance at hip

Types

S

Examples with
different4WH

Percentage, %

13.56

69.49

16.95

Examples with
different4B

Percentage, %

11.67

73.33

15.00

The additional dataB is a quantitative parameter of the bulge promirznt
the hip HB) and WB. 4WH is the parameter for describing the hip horizontal

bulge; there are no negative valug¥/H is equal to the value of back (hip) bulge

and the position (shape) of the sacrum and fat hasation) of hip soft tissues.
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3.3.7. New measurements for thigh

The underwear bottom has various kinds of positiSome tilt and anothe
horizontal.So, to design the underwear bottom for thigh, weukhknow the girtt
of whole thigh part new thigh girtrNTg, not only in horizonta

Figure 3.20displays six kinds of men’s underwear. As we ca geebottoms
have differentheights/angle. We marked some importapbints located orHL

andCrL: point “a” on HL, “b” on underwear bottomc" on CrL.

a b
Figure 3.20- Two cases of bottom locations=ihigher tharCrL; b— lower thanCrL.

Figure 3.2@ shows the first case when the underwear bottdotaed uppe
CrL. As we can see, this case includes the diffemations of pointb” (a briefs
and trunks), different bottom girth aislope, andlifferent length oiside seams.
Figure 3.20b showthe secon case when the underwear bottom is located b
CrL. This case with the difrent locations of pointl” represents the variol
underwear styles of tighitting boxers (from short to long).

Figure 3.21 showthe side length front waist to hip and thigh levaad the

waistband to hip level.
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a b c
Figure 3.21 Side line: a- waist to buttock height 1ef7010; b— waist to hip/thigh left7020);
¢ — waistband to buttock height left@15

“Appendix Il Table II.5 and Figure 11.4” shows tmeeasurements method of
the features of thigh line in different cases. Tlylo analysis, the test 8Wsig. >
0.05, the data are normal. Moreover, to analyzditeecase bottom position, we
need to measure thigh girth in an oblique dire¢twwa found the oblique thigh
cross-sections from the scanned bodies. FigureaZBaws how we cut the thigh
by several oblique (per 5°) sections from 0...60°.

The vertex of the cut angles is located at therirtinigh and close to crotch
level as possible. When the angle is bigger theh B0nostly make the sloping
side of underwear upper than the iliac crest arad teetheWL, so we take 60° as
the maximum angle. However, each angle from O...6{ the crossover points
with body contour (see Figure 3.22a). Thus we caasure the side lengtisL)
from WL to each crossover points of back contour.

Figure 3.22a shows the bottom lines for the seaas@ when the bottoms are
lower thanCrL. For this underwear, the bottom needs the hor&gusition. So,
we declined cross-sections per 1 cm from 0 to 1@ramed this distance als;")
along the thigh. Figure 3.22b shows the relatigngi@tween the cutting angle and
NTg, and average values NfTg gradually increasing. Figure 3.22c shows the side
length measured from natural waist level dowrCrh. To make the underwear
bottom highly close to thigh according to differéamnsile and recovery properties

of knitted materials, we need add a negative inerénalue (ease) N Tg.
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Figure 3.22- Analysis of new thigh: a thigh cutting in different angle;-bthigh cutting in
horizontal; - diagram of side length amdiTs; d — diagram oty andNTg
The linear relation betweeBL and NTg is significantly negative; the
correlation coefficient is -0.98%ig. is 0.000. Figure 3.22d shows the relation
between horizontal cross-sections giMfig and hy. Correlation coefficient is -

0.998 andSig.is 0.000, the linearity relation is significanthegative with high
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adequacy. We found the one-variable linear equsition calculating new tight

oblique girth and horizontal girtNT.

NTg = 81.64- 0.89SL R=-0.989 (2.3)

NTs = 54.59 - 0.54 R=-0.998 (2.4)

whereNTgs is new thigh girth measured below or upper natiimgh level, cmSL
is side seam length measured from natural waist,hens a range oNTg below
CrL; Ris correlation coefficient for the level of prolély 95%.

Figure 3.23 shows the distance between the innghghit is the distance

mentioned in Figure3.1b.

Aws = |OrL - Ds1) - [(16- hy) / 16]| (2.5)
Dg; Dsi1

a

b c

Figure 3.23- Measurements on male thigh- aross-sections of the taken at crotch level; b
distance between thigh left and right at crotclelpg— measurements of thg- , Ds,

We cut these thigh cross-sections at crotch leVake average distance
between thigh left and right at crotch level is&430.51 cm, the range is 1.5...3.9
cm. MoreoverDg, is the length from waist to ankle fromdg,_ is the length from

waist to ankle side, and these two values are ltulede the balance valugygs at
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waistband front and side by equation (2.5), whglequal the difference between

front and side height measured from nature waestinthe ankle.

3.4 New classification

Thefirst levelis based on\; andHg and visually defines the total sizes of
lower torso (small or large for slim or obesity g}, mark * in the extra-large
WG as an option for overweight men. The second leetides key measurements
that describe the physical male characteristicse. folrth and sixth stages of mark
* are options for further elaboration of this clfisation and can also be used for
drafting and more detailed classification. Therefothe classification of male
lower body is divided into the first, second, thamad fifth stages.

The torsos of thdirst stageof the first level because the range b&l; is
82.80...114.10 cm, mean is 94.24 cm, quartile<are 91.65 cmQ, = 94.10 cm,
Q3 = 97.75 cm, the standard deviation is 5.50 cneteby SPSS frequencies, three
intervals have been divided based on the valueuaftides, so the interval for
classifying middle type of male bodies is 92...98 amiddle type M” for
underwear production is 94 cm.

The4(Hg - Wg) rangeof thesecond stages 17.80..26.0 cm, the quartiles are
Q1 =14.35 cm@Q, = 17.65 cmQ; = 20.80 cm, the interval for middle type of male
body is 14...21 cm, middle typ#t” for underwear production is 18 cm.

The range offF of thethird stageof thesecond leveis 5.70...13.60 cm, the
guartiles areQ; = 8.30 cm,Q, = 9.50 cm,Q; = 10.70 cm, the interval for middle
type of male body is 8.3...10.7 cm, middle typd”“for underwear production is
9.5cm.

The AGW range of thdourth stages -2.90...2.80 cm; the quartiles &@g =
0.00 cm,Q, = 0.50 cm@Qs = 1.10 cm, the interval for male middle type i8.0.1.1
cm, but this front part also comply with the desigo the small type ofS
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underwear production we recommend is 0...0.5, mitige “‘M” is 0.5...1.5 cm,
large type L” is > 1.5, and whentGW become (larger, the front pouch will be
larger, and the appearance will be similar to akpbcThe daily underwear are
usually less than 3 cm, and give comfortable pressm genitalia, not slack in
front.

The 4B range of thdifth stageis 3.60...14.50 cm; the quartiles &e = 6.40
cm, Q, = 7.50 cm,Q; = 8.60 cm, the interval for middle type of maledipas
6.4...8.6 cm, middle typeM” for underwear production is 7.5 cm.

The AWH range of thesixth stageas 1.10...8.80 cm; the quartiles aig =
2.70 cm,Q, = 4.10 cmQs = 4.85 cm. The torsos of middle typd™with 2.7...4.9
cm need the size of underwear 4.1 cm.

Table 3.4 shows the new types of male bodies of levels. Figure 3.24a
shows the overlapping cross-section$igfandW; for the scanned males with the
similar waist and hip girth. The “Appendix Il Tablle6” shows the new classified

bodies samples.

a b
Figure 3.24- Lower torso: & Cross-sections dfic andWg; b — profile views

We can see the big differences between the comfigms of the waist and
hip cross-sections, on one hand, and the propdotnween the front and the back,
on the other hand (namely more soft tissues atrabdmr at hips etc.). The variety
of proportions betweeHRs andWg will reflect the lower torso contour. We chose

A(Hg - We) as thesecond stagef thefirst level.
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To make classification, we should know some measents such ad/s, Hg,
GFp, andWB; etc in Figure 3.14a, theBR 4F, AGW, etc in Figure 3.14b.

For example, if the body has a smidli and4(Hg - W) > 21cm, it can be
marked as S™. If the body has middlélg andA4(Hg - W) in the range of 14...21
cm, it can be markedMt”. For a largeHg but close tdA; (the difference is 0...14
cm) orW; larger tharHg (< 0), the body will mark as*” or “L*™.

The first levelhas two stages. To identify tliest stage we need to measure
Hs andWs. Based on the value d¢ig, we can put the body t8, M, L types in
according with the intervals established: smalant92 cm, between 92...98 cm,
and bigger than 98 cm. After calculating the ddéfered(Hg - W), we describe
the contour by marks+4” for the extra large\g; “+” for large Wg (or similar
values ofHg andWg); “blank mark” for median oM\ (called normal\g); “—’ for
the extra smaN\s.

The second levetharacterizes the morphology of male lower torsd a
includes indexes of the front and the back. It &hdoe noted thasecond level
must be processed with four valugse second levdlas4 stagesAF defines the
sizes of male genitalia and lower abdomen (with iImfia¢ or not), andiB defines
the sizes of hip, then combine them witlGW (only to give details about
difference between male genitalia and waist framngé) and AWH (only to give
details about difference between buttocks bulgeveadt back concave), the front
and the back &S, M, L can be presented.

Third stageandfourth stageare related to the body front andeds4F and
AGW+to identify the types o8, M, andL. If the body hagiGW=-0.1 cm andiF =
7.5 cm, we can mark it &

Thefifth stageand thesixth stagere related to the buttock shapad B and
AWH are used to choos8&, M, L types There is a special case when four body

measurements fromhird, fourth fifthandsixth stagegannot match same intervals
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completely. E.g.4F (or 4B) in S types,AGW (or AWH) in M types, we comply
with the principle o4F (or 4B) priority to definedAGW (or 4AWH) to S.
Finally, we mark the lower torso and underwear sall 7LM and so on. It
IS east to recognize the details of type identiloca “M ™ describe the total type of
body based ol andHg, “LM” describe the frontAF, AGW) and hip 4B, AWH)

characteristics. In totally, there are 108 new loteeso types (classifications) o by

our statistics 108= C1,-C3-C}
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Table 3.4- New classification of male lower torso

Main Subtypes Intervals, cm S.D.,
type algorithms | S(small) | M (middle) L (large) +
TSSIage: | <92 | 92..98 > 98 5.5
G
* < 0’
First > 21, 14...21, 0...14, Mark
level | Second stage Mark “—’ “Blank Mark “+” “ 7 43
A(Hg - W) (small mark’ (large (extra '
We) (middle Wg) We) large
We)
Third stage,
AF=CL--B| <8.3 8.3...10.7 >10.7 1.5
R
* Fourth sub-
stage,
AGW = GF, <0 0..1.1 >1.1 0.7
Second - Abdp
level Fifth stage,
AB=ClLg - <6.4 6.4...8.6 > 8.6 15
BR
* Sixth sub-
stage,
JWH = WB, <27 2.7..4.9 > 4.9 15
- HBp
Proportions rates, % | 12...20 64...73 11...17 -

The mark “+” extra large and the sub-stages of fourth andlsixte further
expounded on this classification.

3.5. The use of new measurement signs for designingderwear

We drew the basic block based W and additional measurements for
personal customisation and mass manufacture. Ediygical person, it is simpler
to just measure the body sizes. For the mass manuéawe describe briefly the
calculation and application of new method. The gxanof our new pattern block t

with new important measurements, the details isveha chapter 5. Previously we
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selected the reasonable eases of knitted mategabréding to the new
classification.

We draw a vertical guideline according B® value (median is 31.4 cm for
middle type), defindNW; for waistband /4-6/) andHg level (2-3/) usinghy and
hy. We calculate 0.26lg and 0.25NW; for the front and the back width. Then, we
draw thedaWH (median is 4.1 £ 1.5 cm) along the extensiofuf in the back and
in front piece to make sure that pod#thas the coordinatdg and4GW.

The bottom line is usually limited by side seam anseam line, it will
change from small to large size B\, Hg, AWH etc.Moreover, under the easy
deformation of underwear bottom, the length oflibé#om in the pattern should be
shorter (negative ease value) than the real maasuteto keep a good tight-
fitting. In this new pattern block, all structural lines deged on the traditional and
new body measurements, and all details after steeréxperiments have
theoretical support. This is an important distioctifrom other underwear

drawings.

Table 3.5- Examples of male body, cm

Body No. 1 Body No. 2 Body No. 3

S'ISS M~7MM L/LL

H:179.3  AF:65 | H:1865  AF:10.6 | H:183.2  AF: 10.8

He: 88.7 AGW -0.1| Hg94.1 AGW 1.7 | Hg 1109 AGW 0.5
A(Hg-Weg):  4B:5.9 | A(Hg-Weg): 4B: 6.4 | A(Hs-We):  4B: 9.4

10.7 AWH: 2.0 21.2 AWH: 5.6 20.5 AWH: 6.0

As we can see from Table 3.5, the male genitalgldo@!F) increase from
No.1, No3to No.2 evenNo.1 (S/SY andNo.2 (M/LM) have a lean of profile
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image but have the significant difference in maknitplia bugle, andNo.l

abdomen bulge similar aNo.3. E.g., the male bodyNo.2 (M7/LM) with the

measurements shown has a middle sikzeand small sizeNg, normal male
genitalia size4dF (8.3...10.7 cm, but bulge siz6GW >1.1 cm) and middle of
buttocks size (6.4...8.6 cm, and bulge size > Mm@ c

Summary of chapter 3

1. A scheme has been developed for calculating theigmo®f a point in the
crotch area taking into account the morphology aferbodies, the knowledge of
which made it possible to introduce new dimensidaatures for a more detailed
description of the front and back.

2.New dimension features have been proposed for mdraiation of the
lower part of the torsos of male bodies, taking iatcount their use for underwear
structure drawing with different functions. For fiivst time, the parametrization of
the middle of the left and right sides of the torsdhe crotch area was performed
using the example of Chinese and Russian men, whade it possible to exclude
sensory contact to determine the morphologicalfeatof this intimate zone.

3.A new classification of the lower part of the torsiomale bodies has been
developed on the basis of a combination of tragi#ioand new dimensional
features with the possibility of use in mass ardividual productions. Equations
are derived for calculating new dimensional featuog conditionally-type bodies.

4. Recommendations on the design of underwear, thécehaf its most
important areas with more reasonable and satisfactoorphological
characteristics. The new database should helpecrsatre detailed labeling of

men's underwear in order to make consumer choices monple and clear.
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Chapter 4. STUDY OF THE INDICATORS OF MECHANICAL
PROPERTIES AND COMPRESSION ABILITY OF KNITTED
MATERIALS

Some physical and psychological factors affect ¢benfort of clothing
pressure, so clothing pressure comfort researclhadstcan be divided into
subjective and objective evaluation [41]. Becaumsetight-fitting clothing rely
on the material stretch to cling to the human bedsface and produce large
surface contact pressure. And there are many lohdasen’s underwear, even
under the same underwear size, due to differenttifumal types, knitted
material types and body shapes [217], they willdpee different shapes and
tightness after wearing, the pressure on the humdy is also different. In the
study of men’s underwear, it is inevitable to stwdynfort [172]. The existence
of clothing pressure has a variety of physiologaadl psychological impact on
the human body, clothing pressure has become aoriamt content in clothing,
ergonomics, hygiene [238].

This research focused on the Asian body types. iBecthe sensitiveness
of soft tissues of Asian, European and African pedpr compression feeling
may be different. Previous scientists and expedeehalready explored the
comfort of underwear and tight-fitting clothes itatec poses. Some scientists
have studied pressure in systems “body-underweat tight-fitting stockings,
and they have determined the uncomfortable limifgoendix 1, Table 1.6).

According to the results and analysis of modern ’snenderwear which
are achievable in China, Russia, and world markaaipus structures we have
drawn up from reference books, with the detailuottional characteristic and
distribution of the reasonable compression pressarhe soft tissue. Figure 4.1
shows the variations of structure lines of Boxénss(type of underwear is quite
famous for daily wear and sports) and the reasenabmpression pressure

range (0...3.19 kPa). Our independent studies hanBroed the compression
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pressure distribution. Figure 4.1 a shows the apped structure lines are used
to design different functions; Figure 4.1, b shaws redraw image with the
comfortable pressure distribution in lower torsonfr the underwear (tight-
fitting pants) references.

The front insert may provide a better push-up ¢ffas for sports, shaping
when width and length are smaller. Outside seamsbealocated anywhere as
your design, the lines directions can provide thiemrdnt match with the body

dynamic shapes.

a b
Figure 4.1- The compression pressure in the system “body emwehr”: a- variants of
shapes and structure lines; khe front and back pressure

This measurement part is divided into three statjes:first stage is soft
mannequin experiment, which makes preliminary prepen and feasibility test
for the later human body experiments. The secamgesexperiment is the body
pressure test, the purpose is to establish a neeriadaand underwear pressure
objective evaluation standard system and changelthsubjective evaluation
method. Finally, combine the theoretical model §paetric point of view) with
practical applications, to design and verify thasibility of this theory to reduce
production costs and enhance the efficiency of imear comfort evaluation.

4.1. Instruments and methods of research

4.1.1. Materials for experiments
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We investigated 10 knitted materials supplied ldydbompany (China) for

the Chinese men’s underwear market as common é@&nteerials in terms of
fiber and threads component and weaving structlitee other 8 knitted
materials were supplied by the Russian market.

According to the preliminary observations, we daddall knitted materials
into several groups in accordance with their imeatal and handle properties:

1) Thickness. Five knitted materials were relagividick (the thickness is
0.9...1.2 mm); ten materials are thin (the thickne€s4...0.8 mm).

2) Handle feeling: seven knitted materials werétlignd soft; nine ones
were very elastic and smooth; three ones wereivelatless elastic and rough
due to the weaving structure.

3) Weight. Figure 4.3 presents the distributionn@dterials in accordance
with its weight. As we can see, the biggest groap mcluded twelve with
160...200 g/crh

4) Structure. The structure of knitted materialeftknit— single and double
sides of plain knit (jersey), single and doubleesidf rib knit; warp knit-
interlock knit, pique knit.

Figure 4.2 shows the surface of several matemalsmooth and wrinkled
positions which have presented its ability to shape

Figure 4.2- Sample images of knitted material (twice enlangg sharpening)
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As shown inFigure 4.4, most knitted materials are made of lren#odal
(yarn count 50...80s, high value indicates yarnst higbight and thin), Viscos

and combed cotton (yarn count 40...80s), and mix¢k spandex (denier 20

More than 300 Less than 150 A
1 kind
210~300 Coolmax
3 kinds
90~95
Polyethylene 10 kinds
45~93 Modal,
45~95 Viscose
4 kinds
40~83 Cotton Other mixed
components:
25 Lyocell,
35 polyamide
3~35 Spandex (Lycra)
T 1607200

Figure 4.3- Knitted material weight, g/c®>  Figure 4.4- Knitted materials components,

We chose the United States Tek<® FlexiForc& A201 sensor wit good
flexibility and high accuracy. The instrument carasure pressure, throu
connecting with a recording computer system witfheisensorsFigure 4.5).
The length is 197 mm, ththicknessis 0.20 mm, the sensor sensing ra
diameter is 9.53 mm, the acquisition sensing ase@0 mn’, the pressure
acquisition range is.04.4 N, measurement error is less than The A201 has
a papetthin structure. W have adjusted this sensor by different weights a&e
it suitable to measure human body soft part withtéa material for ensurin

accuracy.

a b c
Figure 4.5- Pressure experiment instrumen— measurement process; |
pressure sensor-— Interface of data acquisition sysi

The pressure acquisition system is LabWindows™/C\A/alysis syster
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software from National InstrumefitsVirtual systems based on Lav Windows™
/ CVI™ design play an essential role in NDT, powester systems, temperature
control systems, process control systems, diagrsoaind medical applications
[107]. The system of this equipment has been inguiao design for pressure

data acquisition, transmission, display, and raogrd

4.1.2. Methods and means of research

To verify the limitary pressure values, we useddhpgctive and subjective
methods to do experiment, the sensitivity of comapi@n pressure to the soft
tissues has been measured at the following sixiposi upper arm (biceps),
lower arm (forearm), nature waist, lower waist stlaand), thigh (crotch level),
and calf. These selected parts belong to the cgeemleas of different

underwear (leggings, T-shirts, boxets.).

Figure 4.6- Pressure test on the body{pressure sensor-2neasure instrument,
3 — acquisition system,

We set the measuring frequency ten times/sec, aasuned the pressure in
each position during 30 sec. Before the test, vexkdd the system of pressure
sensitivity and the test range on the computer étteb match with the
experiment [183]. In our experiment, the initialdthi of the rectangular samples
was 5 cm, the length follows each body girth anslthe marked scales on both
ends of the sample. We chosel4 kinds of men’s weder knitted materials
T,...T14 with different stretching ability (Appendix lll,able 111.1 and 111.2).

We named the sample as “shell”. In the experinfastly, the pressure test
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measured simultaneously at two symmetrical poigitthke sensors, each sensor

was put between two layers of artificial leathethwthree times measurements.
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Table 4.1 Positions of pressure t

Mannequin test points (test No.1)

Explanatiol Positions Points
P1 1/2 right front waistband; ' 1/2 left front : Front, back 4 and
: : . . Waistband . :
waistband; P2 Middle point on right fro side 2 points

thigh on HL; P2 Middle point on left front
thigh on HL; P3 1/2 right back waistband;’
1/2 left back waistband; P4 Right hip pe
P4 Left hip peak; P5 Right waistband si
PS5 Left waistband side; P6 Right side on
PG Left side on HL

Front thighs 2 and
Hip level | hip peaks 2 points;
Sides 2 points

Body (test No.2)

Image Positions Points

Upper arm| Front, back and side 6 poi
Forearm | Front, back and side 6 poi
Natural

waist level

Waistband| Front, back 4 and side 2 poi

Thigh
level
Calf Front, back 2 and side 2 poi

Front, back 4 and side 2 poi

Front, back 2 and side 2 poi

Secondly, we put the shell on the test positiomntichanged the ea
following the scale and stretched shell in warp amdt direction respectivel
(in our article we used warp for lengthwise andtvief thewidthwise direction
of knitted material). Thirdly, we measured the prgs values under tl
continuous stretching shell, until obtaining theamfortable condition from th
test on the soft tissuaf the body. In other words, the individual sensitivity

expert haseen evaluated under the s-term maximum pressure acting &
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written by the scale: comfortable-uncomfortable. decrease the error of the
measurements, we analyzed the average values edé@\tation of the pressure,
because during the measurement of the artery andheartbeat of the body,
some errors can appear.

Firstly, we tested on the soft mannequin, and tested on a real body. 15
males between 18 and 28 years old were measurkegsfpoints are showed in
Table 4.1. We combine ergonomic and structuralasttaristics to determine the

following test points.

4.2. Test on soft mannequin

4.2.1. Testing of knitted material pressure in hozontal

We use knitted material “shell” to test at the \lzasd, the length of the
shell is 78.4cm (girth of waist at waistband) floe thnannequin and we wrapped
it around below navel 4cm. Due to reducing the mesment error when the
elongation change on one side, while measuringother side pressure value.
We stretched the material from 0 to 40% for theeexpent (because when the
elongation reach to 45% the deformation greath@stdd pressure values at
different elongation of points P1, P1', P3, P3', PS5, and made linear graphs
according to the measurement results as shownguaré-i4.7 a. The pressure
value of points P5, P5' at side waistband are hitfan the other points in front
and back, which is related to the iliac bone paftten elongation is larger than
35% (waistband length is larger than 51.0 cm, dedwaistband shrink are not
counted), the pressure of P1, P1', P5, P5' ex&&€2 kPa, beyond the pressure
comfort range. P3, P3' reach to uncomfortable pressange when elongation
are larger than 30% (waistband length larger t#a@ &m).

Figure 4.7 shows that points P2, P2' have the lbaesrage pressure. It's

hard to measure the pressure data when the elongatie less than 5%.
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Figure 4.7- Relation between ease and pressureola waist; b- P2 point; ¢- on P4 point; d
—on P6 point

We can see from test data that the average preasthre waistband points
P (1, 3, 5) are 1.98 kPa. The maximum pressure/i3 I3Pa at elongation 35%.
The average points P (2, 4, 6) is 1.09 kPa, thammanr pressure value is 2.50
kPa (at elongation 40%).

4.2.2. Simulate the push-up effect on the mannequin

In the male front part soft tissues (genitals)rdttest, to simulate front
push-up effect proved by underwear material’'s eliégt\We use knitted material
and the fake genitals were made from plastic geded put on front part of soft
male mannequin for the test. The width of matesahples are 10 cm (sewing

together by two 5 cm pieces), the stretch range esnges per 5% from 0 to
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40%, and at the same time record the lifting distaralues based on the scale.

As shown in Figure 4.8, a, the maximal push-upcefté the front part is
about 2.8 to 4.5 cm, and the average is aboutr8.£aie to the particularity of
this part, the pressure value is not measured, thielyrelationship between the
lifting distance and the elongation of the mategkingation is obtained. The
ratio of the elongation and the lift value is pogtproportional.

As for the hip lifting experiment. The width of tlegperimental material is
10 cm, and the length is from the underwear wamntbi@ the bottom (thigh
back). To give buttocks “soft tissue” a lifting eft when stretching the material
vertically. The predicted test interval is 0...2.0 cm, we recdrtiee pressure
values for each 0.25cm increased, and the tesspeate P4 and P4’. As shown
in Figure 4.8 c, d, when we push up the buttockk.76...2.00 cm, the pressure
values of the three materials reached 3.86...4.3Q &Reeeding the comfort
threshold of 3.19 kPa. Therefore, we assume themam lifting distance (and
with comfortable pressure) of material on the niajeis about 0 to 1.75 cm.

A preliminary reasonable elongation range was abthby performing an
elongation change pressure test on the human bodglmrhe stretched size of
the knitted fabric of the underwear is increaseuj ¢he proportion of the
pressure increase is constant; the greater thesyseewvalue, the higher the
elongation of the knitted fabric.

Based on comfortable pressure range (1972, M.J.toDer[38]), the
maximum elongation (negative ease) on waist panlshbe less than the 31.7%;
hip should be less than 38.3% but must take intcowtt the maximum
elongated size (elongation) of different materidts make the underwear on the
body produce reasonable and comfortable pressetiade ease value may be
more than -10%.
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c d
Figure 4.8- Vertical test: — lifting on front; b— relation between material strain éelifting on
the front; c- lifting on hips; d— relation between material strain and f-up effect on the hip

4.3. Pressure test on the male body

In this stage of theexperiment, lte following human body partare
measuredbiceps, forearms, natural waist, waistband (4etow navel), thigh:
and calf. At the same time, we measure the measiatal directly tcExcel
format with foursensors. Each circumference six measurement points, liml

have fourmeasurement poir
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a

b

Figure 4.9- Pressure test on tlbody: a— “shell” with scal
waisf; c— measure on the upper arm

The measured data and estimated véebriefsare sho

have recorded the pressure and soft tissues tlaskafeach

calculated the error value of each measurement-285]. T

measurements of compression pressure in diffeEsitipns

Table 4.2- Values of measurable inde: for male body

Measurements, ui Inte

Average maximum pressure on bPyqq, KPa 0..z
Upper arm 0.8..

Lower arm 0.7..

Thickness of soft Natural waist 1.5..
tissues, cm Waistband 0.9..
Thigh 1.0..

Calf 0.8..

3.0

2.0

1.5

Pressure, kPa

1.01

0.0-

1

M Upper arm M Lower amm
M Eip Thigh
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Figure 4.10- Maximum pressul (left is pressure in the material’s warp, righinghe weft:

As shown inFigure 410 a,P,0qy IS the average maximum accepted pres
value on soft tissues of 7 body parts in two dicext warp and weft of knitte
materials, kPaAs shown inFigure 4.10 b,P,. is the average maximu
pressure of materials in different elongation stand 14 kinds of materic
concentrate on the pressure and elongation of ralten 7 different parts c
human body. The pressure values of 14 materialsarranged in order ¢
magnitude. Figure 41 shows the elongation at the average maximum te

strength Ena) on body parts in the warp/weft, and the maximuespur Ppayx
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Knitting materials
Figure 4.11 Knitted materials elongation at tmaximumpressureon body

4.4. Analysis of knitted material properties
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Men and women have different underwear. As samtedra, it has a
strong practical function. There is a particulaatsgd relationship between the
bra’s “cup” and front insert area, which offer sorsapporting function.
Therefore, this part of the design is the key paieasonable structural design
meets the static and dynamic requirements withnaf@aable feeling. In recent
years, because of the application of unique madsea@ad nanotechnology,
underwear can bring many therapeutic and healtbectsff and is also very
popular in recent years. For example, the “HAOGAN$®ANd, a popular brand
of Chinese healthcare underwear in Russia, hasfuhetions of shaping,
improving blood circulation, eliminating inflammat, restoring reproduction,
urinary system and so on.

The design and development of modern men’s underesa be divided
into simple transition periods: visual impact; nigteperformance improvement;
changes in style function.

(1) Decoration. From the aesthetic point of viewuotlerwear, designers
already in the 70 years began to focus consumttesiteon on the design of the
logo of the belt.

(2) Style. Different underwear materials influenoelerwear’s appearance,
styles. Elastic underwear surpasses regular latisegfcotton underwear with
lower elasticity. The reason is that the uniquéurss of the line structure bring
excellent visual effect, and good personal fitrefgsct makes the underwear and
body as a whole and makes consumers more satiSftesl.fascination with
fithess, and the cult of a healthy body also infleexl the change in the structure
of underwear, first, from the position of the fitthwthe plastic and the shaping

of the overall male image, the dynamic contour lameldivision (Figure 4.12 b).
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a b
Figure 4.12- Different style of men’s underwear— daily life; b— sport:

According to the network resources, we investigateel domestic an
foreign male underwear sales outlets and officiabsite product informatiol
By retrieving the top 2 or 3 items of terwear from 2013 to 2014, we found"

main ingredientsAs shown irFigure 4.13.

a b
Figure 4.13- Modern underwear compositions— first group of composition; b seconc

group

Through the components calculate of the sales afsmenderwear in th
Chinese and international brand. Underwear is maflepure cotton (o
90...100%) material. Model and other elastic materfallowed. The 5...109
spandex is basically maintained in thexiliary composition to maintain tr
elasticity and firmness. Through the statistics Gifinese and internation
brands of men’s underwear ingredients. Underweamastly made of pur
cotton (or 90...100%) materials, followed by Modatasther elastic marials.
The 5...10% spandex is basically kept in the auyil@mposition to maintai
elasticity and firmness. Cotton underwear is highigroscopic but not moistu
permeable and has poor elasticity, if the skin acintvith wet clothes for a lor
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time, can easily develop scrotum redness, itchimg, rash or eczema, and
dermatitis. Therefore, if want to wear cotton uneksar, should ensure that the
dryness of underwear, men who sweat easily ana anore often is not fit to
wear cotton underpants. The elasticity of cottonwisak, the fit of cotton
underwear will be greatly affected (improper wegreasily affects the normal
development of adolescent reproductive organst.ddabed cotton underwear is
the best choice and the addition of 5% to 10% sparfiDuPont’s Lycra) as an
adjuvant to increase the elasticity of underwearamhance fit.

So far, in the underwear market, cotton, and regeéeeé cellulose fiber
materials are the main promotion and productioraaf materials, but some new
underwear materials are also not to be underestdnafhe functional,
decorative or comfortable underwear have their @aracteristics and good
performance, which has an inseparable relation thigir superior performance

parameters.

4.4.1. Methods and devices for testing materials

In our study, the KES (Kawabata System, KATO TE@ah) test system
Is designed by the Kyoto University Profesg@wabata Tetsuyaln our tests,
we took automatic instruments of KES-FB1 (tensileeas), KES-FB3
(compression) and KES-FB4 (surface), and use tlmeecoharacterization to
adequately reflect the properties of knitted matean the low stress and strain
of the tensile, shear, and compression processes.

The material samples have been cut to 20*20cmderaat the edge 5cm of
the material. Its main composition as shown in Ame Ill, Table IIl.2. Each
material is tested ten times, including five hontad tests and five longitudinal
tests. Mark each experiment number, such as $i5tfor the horizontal test; 5-

6 to 5-10 for the longitudinal test. The wrong smfethe material will be in
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direct contact with human skin, so the test usesnthterial wrong side which
contact the human surface for testing.

(1) KES-FBL1 tester is used for tensile and shesty sample size 20*20 cm.
The maximum tensile load was 500 gf/cm (cN/ch).— tensile rigidity, values
closer to 1 mean firmer tensilitRT — recoverability, %, values closer to 100
mean better recoverabilit)h/ T — tension energy, cN.cm / émhigher values
mean greater stretchabilitgMT — elongation at 500 cN / cm load, %, the larger
the value, the better the extensibility. Generdhg higher the index value, has
the better properties of extensibility and elasgilience of the knitted material.

The sample sizes for shear were same and the maxghaar angle was +
8° with the tension of 10 gf/cm. For example, at $8fisileF is 25 gf/icm, shear
F is less than 3.6 gf/cm in both directions. Theashayidity (G) is the slope of
the shear stress-strain cun@:= F / tand. G — shear rigidity (between shear
angles + 0.5 to + 2.5°), cN / [c(R)], the larger the value, the material harder;
2HG — hysteresis of shear force at 0.8HG5 — hysteresis of shear force at 5°
cN/cm, the smaller these two values, the materisl etter the deformation
recovery ability, the material more flexible andts@he lower the index value,

the better the properties (material handle valideribility and softness [6].

Figure 4.14- KES-FB1..4 equipment
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c d
Figure 4.15- KES-FB1 diagram: aTensile Tester KES-FB1;-bShear KES-FB1; €
Compression Tester KES-FB3:-dBurface Tester KES-FB4

(2) KES-FB3 is used to measure the compressikdlitg thickness. The
instrument is moved to change the measurementiggosihd detected in three
different positions automatically. The platen ai®a cnf (circle). According to
the test standard, the highest detection sengiliwifin, compression minimum
load detection is 10 gf/cinthe maximum is 50 gf/cmand the rate is 0.02
mm/sec.RC — recoverability of compression, %, values closerl@® mean
better recoverability, the better the thicknessatiity and the fullness of the
hand feeling\WC — compression energy, the larger the value, matexiaiore
fluffy and thick; LC — linearity of compression and material thicknessugs
closer to 1 mean firmer compression (the thickrefsthe material decreases
linearly with increasing pressure, th€ = 1) [62], cNcm/cnf, the more easily
the material is compressed and deformed, the thitlkehandleT, — material
thickness under the pressure 0.5 cN/amm: T, — material thickness under the
pressure 50 cN/cimmm. Generally, the higher the index value, thieger the
feeling of bulkiness and spongy property (materf@ndle value), the
compressibility has some correlation with the thiegs T) of the material; more
thickness, the higher the compressibility [135].

(3) Surface properties were tested by KES-FB4. ineument moved to
measure 3 positions automatically with a plate afe@.25 cr, the test area is
20*5 mm, the moving speed is 1 mm/sec., and tlwidn measurement with
vertical load 50 gf, roughness measuring forcendeu pressure 10 gMIU —

frictional coefficient;MMD — deviation of average friction coefficienGMD —
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surface roughnesgm. Generally, the lower the index value, the mom®ath

the surface, and the flatter the weave of the natsructure.

4.4.2. Parameterization of indicators of propertie®f knitted materials

Through the KES test and contrast, the physicahtfyaeflecting the style
features can be obtained to evaluate the qualityatkrials [286]. Such as the
friction and extensibility between underwear matieand human body skin, it
affects the comfort of underwear wear. When therstbility of the material is
weak, and the friction is large, it will producegeeat feeling of squeezing on the
human body; on the contrary, it will be better. Hwar, material resilience and
soft thickness will also have a more significantpaat on the comfort of
underwear.

T+, Tg, Tao, T12, T13, T14 S@aMples have well tensile properties, and thaléens
properties are apparently higher than those ofrdthigting materials. It is soft
because of its high content of micro Modal or ptigae fiber; it has high
elasticity and drapability, smooth appearance amdlle, excellent extensibility,
and high resistance, easy cleaning and high diuyabdil, Tg, T1,, T14 SaMples
have well shear properties, bl is the best. They are more flexible and softer
with higher recoverability, stabilityl;, Ts are combed entirely with Modal,
cotton, the structure is Pique knitting materias, the flexibility and surface
smoothness are poor. However, t the chemical conposf cotton and viscose
fiber is similar, their moisture content is mostline with the physiological
requirements of human skin, and they have goodparmeability, dyeing
performance, color fastness and humidity adjustmigmttion, so they are not
easy to produce static electricity. So the designeferred material in the visual
design of the product. However, it is better teesethe combed cotton and add

more elastic fibers such as Modal or spandex toongthe elasticity and fit.
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4.5. New indexes reflect the real situation systethody-underwear”
4.5.1. Analysis of tensile property

Due to people’s breathing and various dynamic belay, tight elastic
clothing material will produce specific changegte human body. The material
follows the human skin stretching shrinkage anddpeces a certain degree of
short or long time stretch deformation process, fhtecess of material
deformation continues to accumulate, eventuallyltie) in elastic material
ease, not enough to provide the human body conblerfaressure. The tensile
test of KES is the material under low stress, whmhinly evaluates the
elongation, deformation and tensile recovery of rtrederial. There are various
movements of limbs in daily life, and different degs of deformation occur at
various parts of the body. If the material can adaphese deformations and can
recover, it will make the person feel comfortaléherwise, the material will
impede human activity, bring some feeling of oppi@s, and make people feel
uncomfortable. It can be seen that the tensile gotigs of knitted underwear
material play an important role in the functionabind comfort of underwear.

(1) As shown in Figure 4.16, we only showed thengéiions of the
knitting materials are less than 50% under terfeifee at standard load 500
cN/cm, which can be compared with the tensile4st@operties: in the warp
direction, materials have a bigger difference wita othersT, is mostly close
to the vertical line when elongation is more th@@olwith the poorest elasticity.
T,, Tg andTyg are closely and have good elasticity with the lewvtensile force.

In total, all knitting materials of the underweandoe elongated 20% below
200 gf/cm tensile force. All materials were departeto two groups, seven
kinds of materials’ curves are relatively rose phabetween 10 to 40%, and

others 7 rose steadily approach to 100% in aveyafyethe weft direction, it is
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evident that all materials have good tensile priogeand can be more than 30%

on the whole.
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a b
Figure 4.16- “Tension-strain” tests: ain warp; b— weft

(2) The tensile force under low elongation (Appe&ntl, Figure IV.1 to
IV.18). The samples curves were redrawn (Figur&)4.According to the tests
on the human bod¥.« are between 14.05...22.86% (mean is 18.88%) ip war
direction; and 15.56...23.57% (mean is 20.08%hm weft direction. In total,
the average value of two directions is between A4.32.15% (mean is
19.48%).

Therefore, the elongation of the experimental sasmghould refer to the
interval 5...20%, the material pressure valuesddfieult to be measured during
0...5%, the maximum elongation on the human bodyes @0%, based on the
different elastic properties of materials we caketd4.8...22.2% for design to

meet the human skin deformation (between 0...40.28%@omfortable.

a b
Figure 4.17- Diagrams of “load-strain”: a in the warp; b- in the weft

As shown in Figure 4.17, we analyzed the relatigpssibetween tensile

force value and the particular elongation. Our galtior F were taken from
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elongationE 5% to the maximum, a study with an interval of 2%ef {5, 8, 11,
14, 17, 20%} F(Enay is the maximum tension force of the materialgdsin the
humanbody under the maximum elongation (Appendix IV, [€aN.3).

As showed irFigure 417 that theTl, has significant differences with othe
andTg cannot be over 14% in the warp, increase quickiyndtF(17) to F(20).

When the elastic knitted material is stretched ne direction (warp), th
other vertical direction (weft) will shrink to artain extent. We cut samples
our 18 knitted material to 14*10 cm and used a naltestretch tester wit
clamping both sides+2 cm, so the test size of the material sampl®14@d cm,

as shown in Figure 28.

a b
Figure 418 — Shrinkage test: a original; b— after astretct

After the testwe calculate all data (Appendix IV, Table IV.he averag
materials shrinkage are 5.42% in warp, and 6.12% in thweft (Figure 4.19).
The materialdl7, Tg, Ty, have largeshrinkage during 20...36% elongation in
warp, 15...25 % in weftTs, Tg, T11, T13, T14 have smaller shrinkage during O....

in warp and weft]Ts, T;c have smaller shrinkage during 0...2% inwetft.
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Figure 4.19- Relationships between elongation and shrinkagewarp; b— weft
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4.5.2. Elongation and compression of the mater

Figure 4.20shows the diagram of test data pressure and ten$i@nitted
materialsT,; and T,. The horizontal -axis of the diagram is tens-strain test
data of knitted materials. The lower part of th-axis is the experimental de
of tensile stress (force) of knitted materials, #mel upper part of the-axis is
the upper part of the prese test data of knitted materials. The tensile m
diagram isproportional to the trend of compression presslrehe study o
tensile mechanical properties of knitted materiais,only need to consider t
tensile degree of knitted materials undev load.

As shown in Figure 4.20, the following importannhctusions are obviou
Skin tissues are differently susceptible to congioes pressure: under t
materialT;. It is possible to reach the highest pressuref.2.5 kPa under tt
material of Ts 1.7...2.2 kPa. To compress the soft tissues offithee, the
materials should be stretched to different valfmsthe materiaT;, the limiting
value is 15% elongation value, and for Ts material, the value is between
and 20%.
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Figure 4.20- Relation between strain, pressure value and &fwite: a- T, comparison
diagram; b- Ts pressure and tensile force

The "force-stretching" curves obtained from the KEHS1 device allow
obtaining additional information on internal stressWith the same elongation
15% of the samples, different stresses will aadmshem: in the materidl, —
65.0 cN/cm, and in the materie — 31.3 cN/cm.

4.5.3. Development of an indicator for assessingdltompressive

performance of knitted materials

To realize the “human body - knitting material” s with comfortable
pressure, the ease allowance should not only bmrees according to the
knitting material’'s pressure ability but also degeron the knitting material
structure, which will have different effects on hamskin. Therefore, a new
reference index is proposed from the “human bolgitting material” system.
Expressed as: knitted material compression perfocsaindex — CP

compressive performance

CP= (Pmax.warp+ Pmax.wefb / (Ewarp + Eweft)y (41)

whereE is ease allowance, the contrary value (negativeeydor tight-fitting
underwear design, % = 100 - [CS- B / BY, BSis body size, the human
body circumference siz&Sis clothing size)Pnax IS the maximum allowable
pressure under a stressed knitted shell, KFRjs a reflection of the knitting
material’s pressure ability for underwear, OCP < 1, kPa/%; the higher the
value, the knitting material’s pressure abilitystsonger, no need to design more
ease allowance (negative value) to make tightea(olyreater pressure), so that,
the lower the value, the knitting material’s prassability is pressure ability is
weaker.

However, the new inde€P — relations between the maximum elongation
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of knitted materials (%) and reasonable compregsigssure (kPa) the feeling
on the lower part of the body, kPa/%, and this xnidemportant for applications
on the different parts of underwear patterns. Thoagr tests of the knitted
materials, we have known the acceptable maximune easge during the
reasonable compression pressure is less than B short-time. So, we can
use it in the pattern at the different girth, Bfgone sample of materialP =
0.130 kPa/%, which means it can provide 0.130 kPthe soft tissue of body
when we the ease decrease in 1 %, if the orighaaF 80 cm, we decrease it by
10 %, then it is 72 cm and will be provided witl302 kPa at waist part. This
can help people to select the acceptable exteigibil knitted materials, with
clear pressure.

As Figure 4.21 shown, left y-axis @GP, theright upper y-axis is pressure,
and lower is elongation. We can see the good etamggerformance of
materials have a relatively low average pressugeyauch a3, Tg, Ty etc, so

that theirCP are also lower as blue and orange lines shown

Figure 4.21- Relations between compressive performance angyrmesase
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4.5.4.Dividing knitted materials into four le

As shown inthe Tabl 4.3 and Figure 4.21, some o
belong todifferent levels in warp and weft directio
We divided knitted materials between four levels
according with it<CP indexes
- 1st level includes the materials with tstrongestcon
equal and more than O..
- 2nd level includes the materials with above avei
0.09<CP<0.12
- 3rd level includes the materials with below aver:
0.06< CP< 0.09;
- 4th level includes the materials with tlowestcompr
whenCP equal and less than 0.
Only a few knitted materials’ have very high or CP, !
middle levelarea. Table 4.3 shows the materials distribu

green-blue colors

Table 4.3- Four levels oCP values In warp
Material Warf Weft
T1 0.11¢ 0.118
T2
T3 0.114
T4 0.11( 0.099
T5 0.09 0.100
T6 0.08( 0.083
T7 0.02¢ 0.038
T8 0.02¢ 0.030
T9 0.114 In weft
T10 0.03¢ 0.054
T11 0.097 0.082




T12

T13

T14

0.10:
0.09(
0.08:
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4.5.5. Comparison of indexes of compression perfolamce

We compared th€P indexes with the,.., proposed by I.Tislenko (llya
Tislenko, 2017 [272]) of twelve knitted materialsdamarked them in order
from T, to Too.

To analyze the differences between the both, wee l@nsidered next
factors: (1) average values of calculated indeX@%;accuracy of pressure

predicting; (3) conditions of measurements.

(1) Table 4.4 shows the average indexes calculaget? kinds of knitted

materials in different approaches.

Table 4.4- Average values of 12 knitted materials compresalafity, kPa/%

CP = P/ Emay KPa/% Kionmp = d(P1+P5) / 2do*(4al/4e) kPa/%
CP, warp | CP, weft | Avg. CP | Kioump, Warp | Koump, Weft | AVQ. Kiounp

Mean| 0.093 0.088 0.091 0.238 0.109 0.17/3

*wherein E,hax and4e — the knitted material elongation (strain in KEB)y, P:
andP, — pressure valuets — the stress force in KES

The averageCP is 0.091 kPa/%, nearly half the value &, (0.173
kPa/%). We can see that average value€®fin warp and weft are more
balanced. Because the units of both indexes arsatime kPa/%, it is reasonable
to produce a pressure of 0.091 kPa for knitted nahteer 1% elongation.

Figure 4.23 shows the comparison of both indexda @@ 12 sets of
materials, and correlation analysis.

As can be seen from Figure 4.23 a, there are ggnifdifferences at No.3
and 9. And eight indexe&,, are higher tharCP value. Moreover, the
correlation analysis betwee@P and Ki,.., Was also used to prove the

irrelevance of the two sets of data (12 indexesseey by a bivariate analysis
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| cr

Correlations

CP Kromnp

CcP Pearson Correlation 1 408
Sig. (2-tailed) 188
M 12 12
Kkomnp  Pearson Correlation 408 1
Sig. (2-tailed) 188
M 12 12

Compression performance, kPa/%%

1 2 3 4 5 6 7 8 9 10 11 12
Knitted materials

a b
Figure 4.23- Comparison of indexes of compressive abila); Bivariate analysis of bot
indexes by SPS®)

The crucial correlation coefficient r = 0.780 forn = 12 and the level ¢
probability is 99.9% (0.001) in according with Bués-Smirnov statistica
handbook. The result shows as a common fractioneravithe Pearsc
correlation coefficient i, sig. is p-value, the significance of the test. If tp-
valueis less than the chosen significance lewet 0.01, twi-tailed), it suggests
the observed data is sufficiently significant foeir correlation. However, w
can see from the calculation results, the botmadéxes are uncorrelated and
significant. Therefore, the results between the two sets of dedairrelevant
detailed analysis of the next step can be perfoi

(2) Table 4.5 shows the comparison of pressureigired and the relativ
error calculated by both average indexes, the sabfeelingation E;,x and
pressurd® measured. The measured results based on humardeks on sam
measuring positions waist, high hips (wasitband), hips and th

We can see from Table 4.5, according to experinheasalts, the averac
relative error is only 31.51% betweP,; andP, and the maximum relative err
is 220.32%. But the average relative error calealdly K., is 150.01%, and
the maximum relative error is 508.97%. Moreoveg, fisults oP are 1.746 and
3.319 kPa respectively. Obviously, the resultsP, is closer to the actu
measured valu®. Because in the testP is almost the maximum accepta

pressue for the human body under the stretch of the dahithateria
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Likewise, Table 4.6 shows the comparison of pressurediction and the

errors calculated by both average indexes (base@spective test results), the

values ofE . (and pressure) measured from body parts. As ®ekperiment

data, only select the same body parts of the ta& tbr comparisonEnax 1

measured on four parts of the male body BRg. > measured on four parts of

female body.

Table 4.5- Comparison of two methods of pressure prediction

Difference between

D

)

N9

~

Real Th? oretical pressurg real and predictable
Avg. pressure, P calculated by :
: pressure, the relativ
Mate- | Max.elo- | measured equations, kPa orrors. %
rials ngation, | on human P = or = ’ 5y =
% soft tissues| P, = CP 2 - S e
P, kPa 1Em Kiownp = | [Py =P 1| |Pp-P|/
’ > Ae P-100% P -100%
T, 17.18 2.021 1.564 2.972 22.65 47.06
T, 14.80 2.328 1.347 2.561 42.12 10.03
Ts 17.96 2.116 1.634 3.106 22.79 46.78
T4 17.38 1.814 1.581 3.006 12.82 65.73
T5 18.06 1.778 1.643 3.124 7.60 75.67
T6 19.49 1.596 1.773 3.371 11.12 111.2¢
T7 2215 0.753 2.015 3.831 167.65 408.8]
T8 21.55 0.612 1.961 3.728 220.32 508.9
T9 16.91 2.098 1.538 2.925 26.68 39.39
T10 21.79 0.948 1.983 3.769 109.09 297.5
T11 21.19 1.890 1.928 3.666 2.03 93.98
T12 21.79 1.934 1.983 3.769 2.53 94.92
1.746 £ | 3.319+ | 3151+ | 150.01 £
Mean — 1919 1657 1 "9224 | 0.425 | 8555 | 162.64
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Table 4.6- Comparison of two methods of pressure prediction

Difference between Difference between
Avg. real and predictable Avg. real and predictable
Body c pressure, £ pressure,
parts maxb 1 Absolute . max2 " Absolute | Relative
% Relative %
errorA, errorA, €rrordy,
erroros, %
kPa kPa %
Waist 19.1 0.054 3.23 14.1 0.839 52.17
Waistband 20.4 0.126 7.30 23.9 0.770 22.94
Hip 23.1 0.864 69.84 22.7 0.984 33.40
Thigh 17.9 -0.003 0.17 8.7 0.068 4.69
Mean 20.1 0.260 20.14 17.4 0.665 28.30

Then, we can see from Table 4.6, we tested diftebmdy parts, the
maximum measured elongations were different. Adogrdto Enax:
experimental result, the average relative error2®s14%. But the average
relative error ofKyow, IS 28.30%. Moreover, the absolute errors are O
0.665 kPa respectively. So, the results calculbie@P is closer to the actual
measured pressure value, there is only a large iertbe soft tissue part of the
buttocks.

(3) Besides, the differences between both indexesdapending on the
differences of experiment subjects, methods, p@pand the accuracy of
pressure prediction. Table 4.7 explains the aspdasferent approaches.

By comparison, indexCP was completely based on human body
sensitivity/comfort and represents the maximum oc@sgion performance.
Kownp 1S @n idealized prediction that sets the compoespbssibilities within a
small interval. And all the measured values usedalculate are not from the
real human bodies, inde¥.., is obtained only based on simulating the soft
parts of the human body on a silicone cylinder, Hreh verified the pressure
results on female bodies and found the differertevéen the predicted pressure

value and the actual measured value is + 0.53.
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Table 4.7—- Comparison of the indexes for material compressatility

presenting
Methods of conditions getting :
No. Aspects EXISTNG Keoumy ProposeP Comparison
CP can be applicated to each
: cylindrical parts of male
1 Object Silicone cylinder Real humar body. Kiownp Just simulates
measured body .
soft tissue of the human
body.
. CP  based on body
o until to the Untl to  the sensitivity, the Ekax value
Criteria of . tester feels
corrective effect that can be calculated by
human body uncomfortable o
2 e close to the ; pressure  sensitivity. Kiounp
sensitivity ) (very tight) at 7
. maximum value of based onP(o(c)), pressure
getting part of the|.
6 body parts. influenced by dependengy
body.
o(e).
Recording two CP is convenient to measure
max. values—
: and calculated, based on the
Recording stresgmax. feeling of the testeex;
. force and pressureelongation and 9 KoMnp
Subject . based on ¢ (elongation)
3 and recording stressmax. pressure . :
measured : approximately  20.0%, it
force and strain on(generated
needs two ways df
KES. under max. :
. calculation and
elongation)
: measurement.
simultaneously
CP used to estimate the max.
Express the IinearExpress the pressure of a knitted material
approximation  of max. which can apply to the
Applicable . compressibility| human body under different
4 P(e) in the
situation foximity of & = performance of design ease. It can be used
P y ~ | the knitted| for classification andg
20%
o material. selection of knitted
materials.
The accuracy The error = 0.53| The error is # We , ponducted __pressure
of prediction ; prediction calculations based
compression the range ' 0.10, the rfange on our respective data, the
5 P 0.01...0.98. is -0.17...0.86/ . P !
pressure on the difference  between  our
Measured on femaleMeasured male :
human body . ) predicted value and the
bodies. bodies. .
kPa actual pressure is = 0.44.

The study of material compression performance agtat-fitting clothing

cannot be confined to the mannequin experimentriugt be combined with the

actual human body. Therefore, it is necessary talgct the test method with

the actual body’s pressure sensitivity and obtalrable results. Moreover, the
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calculation method o€P is simple, it can be obtained by measurement en th
human body (it mainly focused on the soft tissu¢hef male lower torso). And
CP is more accurate in predicting pressure and cassify knitted materials in
terms of compression performance. As for the charstics of the knitted
materials and the pressure tolerance of real husofintissues, the maximum
pressure value predicted Ky, iS too large, and there is a big gap between the
predicted value and the actual measured value.rAcmpto our test experience,
these such large pressure values will appear iredwend or bone parts of the

human body.

4.6. Mathematical models for predictingpressure

The pressure performance of knitting material sas\w predicted [287-
295]. The experimental data obtained from the meiclh properties of knitted
material samples and the pressure data test on Ibwalg are divided into
“original data” and “selected data”. The mechandala of material measured
by KES have a significant correlation wity,, and CP. “Original data” is
directly measured from knitting material mechanutaia, and “selected data” is
selected from the knitted material stretch perforoeatest (stress-strain). We
made bivariate analysis PSS and analyzed the correlation of the knitted
material maximum pressure valueP and test data, the results are shown in
Table 4.8...4.10 (Appendix IV, Table IV.5).

As shown in Table 4.8, we chose the probabilityeleat 0.05 (95%), for
samples of material n = 18, the crucial correlatoefficient isr = 0.444 sig. <
0.05. The data underlined represent warp; boldessmt strong correlation and
highly significant. All data have good correlatiosit some of them have low
significant.F(5), F(8) have the strong correlations with maximum pressinc

CP. Moreover, in weft direction the(5)...F(11) have strong correlations with
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the pressure an@P, in warp theF(5)...F(11) have strong correlations with the
pressure, because the knitting material sampleseasestretchable in the warp
direction.

As shown in Table 4.8, we chose the probabilityeleat 0.05 (95%), the
crucial correlation coefficient is = 0.497,sig. < 0.05.P,.xand CP have very
strong correlations and highly significant witEMT, T, and Ty, and friction

property SMD.

Table 4.8- Correlation coefficients between the KES propsra@dP,,,, CP
(wrap'weft)

Index Prax Sig. CP Sig.
EMT -0.604 0.022 -0.740 0.002
-0.696 0.006 -0.774 0.001
E(5) 0.708 0.002 0.759 0.002
0.621 0.018 0.495 0.072
F(8) 0.685 0.007 0.813 0.000
0.701 0.005 0.610 0.021
G 0.595 0.025
0.537 0.048
To 0.816 0.004 0.876 0.001
Twm 0.768 0.009 0.844 0.002
SMD 0.542 0.106 0.507 0.135

On one hand, because tRepressure value provided by elastic knitted
materials is in a certain range (have the limit masn range), thus we use S-
curve (sigmoid function), power or liner modelsapproach for modeling the
relationship between pressure and knitting matepraberties separately, the
following (X, yi), the independent variable is knitting material properties, the
dependent variablg, is maximum accepted pressure; on the other hdmad, t

multivariable linear regression model was estabtlistor another modeling,
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y, = € = exd f(x)}, (4.2)

Yi = Pol +fiXia + foXio + -+ +fXin + &, (4.3)

wherey; is the dependent variable of pressie is the natural ba; %, Xp, ...,
Xin IS independent variables knitting material properties,= 1, 2, ..., 18x# 0,

y > 0,/ is the constant terrg; is the random error (random variable) te

Model Summary

Adjusted R Std. Error of
Square the Estimate

R R Square
800 640 595 308
The independent variable is T0.

ANOVA

Sum of

Squares df Mean Sguare F Sig.
Regression 1.323 1 1323 14.228 005
Residual T44 g 093
Total 2.067 Ll
The independent variable is T0.

Coefficients

Standardized
Unstandardized Coeflicients Coefficients

B Std. Error Beta t Sig
1iT0 -1.853 491 -.800 -3772 005
(Constant) 2709 624 4344 002

The dependent variable is In(Pmax)

a b

Model Summary

Adjusted R Stel. Error of
R R Square Square the Estimate

805 819 804 182
The independent variable is F11.weft,

ANOVA
Sum of
Sguares df Mean Square F Sig
Regression 1.811 1 1.811 54.482 .0oo
Residual 399 12 033
Total 2.210 13

The independent variable is F11 weft

Coefficients

Standardized
Unstandardized Cosfficients Coefficients

B Std. Error Beta t Sig.

11 F11 weft -3.886 526 -.905 -7.381 oo
(Constant) 765 065 11.750 000
The dependentvariable is In{Pmax)

c d
Figure 4.24- Sigmoid function models: — plot fit of Pnax with To; b— curve fit; c— Plot fit
0N Pray With F(S)wars; d— curve fit

From the curve estimations, the curve function nedanbe selected as
the best degree of fittin(As for the knitting material pressure values, a
initial stage, with the increase X, the growth rate of (P) gradually increase:

and the curve showed a trend of rapid increasthidmmedium term, althoucx
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Is in the growth stage, the growthyofP) is relatively slow, and the curve shows
a more gentle rise when the inflection poirt Y) is reached, because the
saturation degree of function reached the end, #ith increase ok andy
increased slowly, the pressure growth rate appexhctero, and the curve
developed horizontally [21]. We used adjusi&quare to define the degree of
fitting, the adjustedR-Square less thaR-Square andR, chose the good adjusted
R-Square and lowest standard error of the estimatieck.

(1) The sigmoid function (natural exponential fuog) models which are
composed of KES parameters in the warp directi@hraam-directional To, Ty)
have been established. In mathematical terms, theds are equations with the
limit range of P Values (Appendix IV, Table IV.6). Moreover, we dsthe
method of stepwise analyz&,, with F(5...Ena) and material properties from
KES, then obtained multivariable linear equatiory)4elow in warp direction,
ANOVA on F-testsig. < 0.000, coefficients otitestsig. < 0.01 and Pearson
correlation coefficienR is 0.9999, the coefficient of determinationREquare
Is 0.9998 and adjusteld-Square is 0.9995, these selected equations have th

goodness of fit.

Equations: Rigi:
P - (2709 23%) 0.595 (4.4)
P = 623 ), 0541 (4.5)

2.924 )

e(o-m F®war 0.536 (4.6)

Prmax = )
Prax = 2.417 Ty + 5.159 T - 0.181 F(5)warp +
0.127 F(8)warp- 0.031 -F(11)yarp - 0.014 -EMTyparp - 0.999 (4.7)

24.964 -LC + 5.7009,

wheree is the natural base approx. 2.7I8andTy are KES parameterB«Iis
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the maximum pressure value, the equations of @l (4.5) can derive the
pressure range during ORq. < 15.01 kPa, (4.6) only can derive the pressure
range from 0 P < 2.056 kPa, (4.7).

Then, the sigmoid function (natural exponentialction) models which are
composed of KES parameters in weft direction haaenbestablished. And the
equation (4.11), ANOVA orfr-testsig. < 0.05, coefficients otitestsig. < 0.05
and Pearson correlation coefficidRis 0.9999 the coefficient of determination
of R-square is 0.9999 and adjustedquare is 0.9992.

Equations: Rgdj:
p = o075 Fib) 0.804 (4.8)
(0.743 520) 0.820 (4.9
Pmax = € F(2Oweft/, . (4.9)
P = o7 T 0.829 (4.10)

Prax = 0.662 F(5)wer - 0.446 F(8)wert + 0.162 -F(11)yer
+0.101-F(17)per - 0.153 -F(Emagwer + 15.983 T - 0.999 (4.11)
23.497 Ty - 0.019 -EMT,e + 2.99

wheree is the natural base approx. 2.7E8...E..) are KES parameters tensile
force, gf/cm,Paxis the maximum pressure value, the equations 8j (4.(4.10)
can derive the reasonable pressure range during@Q,< 2.132 kPa, equation
(4.11) in mathematical terms, without limit randePg.« values.

(2) We calculated equations that have the begFigure 4.25), for warp
and weft of CP and Emax with low error .
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a b
Figure 4.25- Plot of fit curves: a power-curve; b- power-curve

Equations: Rag:
CP = 0.148- T,>%" 0.635 (4.12)
cp = o195 Sites) 0.805 (4.13)
CP = 0.022 F(8),5p " 0.672 (4.14)
CP=0.017- F(20), .. >*° 0.746 (4.15)

wheree is the natural base approx. 2.718; 8(8)yarp F(20)werr < 200 gficm (is
average of maximum tensile force value for underwmaterial); CPis the
pressure performance ratio, CR < 1, kPa/%To < 1.5 mm.

(3) Moreover, we analyzed equations which havebés fit, and bring in

the actual values to choose the best function suiimgure 4.26).

Equations: Rgdj:
2.068 +25

Emax.warp= e( To /, 0.852 (4.16)

Emax.warp: 0.025 -EMTwarp' 0.073 F(8)Warp+ 18.781, 0.843 (417)
10.789

Emaxweft = 3191 EMTWen), 0.794 (4.18)
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Emaxwet= 0.025- EMTert - 7.131 T + 23.118, 0.888 (4.19)

wheree is the natural base approx. 2.7BMT is elongation at 500 cN / cm
load, %0 <Eqay %0.

a b
Figure 4.26- Plot of fit curves: a S-curve; b- power-curve

Through these equations, the pressure ability atddymaterial, and the
elongationE;, in underwear pattern block and ease allowanceéegoredicted

by knitted material’ properties parameters.
4.7. Check mathematical models

We knew the type variables have high correlatiansj goodR? from
equations (4.4) to (4.19), but still want to deter@the errop in equations. The
calculation data from the knitted material samp@lesbased on all equations, so
we use the original data and then bring it intogfjeation for test calculation.

0o=Aly-100% (4.20)
whered is actual relative error, % is the absolute error, predicted vaRie
(CP, E) minus true (measured) vall®e(CP, E); y is true (measured) value
(CP, E).

Test results are shown in Table 4.9 (Appendix I&bl& V.7 and 8)And
the second quartil®, (Percentiles 50) is the mediand© andQ, of J close to
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0% are the best results.

We also take account others into the test&urtosis and Skewness,
Kurtosis — peakedness, positive kurtosis indicates heavyg tmld peakedness
relative to the normal distribution, whereas negakurtosis indicates light tails
and flatness [36]. The positive kurtosis means piadicted values close to 0
value center they have a wider range, the neg&uvtosis dispersed from 0
value center means they have a narrower rang@nte £xtent, the positive is
better than negative kurtosis. So, we need to chieekSkewness negative
skew, the left tail is longer, the mass of therdstion is concentrated on the
right of the figure; positive skew, the right tad longer, the mass of the
distribution is concentrated on the left of theufig [35].

As showed in Table 4.9, the first or second goddesaare marked in bold.
Due to equations for different kinds of values jpredn, the different tolerance
level of A andé have.

Table 4.9- Mean result of recalculated equations

Equations o A, kPa | 0, % | S.D., £| Variance| Kurtosis| Skewness

4.7) -0.030 | 2.27| 0.020| 0134 | 4.09 | 1.736
(4.8) -0.021 | -0.72 | 0.227 0.051 -0.349 -0.399
(4.9 -0.031 1.77) 0.221 0.049 -0.005 -0.304
(4.10) -0.020 | -0.80 | 0.216 | 0.047 | -0.652 -0.088
Equations oCP kPA 20 | 9% | S.D. % Variance| Kurtosis| Skewness
(4.12) -0.0016 | 5.94 | 0.029 0.001 | 1.938 1.482
(4.13) .0.0016 | 2.99 | 0.027| 0.001| 1.195  0.246
(4.15) -0.0016 2.87| 0.021 | 0.000 0.72 0.641

Equations of A, % 0, % | S.D., | Variance| Kurtosis| Skewness

(4.16) -0.652 -3.38 1.450 2.103 2.217 1.079
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(4.18)

-0.034

0.14

1.151

1.325

-0.595

-0.232
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a b
Figure 4.27- a— Diagram of quartile: unite of (4.4) to (4.11) B& unite of (4.12) to
(4.15) is kPa/%, unite of (4.16) to (4.19) is %; bistogram of equation (4.9)

The equations (and second choose) are as shovabia 4.9.

for Pnax (4.10) with an error of £ 0.216, and additional/jwith an error
of £ 0.020, (4.8) with an error of £ 0.227, (4.9}wan error of £ 0.221;

for CP — on the warp of (4.13) with an error of = 0.027, awluck (4.15)
with an error of £ 0.021;

for Enaxwarp— (4.16) with an error of + 1.450;

for Emaxwert— (4.18) with an error of £ 1.151.

The obtained equations can be used for the desigomopression knitted
kinds of men's underwear. Firstly, we measure ¢hsike force= of a sample of
knitted material to elongate it by average 19%culate the allowable value of
compression pressure of the knitted shell on aqodat part of the figure, and
then check the sufficiency of the size for the glesd parts.

For example, the following values of the negatiaeesare recommended in

the parts of the body, %.

Upper arm‘ Lower arm‘ Waist‘ Waistban(T Hip ‘ Thigh‘ Calf ‘ Mean

-19.11 ‘ -17.86 ‘-19.05‘ -20.42 -23.09‘-17.92‘-18.92 -19.48
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Summary of chapter 4

On the basis of complex testing of 14 knitted malerin different
conditions and with the use of different methodsl amans of research, the
following conclusions were obtained:

1. The correction intervals for plastic male bodsesl the values of the
push-up effect are set: front 2.8...4.5 cm, ba8k 2.0 cm.

2. The average maximuBy,. is from 14.8 to 22.2%; it is the critical value
of the maximum acceptable elongation range fortéstee. Through the real
body pressure sensitivity test, the maximBggy, is between 1.21...1.86 + 0.58
kPa.

3. The possible pressure for different body pastgelbeen established after
experiments. The following ranking of the soft ties sensitivity has been
established under compression pressysg;: hip < thigh < natural waist< calf
< waistband< forearm< upper arm

4. An algorithm has been developed for calculatingstmctive ease for
designing underwear, based on data related to matemd the sensitivity of
soft skin tissues of male bodies to compressioasre.

5. A new indicator has been proposed for deterrgirilre compressive
capacity of materials, calculated from the resoftsneasuring the tensile stress
of samples for certain values and pressures irala“bedy-shell” system. The
capabilities of the KES-FB-1 device were used ttambsuch stretching index
that correspond to the operating conditions ofuth@erwear.

6. A comparison of the developed index of compmsperformance with a
known index was made and its advantages for predipressure were shown: a
decrease in the prediction error from 28.3% (0i8&) to 20.14% (0.260 kPa).

7. Equations were obtained for calculating the mmaxn compression

pressure under tight-fitting knitted shells, thanpoessive performance index
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and the maximum elongation of the materials necgdsa the development of

underwear drawings.
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Chapter 5. DEVELOPMENT OF NEW METHOD FOR DESIGNING
MEN'S UNDERWEAR

We analyzed the relationship betwepants and underwe prototypes in
the lower part of thenale bod. Figure 5.1 showthe real skin and dummy sk
we made (Figure 5.4, d) fit closely with the human body, and thencading to
the front and back centerline and sideline of theelr part, the mannequin skt
is stripped off. Compared wilFigure 5.1 a, b, it cabe see that the structures
are the same. Itheory, this block can fully fit with the lower & surface, thi
part of skin blocks is the structurally perfect dition of men’s underwear. B
due to the performance constraints of the diffetemderwear knitted materiz

the pattern block need be modified to adapt to thenitted materiaproperties.

C d
Figure 5.1- Male lower limbs skin spread:— real male skin, b comparison of skii
and pants pattern block— original pieces, & cracked piece

After unfolding the front and back parts of bodifs to compare the
gaps/cracks, we can see that the crackdegree in theback piece is

significantly greater than the front piece, and ynamacks are at the hi
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(gluteus) andyroin. The “skin” cracks converge on tcrotcl line (CrL) and hip
line, while the upper part is similar to a ti-fitting underwearpattern block
(Figure 5.1d). The structure of underwear is tahi@ human lower tor: so that
we can refer to the theory of men’s tifitting pants to analyze the mer

underweatr.

5.1. Feature of the design of pants and underwe

Because of the strtural commonality, the shodgleeved vest can be dra:
by a top prototype, in shorts, underwear can a&soniproved by tigl-fitting
pants prototype drawingWe taking the men’s pants prototype in Chir
teaching book as an exam, the pattern is divided into fopieces Figure 5.2).
It is characterized by trHg as the basiparameters, to calculate the propori
of the data of each body t, hip width =Hg / 4 + ease, thdistance between
hip and crotch level ia = Hg / 12. In totally, the widthof crotch peaks exten:
at crotch level on patterns front and back is tatkertypical value “0.145 Hg
to 0.16 Hg", as for front is Hg / 18 = 2/3 -A”, the back is “front width +
1/2 - A",

a b
Figure 52 — Two pieces type men’s BPB=aback, b- front

We also take the men’s pants prototype ir Europearteaching book as ¢

example. The pattens divided into two pieces (Figure 5,3t is characterized
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by theHg as the basiparameters in thhorizontal directionand bodyrises BR)
as a basic parameten the vertical directionto calculate the proportio
Similarly, the pattern drawing method Figure 5.2 shows hip width =Hg / 4
+ ease”, the width of crotch peakl” extend at crotch level on patterns fr
and back, front isHg / 16", the backs “front width + 1/2 - Hg / 16 + 0.5)".
Figure 5.3b showthe back crotch extendHg / 10”.

a b
Figure 5.3- Men’s on¢«piece pants BPB: atwo-pieces; b- one-piece

Pants prototype crotch width distribut. Due to different body size, tl
pants size in different countries, regioand theequation to calculate the par
crotch width in pattern block are not the same.okdmg to the results of tf
1997 human body census in China, the reasonahle Vai thefit style pants-
crotch width is about “0.16 Hg", crotch width in font is “0.05 -Hg" or
“0.07 - Hg", back is “0.11 Hg" or “0.09 - Hg", and the sum is “0.16H¢".

- The first group distribution value is “0.0'Hg + 0.11 -Hg = 0.16 -Hg".

- The second group distribution value is “0.C(Hg + 0.09 -Hg = 0.16 -Hg"

[269, pp.103L25],[210].

In Europe, theypical crotch width- “0.0625 -Hg + 0.125 ‘Hg = 0.19 -H¢”
[18, pp.255258], [44, pp.8-89]. But, as for tightitting is “0.145 - Hg", the
common types “0.15 -Hg", and front crotch is 3...4 cm [24pp.151-162].

Comparisonof boxers and pants structure. To explore and asdidhe

regularity in common patterns, we heanalyzeda large number of pants, shc
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and boxers patternsith or without side seams. To compare the pantscl
pattern block BPBand underwear BPB, wdrew out both blocks iraccording
with the guidelinef the front, back center, and hip level as showrFigure
5.4.

a b
Figure 5.4- Comparison of underwear and pants BP— back; b- front

From the comparisonake the front and back centand hip line as a
reference line to overli in Figure 5.4a. It just has a significant difference in-
specific angle, and the underwear back centertheafpper part of the hip lin
has not tilt as pants, because the back centendiads textend and tilt to mak
the knitted material meet the human buttocks amdeclipotential The position
of underwear back crotch peak are deletet...1.5 cm (the amount of par
crotch peak downward value). As shownFigure 5.4b, the structure ar
proportion of underwear and pants are differente frbnt crotch peak is upp
about 3...4 cm from crotch level, and is roughly la& tL/2 between hip ar
crotch level, which makes the bottom of frdnsertpiece closely to the boc
crotch part for holding the male genit

As showed inFigure 55, we ovelapped pants and underwear prototy
based on hip line, the pants and underwear stegare divide( into left and
right two pieces without side seaFrom the comparison, we can see the s
outline of the back center lines and the curves.uBderwar front center curv

angle is more tilt than pants. Underwear back trgteak level is upper 1..
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cm than pants, the front crotch peak level is u@e# cm and is roughly at t
1/2 part of hip line to the crotch ley

For example, the five menunderwear are overlappeFigure 5.6) with
the same size, and taking the hip line and siden as reference. Throug
comparison, the overall struce of these five Boxers changed a little wi
drawing in different ways. Only a little differen@xists in the front cent
curves, and the front crotch peak point is highesua 1...4 cm than the ba

point.

Figure 5.5- Men’s one piece pants a Figure 5.6- Overlapping of men’s underwe
underwear BP pattern block

According to thepattern blockscomparison, a few differences betwe
basic pattern blocksan be seen: (1The horizontalcrotct level of men’'s
underwear is higher than the pants. The levelof back crotch peak point
underwear is about 1 chigher than the pants. (3) The lewélfront crotch peal
point of underweatis about 3...4 cmrhigher than the pants. (4The waist
(waistband) level otinderwee position is shorter and lower than the pants
The crotch widths are as follows: the pants is &lbalb -Hg, and underwear is
less than 0.1 Hg. Because of the similar methods of pattern makietyveer
these kindsf clothes, we chose the basic pants pattern tto develop the
methodof men’s underwear design widifferentfunctional effects

As for the design of waistband, the existing dragumethods al based on
the waistband size of finished underwear vproduction experience data. T

waistband of underwear is usua63...68 cm (for thaniddle size bod), the
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position is below the natural waistline 4...20 crmyally is 4...10 cm.
E.g. the waist length for underwear design fronché@ay books

WB_ = (Hg + 2...4) - (10 AE) (5.1)
whereWR is the waistband length for underwear patternkletg is hip girth
without ease; 10 is knitted material original ldndflO cm); AE is knitted
material after stretched from 10 cm to a reasonanige. E.g.Hs = 90 cma=
15cmWB is (90 + 2...4) - (10/15) =61...63 cm.

WB_ = Mid-W; - (1 +E) (5.2)

whereE is elongation, %Mid-W; at the level of natural waist 8 cm below. E.g.,
Mid-Wg; = 84 cm, b = 25%\WVB = 67cm.

The Figure 5.7 shows three variations of underweak, B, C design
methods of the front insert. To design the volurh&ant insert to maintain and
form the male genitals, the length of the fronteimgs aligned with its width.
Figure 5.7 shows three variants:-Athe traditional type, without the push-up
effect, it has the longest and narrowest width, ftbat insert bottom is sewed
with inseam; B- a type with moderate push-up effect, it has aovawidth and
curving front insert bottom; C a type with a stronger push-up effect, it has a

short length and oval-shaped front insert.

a b
Figure 5.7- Variants of the front insert shapes: &ont, b—the Figure 5.8- Length scale
configuration of the insertion line for the insetdsfront at crotch area [229]

The Figure 5.8 shows the example of crotch lendthoCsmall size body
(Yin Jianrong, 2007, pp.135) [229], the front (§land back (Ck) length are
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illustrated, and the design length at the crotctiobo is illustrated. The full
crotch length of high-waist underwear is more tl&ncm; the mid-waist is
45...55 cm; the low-waist is 35...45 cm, and the lengthcrotch part in
common is more than 13.5 cm (Figure 5.8). But, vioskume of the male
genitalia is not described.

The possibilities of mentioned methods do not alloesigning the
contemporary underwear. In Chinese teaching bdblky, just use the girth of
the waist as the variable value at belt part arel the unclear methods and
constant values in pattern making for other pdviigny empirical values cannot

be used in varieties of underwear.

5.2. Development of a new method for designing unadeear
5.2.1. Basic construction

The algorithms for men’s underwear design (trutksersetc) are based
on the following initial data: body sizes; the mefiece lines are the same as pants
drawingetc

Firstly, Nwg — new waist girth as waistband is located below rahtwaist
level; CL — the full crotch length fronWF throughCr to WB ( very close to
body); NTs — new thigh girth as underwear bottom in horizordad slope
directions;4F = CLF-BR- the value describing genitals bulgdd = CLB-BR—-
the value describing hip (buttocks) bulddR — distance of the body risky —
the distance between the nature waistline height the height of the new
waistband (to describe the height of underwear thesign), this distance are
4...10 cm.

Next, we have designed a typical basic patternkbtdanen’s underwear
“Boxers I, as shown in Figure 5.9. The main alguns include the following
steps [296-302]:

- Draw the structure and anthropometric lines basethe upper of basic
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pattern block- waistline, hipline, crotch line, thigh €

- Define the possible combinations of the two vaea
extensibility (easE) - compression pressurB){ as !
To ensure these two variables balan

- Select the desired values of p-up effect (for the a
separately) and the solution of how to achieve th
due to design in front insert piece (independemtf
the special insert like a pouc

- Draw the back piece (the design of less divid
includes front and side

- Drawthe front insert piec

- Drawthe crotch piece (designe

5.2.z. The basic design of Boxers type |

The details of thalgorithmand drawing method for ¢
is shown in Figure 80 (and Appendix V, Table V.1).

Figure 5.9- Men’s Figure 5.10- The algorithm for cor
underwear basic type underwear, right is front with i

If it is based orfS, M, L size of our classifications tc

block, we recommend two ways for grading. FirstMetho
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Figure 5.11. The grading values calculations asztan their differences from
our body measurements database, the order is addram small to large, each
group of data is calculated separately, then, tfierences between each group
of data are calculated (Table 5.1).

In vertical, the differences of fullrL andBRgrade are 4.6 (1/2 is 2.3 cm)
and 2.0 cnseparately, we took the smaller scale + 2.0 cmvinstband part
vertical grading. In horizontal, théW; difference is 5.76 (1/4 is 1.44 cm) cm,
we take 1/4 front piece change + 1.4 cm in horiabmgjrading direction is to the
side, and front insert doesn’t change; back cha@& cm in both side (Figure
5.11). In crotch pargWH s influenced by the value ¢f-10/ the average
difference ofAWHis 1.46 cm, we take + 0.7 cm in back crotch pargrading.
As for NTg below crotch level (-10 cm lower fro@rL level) for grading, the
bottom curve is change + 0.9 cm in front, gradimgction following the bottom

curve. Change = 0.45 cm in the back of both sides.

Table 5.1- The algorithm of detail parts for average sizes, c

Vertical Horizontal
Measurements _
CL BR AWH NW; NTg decline | AGW
Difference,x | 4.60 | 2.04 1.46 5.76 1.71 0.86
Front 2.3 2.0 | Not change 1.4 0.9 -
Back 2.3 2.0 0.7 0.7/0.7 0.45/0.4% -
Insert 2.3 2.0 - Not change B 0.5
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Figure 511 - Underwear grading “Method No.

Table 5.2— “Method No.2” and value for the basic men’s undeawproduct:
based on new classification,

Samll Middle Large

Main S M L

Range

of Ho <92 92...98 > 98

Hg 91 95 98

Main | s | s | S || M | M | M |[M*| L | L |L"|L"
Range 71... | 84.. 71... | 84.. 71... | 84...

of Vi <71 on | o >098 | <71 o | o >08 | <71 o | og > 08
We | 70 |735| 84 | 91 | 74 | 77.5| 88 | 99 | 77 | 80.5| 91 | 102
Sub. ISS /MM /LL
AGW 0...0.t 0.6...1.5 1.6...3
AWH 2.6 4.1 5.6

Recommendations
BR 29.7 31.5 32.7
hy | 0.25-BR -1=6.4 0.25 .-BR =7.88 | 0.25-BR +1=9.18

hw

0...20, (design value)
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hg 0...9, (design value, average is 3.5)
NW, ,
NWs = 0.02 -hy“ + 0.61 -hy - 0.55 +Wg
(< Ho)

“Hg, Wg” with the underline, take our mean results as meoendations.

“S™ special size, as foB size girth of waist usually less than the hip in

practice.

“BR™ is the value/size in structural drawing, calcathty body’s BR, defin

the underwear products size.

D

Secondly, we have created thdéthod No.2 as shown in Table 5.2. The

“Method No.2is a new size chart with critical values for mebasic underwear

based on our new classification. This method whaeh added more design

details than the first method is also suitablenfiaiss production.
As shown in Table 5.3, the example of oliethod No.2is applied to the

basic pattern block.

Table 5.3- Method No.2 for basic underwear

Pattern blocks Measurementg orr_espond Type Average values,
sizes cm
Length /0-4/= v, | S, . |
12-15/ NW; below M. L Design value
We
According _
Length /12|  toh, > | 025 -BR-1;
/13-14/ He above | M 0.25-BR
L 0.25 -BR+1
CrL
Reference
Curve /4-6F~ NW, In S, | differenthy (add
/16’-15/ Table2 | M,L| negative ease
value)
AWH, _
Length /10-1/| difference Kji 421?
= [20-18/ between the L 5' 6’
crotch back '
AGW S 0...0.5;
Lengtsh/ 24- genitals M 0.6...1.5;
bulge L 1.6...3
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0...9 (mean is

Distance of | According S, 3.5), or higher,

/13-24/ to hg M, L Design value
Reference
Curves /11-9/f According | S, | different angles
+/9'-21/ to NTg M, L andhy (add

negative ease)

We can use a variety of combinations to designtfaonl back, for different
male shapes or the different desired feeling oéslrtn totally, there are 12 main
types of underwear can be used for design and ptiodu If we design
underwear with more details, suchSitSM, M/ML, L*/SL etc we need to add
different values from the “sub. column”, and takéW and AWH from three
sizes. And then, take values from the “design calufor structural drawing.

For example, we make underwear with the 12 maiessizomS, S
S'..L"", we take averagélg as 91, 95 and 98 cnW follows the “main
column” 70, 73.5, 84 cm etc., ahW\; can be calculated. As for the mavis S
/MM, /LL" in the “sub. column” also means the small, middiel larger size,
they are just used to describe the size of maley lmedails in anterior and
posterior. The sign/* means the details size after the main size, wewade as
S'/SS but, if we designedGW = 0.5 cm (small sizéS) andAWH = 6.0 cm
(large size/L) in underwear pattern, we need mark it &L" it means an

underwear has a small front but large back.

5.2.3. The design of Boxers type Il

This example shows how the design method is usegattern block
making of men’s underwear with different functionslew method and
functionality type with push-up effect in front gémall insert, a separate crotch

piece, we named it “Boxers I1”"). The application tok way for designing of
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boxers as typ&€ we mentioned before with the insert in shorteagike, most
significant width, and significant crotch part. 8ukind of structure (Figure
5.12) provides the maximum correction effect onybfwdnt.

The algorithm of boxers with the push-up effecsl®wn in appendix V,
table V.1. The sample of underwear is shown in fagul3. Male body (height
170 cm, waist girth 72 cm) used the following siztistance from waist to seat
BR = 27.3 cm, new waist is below the nature waistlimdn, = 10.5 cm, the
waistband width is 2.5 cm, hip girtHg = 91.9 cm, thigh girtilg = 56.6 cm,
height from waist to floor in fronDg. = 87.6 cm, height from waist to floor

inside Ds. = 88.7 cm, with the maximuntE 19% in the experiment.
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a b c
Figure 512 — Pattern block of Boxers Il with crotch pie

Figure 513 - Finished sample of Boxers II

In this example, the nitted materiawith a coefficient of extensibilitc =
1.19, or in othewords, with the possibility to decrease the ( (horizontal)
value by (-19) % We increase the length (vertical) valligy (+5) % in this
example because the vertical direction of matersfisnkage rate is 5% (

warp), and 9% (in weft

5.2.4.The design of Boxers type Il

We designed a functional underwear with speciainsgram front to hips
this structural line across underwear back middiiefront, it has “pear” typ:
insert, like “U” to make pouch lower and top cl-fitting the front malegenitals,
and a large crotch piece.e also designed pusip effect in front and back, al
a small front insert, a separate crotch piece Wighnew design method. The
two “pushup” effects could make the male soft tissues bftat front and bac

The traditional front insert of male underwear usualbed knitted material |
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warp or weft direction, but from owquestionnaire before,

defects in wearingomfort

a b
Figure 5.14- New design ounderwear: a front; b— back

WL

NW,

BACK

BACK CENTER
SIDESEAM

HL

NT¢

a
Figure 5.15- The algorithm for constructing the of Box
back pieces; — crotch piece; € back structure

So, in our design, as shown in tFigure 5.14 we tak
for front insertand narrowed the top; make a structarc lir
front on both sides of the insert part. We destgn warp
material at back lower and front thigh part as shawgrey «
an effect that is not easily deformed., this desaigo giv
(tight) feeling of support and make the stabilityled botton

Four kinds of knitted materials are used for ui

comparing, take the body s M7/SM, the mainmethod of
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data are shown as the following:
0-26 10.5cm
2-33  Equal to back crotch curve line on the basic pypet

26-2  Shrinkage warp 11 - (1 - 0.055) = 11.6 cm, usenvd® direction. The
ease of elongation (in pattern horizontal) andndtagie (in pattern
vertical) forTy, T4, TsandTgare 19% and 5%.

2-37 6-(1-0.055)=6.4cm.

31-32 Designed value 4 cm.

28-55 Shrinkage warp 11.5 - (1 - 0.055) =12.2 cm.

55-32 Shrinkage weft 5.6 - (1 - 0.055) =5.9 cm.

33-36 Designed value 6.5 cm.

36-32 13 cm./36-38/ =5.5 cm.

15-17 3.5cm, the half width of the insert.

20-21 Draw a straight line fror@0to 21 and make a right angle at pot.
21-38"' Part of bottom line 14.5cm.

14-24 2cm

56-56' Draw a curve cross poigb.

5.3. Virtual system of “body-underwear”

5.3.1. Build a digital twin underwear

In the simulation experiment, we imported the hurnady scanning model
to the software CLO, and modified crucial human ehsions according to
model M7/SM, as shown in Figure 5.16. The Figure 5.16b ankodved the 2D
structure of Boxers | and Boxers Il pattern blacks

We can see that the underwear structure in Figuiéd, f, the red
annotation means “cannot wear'0.0% area coverage 0 spots; “tight'0.0%
area coverage 0 spots, our underwear finished nieadlin white color, so this

wearing performance  of the  structural drawing Is ghti
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e f
Figure 5.16- 3D virtual simulation: a body model siz&7/SM; b — pattern blocks (Boxers
); c — sewing process;-dBoxers | try-on; e- pattern blocks (Boxers lll);-f Boxers Il try-
on

5.3.2. Development of digital twin for scanners

Figure 5.17 a shows 3 male profiles. We can see thea shapes of the
profile are very different, even at the same dfz& hen, we used the software of
MakeHuman 1.1 (Figure 5.17 b) to establ&hM, Lsizes virtual male bodies
(size following Table 5.2). It can be clearly sdeym the profiles that different
waist sizes have different shapes on the part domlen and the back of the
waist, when the hip girth is the same.

Figure 5.17 c are virtual models meets the avesaggeof our classification,
covers the genital area for lower torso of bodypally, the “obj” human model
file is imported into the CLO software for simubaii
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S'/SS M/MM M~/LM

a
b C
Figure 5.17 3D Human lower torso models— 3D scanning body; b size modification;

— virtual body

5.3.3.The choice of digital twin knitted materials

CLO software is often used to simulate some loose-elastic clothing
(coat, dress etc.) and commonly used knitted nadsefcotton, silk etc.). But ot
design is mainly for tight underwear, its size vbk smaller than the hum
body (smaller than the coverage area). Therefore,need to consider tl
performancealetails of the elastic knitted material. We selédtritted material
parameters of physical properties into the CLO ti&a option for simulation
Form the simulations of virtual knitted materialg adjust the parameters ¢
put the KES results in CLO. Such as the option “Detail”, the best waya:t
take the knitted material parameters G (sheamssf), thickness and dens
into these 4 options of “stretch”, “shear”, “thidss” and “density”. Afte
adjusting the properties of virtual knittedaterials, we simulate the knitt
material properties and measure pressure values-(gare 5.18

We have tested nearly 5000 virtual pressure valag &®V in knittec
materials two yarn directions on 7 parts of virtbaddy. The simulated virtu
pressire (PV) is 0.14...2.13 kPa (real pressure on hunoaly BB is 0.05...2.3
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kPa) with knitted materials elongated frc-20.0 to 5.0% in the warp an
pressure is 0.00...2.82 kPa (PB is 0.13...2.02 kPtydnweft directior

a

b

Figure 518 — Material simulation for virtual pressure 1

As shown in Figure 5.19a, there are more zero presgmlues and a wic

distribution of the whole data in all the measulath on the human bo

Pressure, kPa
A

0.0

H Hip

I Thigh

"

B Upperearm [l Forearm ] Waist

W Calf

a

B Waistband

Pressure, kPa

0.0

I Upperearm [l Forearm

H Hip

I Thigk

[ waist B Waistband
M Calf

b

Figure 5.19- Box diagram of pressure date— real pressure tested on male body;\irtual

pressure

As shown in Figure 5.20a, there are definite catr@hs between PB at

PV of 14 knitted materials, which means that thenaxticns between them at

the simulated pressure are feasible, but the ageds to be correct
As shown in Figure 5.20b, we find that the knittedterials elongated fro
-15.0 to 10.0% with the largest difference frc-0.26 to 0.24 kPa, and the lin

intersect at12.5%; in total, average error is = 0.19 kPa. Thes build virtual
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underwear and measure virtual pressure PV' from €450 to -5.0%, the result

are as shown in Figure 5.20b.

w
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o PV
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Pressure, kF
Pressure, kPa
\

«
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Material sampl Ease, -%
a b
Figure 5.20- Paired pressure values on body (PB) and virtud):(&— the pressure of 14

knitted virtual materials, b elongated (ease) during -20.0...0.0%

5.3.4. Testing digital twin underwear

We checked the underwear pattern, and tested thealvipressure
sensibility and underwear deformation at variougspg803, 304]. Figure 5.21a
shows the virtual underwear (madeTy try-on effect in front view. We clearly
see that there is an excessive pressure (red @l crotch part and front belt.
We need to further modify this original patterngtéiie 5.21a left shows the
modified front crotch part and belt length of thagttprn (increased to the red),
and the pressure is lower than before and the metown at crotch part changed
to 32.8...41.2% (Figure 5.21b right). Figure 5.21shdws the back view, 2D
pattern and 3D simulation.

Figure 5.21e is functional/push-up type BoxersANerage deformation can
reach 32.5%. Combine with the basic underwear, \wwa eee that the
independent crotch piece makes the materials Btegtcrotch part with a very
good performance, outer thigh bottom is very godd the design of the

structure back line has a good support for theoblattower.
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Pattern front

a

q

Pressure diagram
Cc

Pressure diagram

Pattern back
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Pressure diagram Deformation diagram

b

Pressure diagram Deformation diagram

d

Figure 5.21 Underwear

simulations: a —

modify basic type Boxers | front part;-b
Boxers | pressure and defamation; ¢ — modify
Boxers | back part; d Boxers | pressure and
defamation; e- Boxers Ill defamation

The range includes five grades: 1 (very low presfawse/not fit at some

part), 2 (a little low pressure/fitta few loose), (Bomfort pressure/close-

fitting/tight), 4 (a little high pressureftight), figh pressure/very tight) to

evaluate the final score which was equal to theaeegrades measured in six

parts per underwear.

Table 5.4- The level of underwear objective evaluation

Levels 1 2 3 4 5
Scale | | | _ | .
Pressure, kPa 0.3 0.6 0.9 1.2 1.5

For example, Table 5.5 shows the average pressaie We measured

positions of the waistband, bottom girth and highg{include front insert and
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front upper thigh part), because of the pressuiferdnce at the hip girth, we
have added measurement pomtsdded into upper, middle and lower as shown
in Table 5.5 illustration. The average value of $hemeasurement sites is 1.08

kPa. That means: the level is above 3.

Table 5.5- The basic type Boxers | of underwear objectivesguee (example of
M size body wittM underwear)

. Front| _. Bottom| Waistband| Front
Pressure positions BUttOCk%high Sides girth qirth insert
Upper 1.07 1.56 0.64 0.44 2.10 (front) 0.85
PP ' ' ' ' ' (front)
Center] 1.06 | 1.02| 0.36 0.34| 270 (side)| 0 64 (side)
Lower | 0.63 1.15/ 0.90 0.28] 2.30 (back) 1.02
: : : : : (back)
Mean 0.92 1.24 0.76 0.35 2.37 0.84
S.D.,+| 0.25 0.28| 0.27 0.08 0.31 0.19

Figure 5.22 shows several examples of pressurgbdisons of underwear
and the rating evaluations. It is calculated by sneiag the different positions
of underwear, five grades are applied to evalulaée compression underwear
from low pressure to high.

As shown in Figure 5.22a and b, we can see thiditeise two groups (four
samples in each group), when the evaluation vatudess than “2”, the
underwear wearing experience will be loose at thgeu hip line. For example,
as shown in Figure 5.22a, thNE" size of the designed product is not suitable for
the human bod¥, but in other three groups on the right side, witherM body
wears thevl or M7, the evaluation values are during “2-4”, the puessand fit
degree is relatively good. This has preliminarichi@ved the purpose of tight
design of our underwear. But, as shown in FiguP2lh. the underwear M size

dressing on the virtual bodies with the same hrthgand different waist girth
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has a similar evaluation value about “2-4".

a
319 kPa
1.40kPa
b O kPa
Figure 5.22- Virtual evaluation of pressure Figure 5.23- Simulate on body

distribution with ease = -19%:-adifferent sizes  M7/SM and material pressure: Boxers
underwear oM body; b— same siz& underwear | without additional ease, 0%, -10%, -
on different bodies 19%

As shown in Figure 5.23, only high pressure exista/aistband part and
lower part of underwear (front insert bottom, clho&rea, and the hip area).

The simulated pressure value measurement excludeg factors, such as
human soft tissue, bone, knitted material, and sgwihread and so on.
Therefore, the virtual underwear style and size designed can match the
bodies well, we have verified that our underwesasigie methods and knitted
material simulation can achieve good virtual fikdhproducts. But the

practicability of the pressure value needs to bdigd in the next step.

5.3.5. Modeling the effect of push-up underwear ia virtual environment

At present, we cannot design the push-up (or gftthe soft tissues by
underwear) accurately without real check. So, theal detection can be used
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in parallel to draw conclusions about human tryegaluation.
This part of research is devoted to the liftingeets that were obtained by
two possible ways of functional underwear preseaby forming the both
virtual systems:
1) system "initial avatar + functional underwear",
2) system "deformable avatar + functional underiear
Such approach will help us to evaluate the effec®ss of the functional
design of the underwear, and to verify the lifteffect on the soft tissue of the
human body from the virtual perspective.
We used three softwatdakeHuman3DS MAXand CLO. MakeHuman
has been used to set virtual avatars with needesunements by adding the
“male genitals” plug in. We created the initial taa with basic body
measurements WG = 77.5 cm, HG = 95 cm, TG = 50T¢ra.criteria of virtual
model were set according to M size of male bodg @ame size as the final try-
on tester), in order to ensure the comparability.
The algorithm of initial avatar establishment ird#s the following steps.
1) create a basic 3D male body model and add the tajenmodel” by
MakeHuman

2) adjust some basic body sizes (WG, HG, TG...) in kvith the real
human body, and make genitals part in naturahigltate, adjust its size
to be approximately the size of Asians, near therage volume with
Asian male, this size can only be set by obserthegvisual size (Figure
5.24 a).

3) Export the file of initial avatar in “obj” format.

The algorithm of deformable avatar building incladde steps bpDS
MAX

1) Import model of initial avatar, lifting the “softssue”— adding push-up

effects according to a fixed value.
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2) Change the height and state of the genitals panpward state.

3) Change the height of the buttocks level.

Figure 5.24 b and ¢ show the movement and rotatidwirtual component”
positions, the algorithm of deformable avatar prapan in3DS MAX To get
the deformable avatar, we adjusted the largesiesati the push-up effects by
MakeHumann according with the previous research (see @najtin front 8.8
cm and in buttocks 1.1 cm (Figure 5.24 d).

Due to the limitations oMakeHumanit was impossible to simulate lifting
effect on male genitals. Therefore, we uSEdS MAXsoftware to adjust the
male genitals and change its position as the redidimulation of being lifted
effect. Because the “genitals part” considered aftweare as solid, non-
deformable and hard, it was difficult to simulate effect under the virtual
underwear after try-on. We are treating the virtmale genitals as a sphere with
the volume just completely cover the entire “gdait@art. For this limitation,
we have chosen the measurement method at the begirthis study and used
3DS MAX We build two virtual bodies in the same spacdthe yellow sphere
without push-up effect and the green sphere aftshipg up, the two spheres
are in same size, and we can see the “genitalsitiggppschanges from the
perspective (Figure 5.24 b, c, d).

The deformable avatar with predictable push-upceffes designed, which
should be got by means of functional underwearF#gsire 5.24 ¢ shown, we
can see the position of the two spheres repreggtii@ displacement of the
genitals, the green sphere after lifting looks mpreminent due to the pubic
bones and hold the whole genitals part make thghtlyi together. We can also
see the buttocks upper and looks firmer. Theretbeelifting effect not only has
a good support or wearing comfort for the male,dsd produces a good visual
effect — highlighting the male gender beauty.
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Plug-In Options Adjustthe size of lowertorso

Al

c d
Figure 5.24- Screenshots (MakeHumarafter designing of initial avataa); front views of
avatars with genitals parts as spheres named iAitigyellow) and deformable A2 (green)
3DS MAX (b)profile views of nude avatars before and afténly (c); the overlapped
profiles and comparison of the prup value ¢)

Before virtual tr-on of the same functional underwear, we created
avatars as Figure 5.24 d shown: initial aviAl with the genital natural fall ar
buttock shape; deformable avaA2 with the genitals lifted in 8.8 cm and t
buttocks lifted in 1.m.

Subsequently, we conducted virtual-on experiments with underwear
Boxers | and Ill- basic Boxers | without pu-up functions and function
underwear Boxers lll with the same eases. Wed teelenitted materiaT2
with good elasticity, largehickness and 1st levélP (highest) for testing to se
the strongest pushp effect. A simulation experiment of the virtuahitked
material performance witCLO was completed.

Figure 5.25 shows the virtual -on tests, the virtual underwear with be
style and functional style (with pu-up effect) dressed on two body modAl
andA2.
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Initial avatarAl + basic type Initial avatarAl + Deformable :
underwear functional underwear functional u
a b

Figure 5.25- Virtual systems “avat-underwear” in CLO: & ini
underwear Boxers | without pL-up effects, b- Initial avatarAl + und
push-up effects, € deformable avateA2 + underwear Bxers 111 w

Figure 5.25 a shows the avaAl wearing the basic
without design puship effects. After opening the “press
can see that trgn performance is normal, there is no hit
value distribution is lower than the middle of thessure
waistband/anterior superior iliac spine, the upment of bu
genitals bottom have higher pressure near 0.72%.KPa

Figure 5.25 b shows thnitial avatarAl wearing the f
Boxers Ill designed with pu-up effects in front and b
underwear Boxers Il produced the pushing up effectde
buttocks belowHL. Because the virtual avatar ised an
parts are under large pressure 1.78...3.15 kPaeflne, th
reflecting the predicted effect of underw

Figure 5.25 ¢ shows the results when the avatams
the sizes were adaptedter applying the maximum push-
clearly see that the red large pressure area dtathem of t
smaller. Due to preparation of avatar, the gendals$ butto
no gravity effect, but there is still th pressure on two pa
buttocks. That is to say, after the male genitals lbeen lif
additional material pressures still give this dE$ue a goo
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comparative observation of the buttocks part, thesgure value also changes
smaller. Similarly, there is a pressure value riearstructural line to continue to
support.

Moreover, MakeHumanand 3DS MAXcan accurately build and adjust
male body model an@LO software can simulate real knitted material propsr
very well. Subsequently, we through about the pctida of virtual underwear,
try-on test, and the simulation of functional effedt can be also seen from the
simulation that the apparent wear effect change$ @easure the virtual
pressure value. However, the wearing comfort ofeuwear cannot be tested by
simulation accurately, and only can be judged basedhe pressure and the
degree of deformation of the fabric. Moreover, dte the solid-state
characteristics of the body model, the test res(issh-up value) of the
functional effect are also unknown from the simolat The comfort level of the
human body can be improved when the proper pressuymovided at the soft

tissue.

5.4. Experimental verification

5.4.1. The establishment of differences between s of different types

We have made two pieces of Boxers | prototype nyd&, — 2™ level of
CP index (high pressure), with the median thicknesd aommon composes,
and the maximum acceptable elongatior 19%. Used the method of “mass
production drawing mode” following Table 5.2, ame&m wearing on the bodies
S'/SS M/SM We named them as “B1” and “B2” for next step ekpent. And
we can see them in Figure 5.26.

As for this comparison, firstly, we can see thetpbmf underwear Boxers
| with the additional ease 0% (Figure 5.26 a, thmleft), and -19% in the right.
Two samples with 0% have looser and less suppoftinfront and back. But,
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another sample withl7% design ease have more tightly felt, it can lell

accepted, and have some folds in front insert adesbuttocks lowe

=

c d
Figure 5.26- Comparison of finished Boxers | and-on, with the ease 0
and 19%: ¢, b— “B1” size of S'/SS ¢, d- “B2” M7/SM

Through two males t-on experiment, in total, they prefer the Boxe
with ease of 19% and advise that the ease value can be desyunaa -
19...0%, with not very tight subjective feelings. #&bnt insert,this part has
good supporting but not spacious (insufficient \atti space) because of t

basic front insert structul
5.4.Z. Evaluation of the push-up effect

After, we used the different of four kinds knittethterials inFigure 5.27
(areT.:— 2nd level ofCP index; T, — 1st level ofCP index; T — 3rd level ofCP
index; Ty; — 2nd level in warp, 3ilevel in weft of CP index). Four materials i
different styles, with goc elasticity, common materials used in the mar
Boxers Ill with the samE (ease were taken the meanli8%), and named the
as “Ul, U2, U3 and U4”. We use the same e«+19%" to make a test. Tl

dressing figures in static postureshown in Figure 5.27.
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C d
Figure 5.27- Underwear made of 4 kinds materials: ‘@J1” with T;; b—“U2”
with T,; ¢—“U3” with Tg; d— “U4” with Ty,

As for this comparison, firstly, we can see thetpbmf underwear Boxers
[l with the additional ease -19%. But dependingtio® thickness and density of
the 4 knitted materials, samples “U1” and “U3” aneich easier to get folds
below the buttock. The knitted material of “U2” hdse smallest shrinkage
during stretching, about 0.07% shrinkage for perstfétched; the shrinkage of
other 3 materials during 0.13...0.67% for per 1#tshed. So, we can find the
“U2” has aconcave down at the bottom line in the profile. “Uvhs the larger
shrinkage value, so, this underwear looks shorter.

Subsequently, in order to compare the push-up teffeihe underwear, the
3D scan profiles of the lower torso as shown iruFegs.28. The first one is the
tester's own underwear, his own Boxers is venyttigthers 3 (B2, U2, U4) are
our designed Boxers. We can see that the valuar@&’significantly different.
The U4 & U2 have the higher front and buttocks IevBue to the difference in

fabric properties and structural design, the pysleftect is also different.



Figure 5.28- Torso soft

Subjective asse:
the following ratings
(general), 2 -uncon
instructed on the rul
25...27 years.

Comfort conveni
squatting at different
with alternating long
sensations arising: i
genital area (front in
underwear: materiabt
in various postures:
subjective feeling as

In totally, we cal
wearing feeling anc
underwear can prov
uncomfortable feeling
of the *“lifting leg” an
worse than static feel

Through our try
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choose the Boxers in the order from like to disliké2”-“U3"-“U4"-“B2"-
‘B1"-“U1".

- The “B1” and “Ul1” without tight feeling, because tife soft and thii
knitted material properties. Moreover, materiT, and T, have lowWT
(tensile energy), but lowesRT (tensile resilience) and IowRC
(compressive resilience) by KES, that means theve the common
stretch elasticity, but poor resilience, thick hatd feeling

- “U4” made of tight, hard ar thick knitted material, so this Boxers Ill h
a little tight when the tester wearing it. “B2”hssic type and basic insi
piece, it cannot makthe male front soft tissue feel relax

-“U2” and “U3” have good performances in -on test in static an
dynamic conditions; “U3” can be designed more tighMoreover,
materialsT, and T have the good indexes of smallégt, largestRT and
largest RC by KES, that means they have g stretch elasticity,
resilience (easy to stretch, and very good forveng, thick fluffy and

not stiff feeling. MateriaT, has the best parametersEMT.

a b c d
Figure 5.29- Actions for dynamitest: a- setting; b- stride (walking); ¢- squatting; d-
lifting leg
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Holistic rating of subject evaluation

Underwear

Bl

B2

Ul u2 U3 u4

Scores

3.7

3.8

3.1 4.9 47| 4.4

Figure 530 - Subject evaluation diagram

5.4.4.Pressure measurement and verification of virtual pessure

Pressure sensors have also measured for the wbjéet. The methods

and test points as showedFigure 5.31 The measured values as shown in

Figure 5.32.

Figure 5.31 Pressure measured on Box
and | and lll: a positions (on the structur
line); b— standing and dynamic test ste
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Figure 5.32- Average pressure values measured from Boxers llarzd- waist position; b-

hips and front thighs; € thigh bottoms

Compare with the simulated pressure results of aureatents and body in
Figure 5.32. Boxers | is simulated with the ea$k.-0%, the samples for try on

tests are made of ease -19% (different to measassyre in ease equal to the 0).
The average values of some body parts in the sfstimding) and dynamic
conditions of virtual model simulation and real Bddy-on as shown in Table

5.6.

Table 5.6- Virtual and actual pressure comparison, kPa

Measurement| Waistband Hip Bottoms
Virtual standing 1.36...2.57| 0.73...1.38 0.85...1.77
Boxers | | Real standing| 2.89...4.440.22...0.87 0.23...0.96
Real squatting 5.14 1.41 1.63
Virtual standing 1.76...2.84 1.84...2.13 1.15...2.28
Boxers lll| Real standing| 3.37...4.790.38...1.14 0.40...1.23
Real squatting 5.98 2.19 1.52

According to the comparison in Table 5.6, the pressalues of the virtual

and real are different, but the difference is ravgé, the virtual design of the
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underwear is closer to the real pressure rangddald be noted that the push-
up style underwear produce higher pressure valu#seathree positions. The
virtual pressure is smaller than the real measatetie waistband, but greater
than the real pressure at the hips and bottom/tmdtich is due to the

characteristics of the soft tissue of the humanyped that the real measured

pressure value is small.

5.4.5. Check the theoretical and actual pressure hees

As for the equations we have mentioned before endapter 4, we also
checked this predict evaluation of the pressureieslprovided by knitted
materials of the Boxers | and lll, all Boxers amsigned with ease -19%, the
average of predicting pressure values are higlaer tille measurements, but only
0.22 kPa (in Table 5.7).

As can be seen from the test results, the fundtidesign, characteristics of
knitted material affect the scores (good feeling tiy-on). T,, Ts have good
elasticity (smallesWT, largestRT and largesRC in KES results). And knitted
material thicknesslTg thick, Tg thin) does not affect the pressure value.

Table 5.7- Mean of pressure values by measure and prediat, kP

Samples’ , PredictingP Avg.

matgrial MeasuringP Eqg. (4.10) gIIJEq. (4.8) differgnce
Ta 1.18 1.88 1.86 +0.69
T, 1.29 1.93 1.92 +0.64
Ty 1.11 1.81 1.82 +0.71
Ts 1.19 1.90 1.88 +0.70
Tu 1.28 1.94 1.92 +0.65
Mean 1.21 1.89 1.88 +0.67

After comparing the predicted pressure value whith iteal one, we found

that the values calculated by the two preferrechegns are greater than the real



pressure value, whicl
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during movements. But nevertheless, it is possiblepeak about the similarity
of the middle lines in the well-known drawings ahe line from the developed
BPB, their proximity to the analogues from the dasiof the trousers.

2. The middle line of the front in the BPB and tkeown methods are
completely different. In the prototypes, their dgsis not structured.
3. The configuration of the insert in the develop&B has no analogues among
known prototypes.

Thus, the visual analysis of the developed BPB lamolwn prototypes

showed their absolute dissimilarity.

5.4.7. Production inspection

The test certificate is placed in Appendix VI.

Summary of chapter 5

1. A method for designing and grading men's undarweas been
developed, based on new dimensional features a&deteloped scheme for the
classification of the lower parts of male bodies.

2. Experimental verification of a new design metheak carried out by
constructing underwear (boxers) for various purpeswithout deforming soft
tissues (boxers of type I) and with deformation sofft tissues, with their
compression and upward movement (boxers of typeTHe method of sensory
analysis confirmed the correctness of the corrastoéthe design decisions.

3. The influence of indexes of the physic mechdrmoaperties of knitted
materials on the sensations of comfort has beehestult is established that the
best feelings arise when using materials with low Vdlues, and high RT and

RC values. This ensures good elasticity under derasnd elasticity.
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4. The possibility of computer simulation is shoamd proved to change
the morphology of the lower parts of the bodies tmdarry out the fitting of
underwear in computer programs MakeHuman, 3DS MAXH &D CLO.
Classification of male bodies and sizes of underweere tested using 3D
modeling technology. From the standpoint of engutite necessary pressure on
soft tissues and deformation of the material amdpbssibility of adjusting the
original 2D drawings.

5. It is shown that the convergence of experimesmal theoretical results
can be maximally achieved by introducing a coroectactor.

6. The developed method of constructing boxers tnaassferred to the

enterprise ZOZH (lvanovo) for the release of aneeixpental batch.

RESULTS OBTAINED

1. The main directions in changing the anthropom@r@nd aesthetic
features of the lower part of the torso of maleiegdachieved through artistic
and constructive solutions of men's underwear,utgioly the positions of
contour lines relative to the anthropometric levels the body, overall
dimensions, design of lines of internal divisiomeTranges of the position of the
contour lines of underwear on the surface of mabhids are determined.

2. On the basis of an expert survey of a large g@uconsumers from
different countries, their preferences regarding #xisting range of men's
underwear were established and the main probleisiagfrom its purchase and
operation were identified, which made it possileattualize the content of
scientific research.

3. A new nomenclature of dimensional features hasnbdeveloped,
necessary and sufficient for describing the antbmogrphic features of male

bodies with initial shape and after it has been ifreml under the influence of
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the mechanical effect of compression underwear, atsb suitable for
calculating design parameters and building drawikgs the first time, typical
cross sections of between the right and left pafrtee male torso in the middle
sagittal-plane were obtained.

4. Experimentally determined boundaries of sectmfrthe male body, for
which it is possible to design the maximum levelsbbrt-term compression
pressure of soft tissues by clothes.

5. A new index of compression ability for knittedbfics has been
developed, which characterizes their ability toateemaximum pressure on the
soft tissues of the body, depending on the degrearmowing of the underwear
relative to the body girth.

6. Equations are obtain for predicting the compoesgressure under
stretched textile shells and checking the sufficyenf the chosen structural
additions to achieve the required pressure.

7. The boundaries of soft tissue correction forar@dies front and back
were experimentally established and an algorithmctamputer simulation of
targeted shape changes on digital twins of bodidsuaderwear was developed.

8. A new methodology for designing men's undervaa been developed,
based on new dimensional features and gradatioensghimplemented in

traditional and computer-aided design.

RECCOMENDATIONS, PERSPECTIVE OF FUTURE DEVELOPMENT

9. The results of the work are recommended to bd usthe educational
process of universities that train bachelors andtena in the direction of

“Designing products of light industry” and CAD déopment.
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10. In the future, the design concept of tightffgtmen's underwear can
be improved in terms of adapting to the medicalresziive and sports areas by
structuring underwear and targeted pressure disii.

11. It is promising to use body scanning techn@sdgio obtain more
accurate anthropometric information, describe molqdical differences, and
develop a labeling scheme for underwear.

12. The results of the work can be used in the f¢lpractical artistic and
industrial design, education and advanced traifarga qualitative change in
existing concepts and the development of new, aligédtion-oriented

economies.
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APPENDIX |

The results of analytical reviews, expert estimatesnd
statistical processing chapter 2

Table I.1- KMO and Bartlett's Test and Total Variance Expén

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.89
Bagle;t's _T_est of Approx. ;cm-Square 90;659
phericity Sig. 0.00
No. Initia! Eigenvalues . Extraction Sum§ of Squared Lo.ading
Total | % of Variance| Cumulative % | Total | % of Variance| Cumulative %
1 5.08 42.29 42.29 5.08 42.29 42.29
2 1.32 10.99 53.28 1.32 10.99 53.28
3 1.02 8.47 61.75 1.02 8.47 61.75
4 0.76 6.31 68.05 0.76 6.31 68.05
5 0.67 5.61 73.67 0.67 5.61 73.67
6 0.59 4.87 78.54 0.59 4.87 78.54
7 | 057 4.71 83.24 0.57 4.71 83.24
8 0.51 4.27 87.51
190 832 zié 3111:735 iﬁggc;tii;)n Method: Principal Compone
11 | 0.36 3.03 97.81 '
12 | 0.26 2.19 100.00
Table 1.2 - Rotated Component Mattix
Component
1(Xs, X1, Xg) | 2 Xi2u Xp) | 3 Kgu Xg) | 4 (Xy11 Xg) 5 (Xo) 6 (X7) 7 (X10)
X1 0.84 0.14 0.13 0.26 0.09 0.05 0.07
X2 0.31 0.79 0.08 0.01 0.19 0.16 0.07
X3 0.43 0.08 0.28 0.58 0.26 -0.07 0.17
X4 0.59 0.13 0.13 0.18 0.36 0.31 0.20
X5 0.87 0.14 0.09 0.12 0.11 0.05 0.17
X6 0.22 0.08 0.18 0.19 0.90 0.02 0.09
X7 0.11 0.22 0.23 0.09 0.02 0.91 0.03
X8 0.09 0.07 0.91 0.01 0.14 0.13 0.06
X9 0.22 0.24 0.67 0.32 0.09 0.20 0.15
X10 0.25 0.12 0.14 0.20 0.11 0.04 0.92
X11 0.24 0.22 0.07 0.83 0.14 0.16 0.16
X12 0.03 0.84 0.14 0.24 -0.05 0.11 0.07

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 6 iterations.
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Table 1.3—- The distribution of underwear styles preferenégs,

Age groups
Types >25 25.35 | 35.55 >55 | o@
1 2 3 4 5 6
Briefs 18.5 20.7 18.4 30.4 16.7
Trunks 21.4 26.4 23.0 16.1 28.1
Boxers 19.4 20.2 19.5 17.9 17.5
Boxers (loose-fitting) 21.0 24.4 24.1 23.2 18.7
Jockstraps 14.5 7.3 9.2 14.3 5.2
Bikinis 11.7 10.3 13.8 8.9 3.3
Thongs 14.9 17.1 14.9 5.4 10.4
Very close-fitting 12.6 19.8 5.3 16.1 26.7
Close-fitting 33.3 36.7 26.3 11.3 38.5
Regular 32.2 25.1 34.6 24.2 24.6
Loose-fitting 21.8 18.4 33.8 48.4 11.1
Table 1.4— The comparison of preferences and ownerships piiopp%
Underwear Chinese French Russian Indian
Types Prefer Own Prefer Own Prefer Oown Prefer ow
1 2 3 4 5 6 7 8 9
Briefs 15.8 20.1 8.1 24.7 5.7 20.3 16.7 18,
Trunks 25.3 22.2 5.4 16.0 71.4 37.5 50.0 27
Boxers tightly 12.4 17.6 78.4 29.2 11.4 12.6 16/7 8.21
Boxers looselyy 17.9 13.5 6.8 12.4 8.6 18,8 0.0 9
Bikinis 3.2 4.4 0.0 2.3 0.0 0.0 0.0 0.0
Jockstraps 5.0 55 1.4 0.0 0.0 0.q 0.0 18.
Thongs 10.3 8.0 0.0 0.0 0.0 0.0 0.C 0.0
Others 7.0 - 0.0 - 0.0 - 0.0 -
Do not wear 3.0 - 0.0 - 2.9 - 16.7 -
Swimwear - 8.7 - 15.1 - 10.9 - 9.1

Table 1.5- Cross-tabulation of Chinese respondents’ prefesBoxer-brief8oxer-shorts), %

Preferences Very dislike Dislike Genera Like Véke
Teenager 20.0 0.0 0.0 60.0 20.0
20.0 40.0 20.0 20.0 0.0
1.6 14.5 25.8 50.0 8.1
20...25 1.6 6.5 32.3 43.5 16.1
Age 26.. 35 0.0 121 27.6 50.0 10.3
groups 6.9 10.3 29.3 43.1 10.3
0.0 5.3 29.3 53.3 12.0
36...55 1.3 6.7 41.3 37.3 13.3
-55 0.0 0.0 0.0 75.0 25.0
0.0 25.0 0.0 50.0 25.0
Total 1.0 1.0 9.8 26.5 52.0
3.4 3.4 8.8 33.8 40.7
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Features Chinese French Russians Bangladeshi
1 2 3 4 5
Very close-fitting 31.3 8.1 0.0 0.0
Close-fitting 34.5 52.7 56.7 60.0
Regular 21.5 35.1 43.3 20.0
Loosely 12.8 4.1 0.0 20.0
Seamless 27.9 12.2 26.7 20.0
Few seams 38.3 20.3 36.7 80.0
Many seams 16.2 0.0 3.3 0.0
Unclear 17.7 67.6 33.3 0.0
Table 1.7 — Summary of research results
No. Pressure range (value) at different part, kPa Comortable Researcher
mean, kPa
1 2 3 4 5
1 Body 1.19...3.19 2.68 M.J. Denton
2 Body (soft sites) 1.99...4.39 - H.P. Giele
3 Waist 3.18...6.37 - O. Shizue
4 Waist, thigh 4.00...5.33 2.46 (Waist) H. Makabe
5 Waist, thigh, hip 0.80...1.30 - N. Ito
6 body 1.99...3.33 - D. Tanaka
7 Hip, thigh, calf 2.40...3.09 1.08 T. Tamura
8 Torsos, biceps - 2.26 T. Kobayashi
9 Bust, waist, hip 4.95...4.98 - M. Sato
10 Calf, mid-calf 2.10...3.70 <4.50 T. Toshiyuk
11 Waistband, thigh, knee i;gggg 2.22...3.00 L. Mingxia
12 body 0.32...1.46 - J. Ziming
13 lower limbs 0.04...0.17 - X. Meiling
14 lower limbs 0.40...2.50 - Y. Pei
15 Abdomen, hip 0.72...1.27 0.72...1.75 L. Yaping
16 Abdomen 0.88...1.07 - L. lulu
17 abdomen, hip, thigh, calf 0.96...1.84 - L. Yao
18 Mid-waist, hip, thigh 2.30...3.89 3.89 G. Lei
19 Waist, hip, crotch, leg 2.00...3.70 - J. Erfan
20 body 0.29...1.49 - J. Zhennan
21 arms - 2.29...3.41 Z. Lin
22 Hip, thigh 0.4...1.29 - L. Huashan
23 Bust, waist, hip, shoulder 0,28...1,21 - G. Mengna
gq | Under b“Sti(r"]‘;a;St’ hip, thigh, | 41 193,55 i I. Tislenko
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The results of statistical and graphical analysisfanale figures

Table 1l.1 Correlation coefficient between new aradlitional measurements

Correlation coefficient / sig. Number of
Additional Traditional body Primary measurements r for
measure- measurements strong
MENS | we | He | oL | we | HB, | GF, | APY: 4 &/v.; He | Ts refht;gn'
D H
1 2 3 4 5 6 7 8 9 10 11 12
0.05| 0.11 | 0.09 | 0.08| 0.15| 0.30 | -0.06| 0.13 | -0.03| 0.24 0
AGW 0.67 | 0.28 | 0.39 | 0.46| 0.14] 0.00 0.5 0.23 | 0.51 | 0.88 0
AWH 0.07 | 0.08 | -0.14| 0.50 | -0.42| -0.24 | -0.22| -0.21 | -0.12 | -0.26 2
0.51| 048 | 0.19 | 0.00| 0.00f 0.02 0.0] 0.05| 0.49 | 0.11 2
A(Hg - -0.25| -0.01| 0.03 | 0.26 | 0.26 | 0.16 | 0.13| 0.24 | 0.16 | -0.02 0
We) 0.01| 089 | 0.81| 0.01| 0.01] 0.13 0.27 0.01 | 0.03 | 0.38 0
AF 0.09 | 0.17 | 057 | -0.13| 0.13| 042 | 0.36 | -0.03 | -0.22 | -0.43 4
0.41| 0.09 | 0.00 | 0.20| 0.74] 0.00 0.0( 0.78 | 0.22 | 0.01 3
4B 023 | 0.24 | 052 | 0.13| 0.37 | 040 | 0.36| -0.11| 0.19 | -0.20 4
0.09 | 0.17 | 0.00 | 0.01| 0.00{ 0.00 0.0( 0.28 | 0.28 | 0.26 4
0.32 | 049 | 0.22 | 0.14| 0.29 | 028 | 0.25| 0.34 | 0.29 | 0.14 2
BR 0.00 | 0.00 | 0.00 | 0.23| 0.22] 0.00 0.0( 0.00 | 0.34 | 0.15 6
Navi, -0.05| 0.16 | 041 | 022 | 0.36 | 0.14 | 0.13 | 0.40 | 0.19 | 0.32 3
0.59 | 0.09 | 0.00 | 0.21| 0.00{ 0.00 0.0¢ 0.00 | 0.29 | 0.07 5
-0.08| 0.12 | 0.22 | 0.14| 0.29 | 0.28 | 0.25| 0.34 | -0.07| 0.16 1
GFx 0.52 | 0.37 | 0.08 | 0.27| 0.02] 0.03 0.0y 0.01 | 0.00 | 0.10 1
cr. -0.05| 0.16 | 0.20 | -0.16| -0.04| 0.19 | 0.15| -0.13| -0.03| 0.51 0
059 | 0.09 | 056 | 0.04| 0.00f 0.18 0.2] 0.00 | 0.12 | 0.04 2
he 0.03 | 0.16 | 0.57 | -0.14| -0.04| 0.46 | 0.47 | -0.03| -0.46 | 0.25 4
0.84 | 0.23 | 0.05| 0.17 .010{ 0.01 0.0] 0.17 | 0.07 | 0.69 0
b 029 | 0.21 | 0.52 | -0.27| -0.44| 0.39 | 042 | -0.11| -0.20| -0.21 4
0.00 | 0.02 | 0.04 | 0.14| 0.73] 0.07 0.1y 0.17 | 0.07 | 0.86 1
cL. 0.06 | 0.20 | 0.94 | -0.08| 0.12 | 0.65 | 0.64 | 0.31 | -0.05| 0.05 3
0.57 | 0.05| 0.00 | 0.44| 0.25 0.00 0.0( 0.00 | 0.94 | 0.78 4
Cla 0.17 | 0.26 | 0.94 | -0.17| -0.15| 0.63 | 0.63 | 0.26 | 0.09 | 0.09 3
0.10 | 0.01 | 0.00 | 0.10| 0.16] 0.00 0.0( 0.01 | 0.11 | 0.64 3
NV (-8) 050 | 0.46 | 0.13 | -0.16| -0.27| 0.25 | 0.23 | -0.06 | -0.21 | 0.12 2
0.00 | 0.00 | 0.24 | 0.29| 0.02] 0.01 0.0 0.85 | 0.90 | 0.39 2
NTe(CrL, | 0.02 | 0.06 | 0.04 | -0.09] -0.10| 0.02 | -0.05| 0.07 | 0.03 | 0.10 0
0°) 0.86 | 052 | 0.71 | 0.38| 0.33] 0.86 0.6¢ 0.46 | 0.26 | 0.89 0




Plot of WG

Plot of Abdp

Plot of4F

Table 11.2 - Statistics of waist part by SPSS, cm

Plot ofCry

Plot of GFp

Plot of HG
Figure 1.1 Normal distribution plots of body measments
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Plot ofNavy

Plot ofhg

Plot ofHH

Plot OfA(WH - HH)

Plot of CLr

Plot ofA(Hg - W)

Plot ofBR

Plot ofAGW

Primary data Additional data

We Cry Navy A(WH - HH)

Min. 63.5 65.3 91.4 17.8

Descriptives Max. 93.3 90.9 117.4 26
Mean 76.24 77.5 102.57 21.51

SD., + 6.81 5.26 6.27 1.66

Q: 72.7 73.5 98.2 20.3

Percentiles Q2 76.1 76.8 100.5 21.5

Qs 82.8 80.8 106.7 22.7

Statistic for c_:on_troll_lng the 013 0.42 012 0.99

normal distribution

Table I1.3- Statistics of the bodie front by SPSS, cm

Primary data

Additional data

BR Abdp GFp he CLe AGW | 4F

Min. 24.7 41.3 40.9 -4.4 35.1 -2.9 5.7

Descriptives Max. 35.4 52.3 52.7 8.7 48.1 2.8 13.6

Mean 3151 | 46.01 | 46.82 | 3.13 | 4051 | 0.49 | 941

SD., % 1.94 2.41 436 | 2.86 | 2.57 0.68 | 1.52

Q: 29.7 44.4 447 | 1.65 | 40.2 0 8.3

Percentiles Q: 31.4 45.4 46 3.5 41.6 0.5 9.5

Q3 32.7 47.1 476 | 495 | 435 1.1 10.7

Statistic for controlling the | - 1, | g | 045 | 0.09 | 041 | 0.18 | 0.54
normal distribution
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Table I1.4— Statistics of the bodies hip by SPSS, cm

Primary data

He WBy HBp Hy
Min. 82.8 22.4 20 75.1
. Max. 114.1 31 25.8 99.4
Descriptives
Mean 94.24 25.08 21.24 86.56
SD., + 55 1.57 1.53 4.86
Q 91.8 24.05 20.1 82.95
Percentiles Q2 94.5 25 20.5 86.9
Qs 97.9 26 21.75 89.95
Statistic for c.on'troll'lng the 0.11 0.05 0.05 0.24
normal distribution
Additional data
Clg hy AWH AB A(Hg - We)
Min. 34.1 4 1.1 3.6 8.4
L Max. 45.8 13.2 8.8 14.5 28.5
Descriptives
Mean 38.69 9.59 3.88 7.59 18
SD.,+ 2.2 1.73 1.15 1.46 4.26
Q 37.9 8.3 2.7 6.4 14.35
Percentiles Q2 39.9 9.6 4.1 7.5 17.65
Q3 41.7 10.75 4.85 8.6 20.8
Statistic for c.on'troll'lng the 0.81 0.13 0.15 0.1 0.4
normal distribution
Table I1.5 - Statistics of the hip part measureradiyt SPSS, cm
Primary data Additional data
Tc HsL TsL CrsL
Min. 44.6 19.8 30.3 27.95
L Max. 66.7 26 40.6 35.95
Descriptives
Mean 54.18 22.52 35.1 32.33
SD.,+ 4.01 1.6 2.52 2.1
Q1 53.13 21 32.08 28.4
Percentiles Q2 55.25 22.05 36.3 33.8
Q3 58.03 23.4 40.2 34
Statistic for (l:on'troll'lng the 0.15 0.4 0.85 0.77
normal distribution
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Table 11.6 - Examples of male body from small togka

S/SS S/MM SILS
S'/SS SIMM M/LS
M/MM L/SL L/ML
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Figure 11.2— Profile sections of bodies’ torso

Figure 11.3— New waist girth from -1 to -20 cm below naturalistdevel, cm

Figure 11.4— New thigh girth at O to 60 degree and from -1110 em
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APPENDIX III

Table lll.1Underwear knitted materiaT;... T

Male body pressure test results and knitted materila elongation result:

No.| Sample / enlarged Contents % Structur Dge/r;;zlty,
1 2 3 4 5
40 combed long-staple
cotton @09, : :
Single rib,
T1 gg Egai‘ﬁd flax, warp knit | 170 ... 180
5 spandexZ0D) (Pique)
mixed
50 Acrylic (32s/)), a
45 Lenzing Viscos Interlock rib,
T2 5 spandex30D) weft knit 350 ... 360
mixed
92 corgbed Lenzing
Modal” (80s/J), Interlock rib,
T3 8 Asahi Kase? weft knit 300
spandexZ0D)
30 combed flax
(70s/2, . :
T4 65 long-staple cotton S\/\I/Zz?tlekrzlillj’ 170 ... 180
5 spandexZ0D)
mixed
45 LenzingModal® . .
’ Single rib,
T5 %fo‘;)ombed cotton warp knit | 170 ... 180
45 cotton 329 (Pique)
47 combed cotton
(409, Single rib,
T6 47 LenzingModal®, weft knit 110 ... 120
6 spandexZ0D)
93 Lenzingmicro Sinale rib
T7 Modal® (509 ot kit | 165 ... 170
7 Lycra® (20D)
65 Lenzingmicro
Modal® (609 Interlock rib,
8 35Asahi Kasél weft knit 170.... 180

spandexZ0D)
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Finish table I1l.1
1 3 4 5
Coolmax’
(609/combing silver- | Double layer
™ ion (100D/144Fdraw mesh plai 150 ... 160
textured yarn) mixed
75 Lenzingmicro
Modal® (609 . .
T10 20 long-staple cotton Single ”.b’ 200 ... 210
weft knit
(809
5 spandexZ0D)
T11 97 polyethylene, Single rl_b, 170 ... 180
3 spandex weft knit
60 Viscose, Interlock
T12 35 polyamide, : 200 ... 210
plain
5 spandex
90 polyethylene, Single rib,
T3 10 spandex weft knit 260 ... 270
60 Viscosé, Interlock
T14 35 polyamide, : 170 ... 180
plain
5 spandex
T15 95 Viscos€, Plain, weft | ..o 10
5 spandex knit
T16 100cotton P'a'i?r'“‘t"’arp 200 ... 210
82 cotton, Single rib
T17 15 polyester, ge b, | 500 ... 210
weft knit
3 spandex
Plain,
T18 95 polyethylene, Double knit, 260 .. 270
5 spandex warp anc
weft knit
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Table 111.2 Nomenclature of indicators measuredh®yKES-F system

Device Description Characteristic
1 2 3
Shear stiffness(rigidity), the slope of the sheggss curve G. affem.©
between shear angles of 0.5...2.5° and -0.5...-2.5° 9
KES-FB1 Elasticity for minute shear, initial difference tveen shear SHG. affem
(Shear) stress in deformation and recovery, at 0,5... -0,5° 9
Elasticity for large shear, at 5... -5° 2HGS5 gf/cm
Linearity of the stress/strain curve, the area utite extension
curve during deformation compared to the areaiafgle LT -
given by the maximum tensile force and the maximum '
extension
KES-FB1 Tensile energy (work done in extending the fabtiog, area WT,
(Tensile) under the extension curve in deformation gf-cm/cnt
Recoverability of fabric, the area under extensiorve during RT %
recovery as a percentage of work of extension 70
Percentage elongation at a set load, max. exteasivon0
L EMT, %
gf/lcm as a percentage of the original sample length
Linearity of compression stress/strain curve LC, -
Work was done in compressing the fabric WG
P g gf-cm/cnt
KES-FB3 . . .
(Compression Compressive resilience of the fabric RC %
Fabric thickness under the pressure 0,5 df/cm To, Mm
Fabric thickness under the pressure 50 gf/cm Tm, mm
Frictional coefficient MIU, -
KES-FB4 Mean deviation of coefficient of friction (Fluctuan of the
- . MMD, -
(Surface) frictional coefficient)
Surface roughness SMD, n
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Table 1ll.3— Average pressure value on mannequin, kPa

ce of pressure Pressure, kPa, under stretched material, %
m‘(e,i‘ig_ A {';e”t 10 15 20 25 30 35 40| Mean
P1, P1 0.215| 0.761| 1.471 1671 2162 3.923 4.728 2.133
P3, P3 0.611 | 1.198| 1.834 2588 2.746 3.124 4.500 2.372
P5, P5 0.180 | 0.696| 1.942 2256 3.128 3.696 5.604 2.500
P2, P2 0583 | 0.771| 0.998 1.062 1400 1513 1.716 1.149
P4, P4 0.162 | 0.718| 1.227 1920 2.228 3.180 3.377 1.830
P6, P6 0.231 | 0.678| 1.023 1583 1.696 2.382 2.802 1.485
Mean 0.330 | 0.804| 1.416 184y 2227 2970 3.788 -
Table Ill.4—- Average (materials) pressure value on body, kPa
Pma. Warpweft, kPa
NO- | Upper arm Lg‘r"’mer Waist | Waistband | Hip Thigh Calf
1 2 3 4 5 6 7 8
T1 2.00 2.10 2.15 2.00 1.72 2.05 2.10
2.05 1.91 2.19 2.10 1.74 2.15 2.05
T2 2.38 2.59 2.38 2.43 1.91 2.43 2.24
2.34 2.34 2.57 2.53 1.92 2.24 2.29
T3 2.29 2.24 2.29 2.19 1.53 2.33 2.34
1.72 1.76 2.10 2.15 0.93 1.95 2.10
T4 1.91 2.05 1.91 1.86 0.92 1.86 2.19
1.95 1.72 1.76 2.10 0.90 2.05 1.95
5 2.05 2.00 1.86 1.91 0.88 1.86 1.91
2.10 1.95 1.15 1.97 1.01 1.72 1.45
T6 2.24 2.10 1.05 2.10 0.97 1.11 1.43
2.10 1.95 1.15 1.97 1.01 1.72 1.45
T7 0.72 0.43 0.86 0.97 0.57 0.57 0.29
0.96 0.68 1.11 0.82 1.22 0.53 0.82
T8 0.43 0.29 1.00 0.72 0.36 0.57 0.43
1.14 0.43 0.57 0.86 0.50 0.57 0.71
T9 2.59 2.16 2.14 2.25 1.49 2.07 2.46
2.30 2.04 2.08 2.19 1.40 1.85 2.35
T10 0.57 0.57 0.72 1.42 0.72 1.00 0.43
1.27 1.07 1.22 1.16 0.72 1.00 1.42
T11 2.14 2.19 1.96 1.64 1.64 1.96 2.19
1.83 2.39 1.68 1.73 1.21 1.73 2.15
T12 2.57 2.57 1.86 1.86 1.72 1.89 1.72
2.25 241 1.65 1.55 1.64 1.69 1.70
T13 2.24 2.50 1.55 1.42 1.14 1.24 1.66
2.12 2.14 1.29 1.23 1.72 1.43 1.92
T14 1.91 1.86 2.00 1.86 1.43 1.86 2.19
1.95 1.70 1.75 1.29 1.20 1.82 2.19
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Table 111.5—- Average (materials) elongation value on body, kPa

Emax Warpweft, kPa

No. Upper arm Lg\r/vmer Waist Waistband Hip Thigh Calf
1 2 3 4 5 6 7 8
-16.7 -16.7 -16.7 -16.7 -18.3 -16.7 -18.3
T -16.7 -16.7 -16.7 -18.3 -16.7 -18.3 -17.2
-13.3 -13.3 -13.3 -15.0 -15.0 -13.3 -15.0
T -15.0 -15.0 -16.7 -16.7 -15.0 -15.0 -15.6
-15.0 -15.0 -18.3 -18.3 -20.0 -18.3 -20.0
T3 -16.7 -18.3 -18.3 -20.0 -18.3 -16.7 -18.1
T4 -16.7 -16.7 -15.0 -15.0 -18.3 -15.0 -18.3
-16.7 -16.7 -18.3 -20.0 -20.0 -18.3 -18.3
-15.0 -15.0 -15.0 -20.0 -25.0 -20.0 -18.3
™ -18.3 -15.0 -20.0 -20.0 -16.7 -16.7 -17.8
-16.7 -16.7 -16.7 -25.0 -30.0 -15.0 -16.7
Te -18.3 -16.7 -16.7 -18.3 -30.0 -18.3 -17.8
-20.0 -20.0 -20.0 -25.0 -25.0 -20.0 -20.0
v -25.0 -20.0 -20.0 -25.0 -30.0 -20.0 -20.0
-20.0 -18.3 -20.0 -20.0 -25.0 -20.0 -20.0
18 -25.0 -20.0 -20.0 -20.0 -30.0 -25.0 -18.3
-16.7 -15.0 -15.0 -15.0 -18.3 -16.7 -15.0
T -16.7 -16.7 -18.3 -18.3 -20.0 -20.0 -15.0
-25.0 -20.0 -20.0 -20.0 -25.0 -30.0 -20.0
110 -25.0 -25.0 -30.0 -30.0 -30.0 -30.0 -35.0
-18.3 -16.7 -18.3 -25.0 -25.0 -20.0 -18.3
T -20.0 -20.0 -20.0 -20.0 -30.0 -25.0 -20.0
-20.0 -16.7 -20.0 -20.0 -25.0 -20.0 -18.3
e -25.0 -25.0 -25.0 -20.0 -25.0 -25.0 -20.0
-18.3 -15.0 -20.0 -20.0 -20.0 -18.3 -18.3
T3 -25.0 -20.0 -25.0 -20.0 -25.0 -25.0 -20.0
-20.0 -20.0 -20.0 -25.0 -25.0 -20.0 -20.0
T -20.0 -20.0 -20.0 -25.0 -25.0 -25.0 -20.0




243

APPENDIX IV
Test results of knitted materials on the KES compbe and modeling

Table IV.1- Underwear compositions of international and Chenasnds

o)

Brand Composition, % Brand Composition, %
Unico 93 Cotton / Nylon, 7 Spandex; Id 47 Cotton, 47 Modal, 6 Spande
46 Cotton, 45 Nylon, 9 Spandex 95 Modal, 5 Spandex

. 90...95 Cotton, 5...10 Spandex;
2(x)ist 96 Modal, 4 Spandex Septwolves 95 Cotton / Modal, 5 Spandex
BOSS | 95 Cotton, 5 Spandex Miiow 95 Cotton / Vis¢@sBpandex
PUMP! | 94...96 Cotton, 4...6 Spandex Threegu%s”'95 Cotton / Viscose, 5...7
pandex
Diesel 94...97 Cotton, 3...6 Spandex; Your Sun 100 Cotton,;
57 Cotton, 38 Nylon, 5 Spandex 95 Viscose, 5 Spandex
) 47 Cotton, 46 Viscose, 7 Spand
Jockey 90...95 Modal, 5 To 10 Spandex; Jianjiang | 93 Viscose, 7 Spandex;
48 Cotton, 48 Modal, 4 Spandex
100 Cotton
45 Modal, 44 Cotton, 11 Spandex 95 Viscose, 5 Spandex
HOM 95 Cotton, 5 Spandex Langsha 100 Cotton
Calvin | 49 Cotton, 43 Nylon, 8 Spandex; .
Klein | 82 Polyester, 18 Spandex Nanjiren | 95 Cotton , 5 Spandex
Emporio | 49 Cotton, 41 Nylon, 11 Spandex ,
Armani | 95 Cotton, 5 Spandex Aimu 95 Modal, 5 Spandex
94...100 Cotton, 0...6 Spandex;
C-IN2 | 90...95 Modal / Viscose, 5 To 10 | Hongdou | 95 Cotton / Viscose, 5 Spande
Spandex

Table IV.2 Indexes of materials average result& B$-FB (WarpyVeft)

Item| T1

T2 | T3| T4 T5 Tq§ T7 T8

TP TI10

T

11

T2 113 T14 (TI®6 | T17| T18

0.55(00.4980.7960.4880.4360.350

0.147/0.121

0.192

0.230| 0.265

0.030

0.240| 0.120(0.27( 0.265|0.480 0.030

G

0.5480.4240.9060.5020.4760.35(0

0.103{0.112

0.186

0.280(0.235

0.080

0.240( 0.100|0.34( 0.235|0.39( 0.080

1.5220.866

1.3921.3741.5320.656 0.357| 0.283

0.429

0.030{0.388

0.550

0.250| 0.250(0.60( 0.388|1.157 0.550

2HG

1.6640.848

1.97Q01.2461.6980.622 0.328| 0.275

0.364

0.130( 0.050

0.350

0.110( 0.150|1.00( 0.050(0.980 0.350

2HG

1.5020.988

1.5741.4321.48§0.644 0.307| 0.282

0.429

0.200| 0.050

0.550

0.400| 0.200(0.63( 0.050|1.237 0.550

5 |1.5980.904

1.71Q01.2821.6980.614 0.295| 0.269

0.401

0.300( 0.205

0.380

0.280( 0.130(0.98( 0.205|1.03( 0.380

0.411

0.501

0.4930.46(0.4510.430 0.953| 1.165

1.202

0.775|0.775

0.662

0.713]0.687(1.074 0.775|0.611 0.662

LT

0.4230.4570.6570.4450.4060.433

0.963| 1.092

1.129

0.795|0.784

0.570

0.742|0.584|1.25( 0.784/0.561 0.570

28.05
0

18.3323.3428.9(128.05

27.39

0 3.650

2.250

0 0 0 0

2.370

199.7(184.3(104.3(185.04178.4(
0

0 0

7,600 1881.3( 243.66 104.3(

0 0

23.73
0

32.8130.2338.9629.1§

34.63

0 5.350

4.100

0 0 0 0

5.52(¢

142.00137.5(0112.30192.7(165.7(
0

0 0

8.104 138.5( 435.52 112.3(

0 0

0

27.2148.4438.5127.8531.4741.91

72.60(64.44(

0 0 0 0 0 0

61.18

36.25(38.25(39.73(50.76(78.45(

69'7438.25C45'55

0 39.73(

RT
0

23.5645.0749.8121.0220.17

34.2¢
0 0 0 0 0 68.29060.75( 0

63.01

37.89(39.64(41.59(46.19(72.97(

64'5639.64(43'85

0 8 41.59(

27.28

EMT| 0

23.0840.8(025.1131.3§

25.31145.65104.44

0 0 0 0 0 0 0 0

15.77

106.07%

0 96.92(

105.05103.74141.2(
0

2863(:96.92( 16é1463.05(

0 0

31.65
0

27.8352.8440.9332.64

32.08195.06127.67
0 0 0

0 0 0 0 0

38.95

125.44

0 70.71(

102.84103.94165.7(46.84
0

70.17¢°%: "1

0 3 78.86(

0 0
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Finish of table IV.2

Item T1 T2 T3 T4 T5 T6 T7 T8 T9 T10
LC 0.336 0.389 0.309 0.327 0.354 0.33 0.298 0.317 0.399 0.286
wcC 0.272 0.309 0.170 0.213 0.256 0.23 0.277 0.249 0.256 0.250
RC 42.40 54.01 56.96 33.95 39.56 51.2 50.699 56.341 50.931 47.581
To 0.861 1.151 0.872 0.783 0.840 0.7 0.708 0.701 0.891 0.616
Twu 0.538 0.834 0.648 0.510Q 0.550 0.48 0.433 0.477 0.591 0.4179
0.194 0.252 0.206 0.194 0.334 0.247 0.249 0.233 0.243 0.232
MIU 0.205 0.217 0.191 0.325 0.224 0.2} 0.255 0.286 0.282 0.159
0.009 0.011 0.014 0.012 0.023 0.014 0.011 0.007 0.015 0.016
MMD 0.012 0.008 0.007 0.027 0.012 0.00 0.008 0.015 0.020 0.007
4.388 3.258 2.516 1.957 8.479 2.503 1.185 0.958 4.666 1.112
SMb 4.275 1.576 1.540 3.808 6.006 248 2.003 2.758 4.823 0.853
T1 T2 T3
T4 TS5 T6

T7 T8 T9
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T10 T11 T12
T13 T14 T15
T16 T17 T18

Figure IV.1- Graphs of testing matals under uniaxial tension &¢ES device (screenshots
graphical dependencies "tensile forc- relative elongation E" for materieT1-T18in the two
directions, upper warp / lower weft)
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Table IV.3- “Tension F” of the material&£(under 20% anBay). Warpweft,gf/cm

No. F(5) F(8) F(12) F(14) F(17) F(20) | F(Ema
1 2 3 4 5 6 7 8
1, | 1099 17.10 26.87 40.30 64.73 | 117.24 | 87.93
8.56 17.27 26.50 38.67 56.86 89.38 61.89
1o | 2541 73.03 190.21 44850 - - 44850
11.03 20.36 34.50 59.41 96.12 | 154.11 | 81.05
13 | 2465 36.89 50.78 63.67 80.05 | 101.05 | 83.74
17.71 28.67 38.84 49.86 59.06 71.58 63.71
14 | 1343 23.51 37.86 62.59 110.53 | 200.60 | 99.69
8.08 16.33 22.98 32.61 43.70 59.00 46.45
5 7.40 12.69 18.53 29.45 42.51 65.60 66.79
6.38 12.35 21.64 33.34 51.69 77.68 55.58
g | 1180 20.76 34.61 58.22 101.37 | 187.27 | 177.28
8.76 18.30 28.84 42.12 63.03 93.20 67.37
T7 1.82 2.40 3.64 4.72 6.12 6.78 6.45
1.76 2.14 3.29 3.92 4.69 6.61 6.12
T8 6.03 7.92 12.07 15.56 18.73 21.59 20.95
1.59 2.58 3.57 4.76 5.95 7.14 6.95
1o | 191 42.07 84.14 141.82 - - 195.42
14.29 30.16 68.26 82.55 115.85 | 161.59 | 125.48
110 | 317 4.76 7.14 9.33 11.33 13.50 15.82
4.17 6.35 8.33 10.32 12.70 14.68 14.88
11 | 912 14.68 20.63 22.78 35.32 43.26 44.45
14.29 25.79 34.53 45.24 56.36 71.44 83.87
T12 13.49 19.05 2142 26.19 30.23 33.79 33.79
19.45 25.74 31.18 36.29 41.73 47.83 55.30
T13 8.9 16.7 30.2 46.8 86.5 93.1 92.8
11.2 18.0 31.0 42.9 57.2 77.0 92.3
114 | 522 8.53 12.63 15.41 18.72 22.91 23.48
3.05 4.99 7.38 9.84 12.49 14.60 17.20
T15 3.14 4.87 5.4 6.98 9.18 10.32 -
2.24 3.97 4.50 5.46 7.02 8.17 -
T16 11.13 20.64 28.56 46.04 55.63 85.73 -
5.61 6.75 8.73 11.13 12.78 14.29 -
T17 7.14 7.93 11.37 15.87 20.63 22.25 -
6.49 6.58 7.11 9.92 11.25 13.89 -
T18 3.97 7.15 16.6 20.64 23.81 32.94 -
1.49 2.31 4.59 9.33 8.93 10.42 -




247

Table IV.4— Materials (10*10 cm) maximum test elongation ahdrkage (warfpweft),%

Max. test . 0 Max. test , 0
No. elongation, % Max. shrinkage, % No. elongation, % Max. shrinkage, %
15 10 15 2
T 15 10 Tu 15 2
15 8 25 36
T 15 4 T2 25 24
15 2 25 2
Ts 10 0 Tas 15 0
15 4 15 2
Ta 15 6 Tas 15 4
15 10 20 6
Ts 10 0 T1s 20 6
15 2 20 4
Te 15 0 T1e 10 0
15 30 20 10
Tz 25 10 T7 25 6
20 20 10 2
Ts 20 16 Tis 15 0
T 25 6 Mean 18.06 9.00
o 20 6 16.94 .33
25 6
Tao 20 2
Table IV.5- Correlations coefficient, upper is the Peargdower issig. (2-tailed)
“bold” strong correlation,” at significant level 0.1, at significant level 0.05
Index Warp Weft
E P Ema) Em a’>‘<.war| CP Fm ax Em ax.wef
FG5) 759 708 -737 495 621 .003
.002 .005 .003 072 .018 992
F(8) 813" 685 -.845 610 701 -.176
.000 .007 .000 021 .005 546
F(L1) 742" 577 -797" 610 648 -.267
.002 .031 .001 021 .012 .356
F(14) 688" 507 - 746 677 686 -.357
.007 .064 .002 .008 .007 210
F17) 472 432 -.662 718" 690" -.452
121 161 .019 .004 .006 .105
F(20) 448 .393 -.666 747 685 -532
144 207 .018 .002 .007 .050
Fmax 692" 526 -774 496 543 -.149
' .009 .065 .002 071 .045 612
LT -.484 -514 295 -.492 -526 436
.079 .060 .306 074 .054 119
WT | 238 -.034 533 -.164 .052 538
413 .909 .050 576 .860 .047




248

Finish table IV.5

RT -.374 -37¢ .300 -314 297 440
.188 .187 297 275 .302 116
EMT 740" -.604 817" - 7747 -.69€" 798"
.002 .022 .000 .001 .006 .001
Miu | 058 -06¢ .088 -.050 091 165
874 .852 .808 .890 .803 649
vMD | 152 22¢ .052 151 146 -112
676 526 .887 678 .686 758
smp | 507 547 -427 270 .310 -.310
135 .106 218 450 .384 .384
G 595 492 -571 537 464 -.705"
.025 .074 .033 .048 .095 .005
SHG 553 467 -.600 512 425 -713°
.040 .095 .023 .061 129 .004
SHGS 580 A8E -.622 537 446 740"
.030 .079 .018 .048 110 .002
Index ] CP . Pma Fmax.war; *Emax.wef
LC 748 .690 -.824 -.698
017 .027 .00z .025
.055 -.070 -135 -.078
we .88( .848 71C .830
T 890" 816 -.898" -.829"
.001 .004 .00C .003
T 844" 768" -.831° -.783"
.00z .009 .007 .007
rc | 123 -.160 135 240
73¢€ 658 711 505

Table IV.6— SPSS analyses of linear regres

Model Summary Model Summary
Adjusted R Std. Error of Adjusted R Std. Error of
R R Square Square the Estimate R R Square Square the Estimate
800 640 595 305 769 592 541 325
The independent variable is TO. The independentvariable is TM.
ANOVA ANOVA
Sum of Sum of
Squares df Mean Square F Sig. Sguares df Mean Square F Sig.
Regression 1.323 1 1.323 14.228 .0os Regression 1.223 1 1.223 11.594 009
Residual 744 ] 0a3 Residual 844 g8 108
Total 2.067 ] Total 2.067 ]
The independent variable is TO. The independent variakle is TM.
Coefficients Coefficients
Standardized Standardized
Unstandardized Coefficients Coefficients Unstandardized Coefficients Coeflicients
B Std. Error Beta t Sig. B Std. Error Beta t Sig
1170 -1.853 491 -.800 -3.772 005 1iTM -1.028 302 -.769 -3.408 .0og
(Constant) 2,709 624 4.344 002 (Constant) 2.334 582 4.013 004
The dependent variable is In(Pmax) The dependentvariable is In(Pmax).

Sigmoid function (natural exponential function) nated(4.4) and (4.
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Finish table IV.6

Model Summary

Adjusted R Std. Error of
Maodel R R Square Sguare the Estimate
1 1.0007 1.000 1.000 013555
a Predictors: (Constant), F11warp, EMTwarp, Fawarp, LC, T0, TM,
Fawarp
Model Summary
Adjusted R Stel. Error of ANOVA®
R R Square Square the Estimate
— — — Sum of
756 672 536 281 Model Squares df Mean Square F Sig
The independent variable is Fawarp 1 Regression 347 7 488 | 2656.697 oog®
Residual 000 2 000
Total 3.417 £l
ANOVA
a.D Wariahle: Pmax
Sum of .
b Predictars: (Constant), F11warp, EMTwarp, Fawarp, LC, TO, TM, Fawar
Squares df Mean Sguare F Sig. ¢ . P P P L 0TI P
Regression 1.263 1 1.263 16.011 002
Residual 947 12 079 Coefficients™
9 Standardized
Total 2210 13 Unstandardized Coefficients | Coefficients
The independent variakle is Fawarp Model B S0, Eror Beta t sig
1 (Constant) 5.709 191 29.903 001
Coefficients EMTwarp -014 000 -1.066 -43.962 001
Sordardeed LC -24.964 760 -1.493 -32.830 001
andardize - s PN
Unstandardized Cosfiicients | Coefiicients i& 5159 182 1.22 28392 001
247 282 480 B.570 013
B Std. Error Beta t Sig.
Féwarp =181 006 -2.336 -30121 oot
1/ Fawarp -2.924 731 -1 -4.001 002 Fawarp 127 004 4446 | 35713 001
(Constant) | 102 7.088 000 F1iwarp =031 001 -2.851 -36.064 001
The dependent variable is In(Pmax). a. DependentVariable: Pmax

Sigmoidfunction (natural exponential function) models j4a6d multivariable liner model (4.

Model Summary Model Summary

Adjusted R Std. Error of Adjusted R Std. Error of
R R Square Square the Estimate R R Square Square the Estimate
905 819 804 182 513 GET) FED) 175
The independentvariable is F11.wefl The indepandent variahle is F20 weft
ANOVA ANOVA
Sum of Sum of
Squares df Mean Sguare F Sio. Squares df Mean Square F Sig
Regression 1811 1 1.811 54.482 ooo Regression 1.842 1 1842 60147 000
Residual 309 12 033 Residual .368 12 031
Total 2210 13 Total 2.210 13
The independentvariahle is F11.weft. The independentvariable is F20.weft.
Coefficients Coefficients
Standardized Standardized
Unstandardized Coefiicients Coeflicients Unstandardized Coefficients Coeflicients
B Std. Error Beta t Sig B Std. Error Beta t Sig
1R welt 3,086 526 ~908 738 000 11 F20.weft 7582 a7g ~913 7756 000
(Constant) 765 065 11.750 000 (Constant) 743 060 12,295 000
The dependentvariable is In(Pmax) The dependentvariable is In(Pmax).

Sigmoid function (natural exponential function) neb.8) and (4.¢

Model Summary

Adjusted R Std. Error of
Model R R Squars Square the Estimate
1 1.000° 1.000 959 016484
a. Predictors: (Constant), Fmaxweft, TM, EMTweft F5.weft, T0, F11
weft, F17.weft, F8.weft
Model Summary
Adjusted R Std. Error of o
R R Square Square the Estimate ANOVA
= = = Sum of
.918 .842 828 17 Model Squares af Mean Square F sig
The independent variable is Fmax.wef. ] Regression 3417 ) 127 | 1871.830 020"
Residual 000 1 000
Total 3417 £l
ANOVA
a. Dependent Variable: Pmax
Sum af . b. Predictors: (Constant), Fmaxweft, TM, EMTwett, F5.weft, T0, F11.weft, F17.wefl, FB.weft
Squares df Mean Square F Sig
Regression 1.861 1 1.861 63.996 .0o00
Coefficients™
Residual 343 12 029
Standardized
Total 2.210 13 c c
The independent variable is Fmaxweft. Model B Std. Error Beta t 8ig
1 (Constant) 2.990 184 16.230 039
EMTweft -019 001 1761 | -23110 028
Coefficients T0 15.983 637 3794 | 25074 025
Standardized ™ -23.497 1.058 -4.670 -22.204 029
Unstandardized Coeficients | Coeflicients FEwett 662 032 5560 | 20.482 031
B Std. Error Beta 1 Sig. F8.weft 446 024 -7.087 -18.406 035
F11 weft 62 009 5.088 17.990 035
11 Fmaxweft -7.404 928 -918 -8.000 ooo . R, ‘
F17 weft A0t 006 6.006 17.894 036
(Constant) 750 058 12.644 ooo Fmaxwet -153 008 -0.73 | 10.374 035

The dependentvariable is In(Pmax) a. Dependent Variahle: Pmax

Sigmoid function (natural exponential function) neted(4.10) and multivariable linmodel
(4.11)

Finish table IV.6
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Model Summary

Model Summary

Adjusted R Std. Error of Adjusted R Std. Error of
R R Square Square the Estimate R R Square Square the Estimate
27 676 635 364 Rkl 827 805 266
The independentvariable is TO. The independent variable is SMDwarp.
ANOVA ANOVA
Sum of Sum of
Squares df Mean Square F Sig. Squares df Mean Square F Sig.
Regression 2.213 1 2.213 16.663 004 Regression 2.709 1 2.709 38.236 000
Residual 1.062 8 133 Residual 56T g 07
Total 3.275 9 Total 3.275 9
The independentvariable is TO. The independent variable is SMDwarp.
Coefficients Coefficients
Standardized Standardized
Unstandardized Coefficients Coefficients Unstandardized Coefficients Coefficients
B Std. Error Beta t Sig. B Std. Error Beta t Sig.
In(T0) 2807 J12 .B22 4.082 004 17 SMDwarp -1.704 276 -.809 -6.184 .0oo
(Constant) 148 028 5237 o001 (Constant) -1.689 61 -10.520 .ooo
The dependentvariable is In{CP) The dependent variable is In{CP)
Power (4.12) and sigmoid function (natural exporafiinction) models (4.1.
Model Summary Model Summary
Adjusted R Std. Error of Adjusted R Std. Error of
R R Square Square the Estimate R R Square Square the Estimate
835 697 672 288 875 765 746 254
The independentvariable is FBwarp. The independentvariable is F20.weft.
ANOVA ANOVA
Sum of Sum of
Squares df Mean Square F Sig. Squares df Mean Square F Sig.
Regression 2301 1 2301 27.502 .aoo Regression 2827 1 2827 39126 ooo
Residual 1.001 12 .083 Residual T8 12 065
Total 3.302 12 Total 3302 13
The independentvariable is FBwarp. The independentvariable is F20.weft.
Coefficients Coefficients
Standardized Standardized
Unstandardized Coefficients Coefficients Unstandardized Coefficients Coefficients
B Std. Error Beta t Sig. B Std. Error Beta t Sig.
In{Fawarp) 463 083 B35 5.253 .0oo In{F20.weft) 397 064 875 6.255 .0oo
(Constant) 022 008 3.887 .002 (Constant) o7 .004 3.915 .00z
The dependentvariable is In{CP). The dependentvariable is In(CP).
Power function models (4.14) and (4.
Model Summary Model Summary
Adjusted R Stol. Error of Adjusted R Std. EI'I_'DI of
R R Square Square the Estimate R R Square Square the Estimate
932 I 852 057 800 810 794 060
The independent variable is TO. The independentvariable is EMTweft.
ANOVA ANOVA
Sum of Sum of
Squares df Mean Square F Sig Squares df Mean Square F Sig.
Regression AT 1 AT 53.003 .000 Regression 187 1 187 51.242 .000
Residual 026 8 003 Residual 044 12 004
Total 97 9 Tatal .230 13
The independent variable is TO. The independent variable is EMTwett.
Coefficients Coefficients
Standardized Standardized
Unstandardized Coefficients Coefficients Unstandardized Coefficients Coeflicients
B Std. Error Beta t Sig. B Std. Error Beta t Sig.
1470 (113 091 932 7.280 000 1 /EMTweft -10.784 1.507 -.900 -7.158 .000
(Constant) 2.068 116 17.810 .000 (Constant) 3.181 .032 99.116 .000

The dependentvariable is In{Ewarp)

The dependent variable is In(Eweft).

Sigmoid function(natural exponential function) mb@e16) and (4.1

Finish table 1V.6
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Model Summary® Model Summary
Adjusted R Std. Error of Adjusted R Std. Error of
Model R R Square Square the Estimate Model R R Square Square the Estimate
1 208? 806 781 1.26080 1 .892* 796 m 1.13168
2 948" 899 870 897305 2 956" 8913 888 79007
a. Predictors: (Constant), TO a. Predictors: (Constant), EMTweft
h. Predictars: (Constant), TO, EMTwarp b. Predictors: (Constant), EMTweft, TO
c. Dependent Variahle: Ewarp
ANOVA?
a
ANOVA Sum ot
Sum of Model Squares df Mean Square F Sig
Squares df M 5 F 5
Modsl 4 £an Square 9 . 1 Regression 39.979 1 39979 | 31217 o01®
1 Reg.resswon 52.688 1 52.688 33.145 goo Residual 10.246 8 1.281
Residual 12717 8 1.590 Total 50.225 9
Total -
- R” 2l 65405 s _ 2 Regrassion 15855 2 22628 | 36730 000°
egression 58.777 2 29.389 31.039 goo’ Residual 4370 7 524
Residual 6.628 7 847
Total 50.225 9
Total 65.405 9
a. Dependent Variahle: Eweft
a. Dependent Variable: Ewarp
b. Predictors: (Constant), EMTweft
b. Predictors: (Constant), TO
¢. Predictors: (Constant), TO, EMTwarp €. Predictors: (Constant, EMTweft, TO
—
Coefiicients® Coefficients’
Standardized
Standardized "
Unstandardizad Coefficients Coefficients Unstandardized Coefficients Coeflicients
Model B St Error Beta t sig Model B Std. Error Beta t Sig
1 (Constant) 31.043 2385 13.393 000 1 (Constant) 16.480 582 28.314 000
To 16543 2873 868 | 577 000 EMTweft 036 o007 892 5587 001
2 (Constant) 26.754 2753 9.720 000 2 (Constant) 23118 2.201 10.501 000
T0 -11.761 2911 -.638 -4.040 .00s EMTwett 025 006 613 4.260 004
EMTwarp 023 009 401 2.536 033 T0 -7 2.324 - 441 -3.068 018
3. Dependent Variable: Ewarp a. Dependent Variable: Eweft

Multivariable liner models (4.18) and (4..

Table IV.7— Frequencies of equatic

4.4 |45

4.6

4.7

4.8

4.9

4.10

4.11

4.12|4.13(4.

1414.1¢

4.16

417

4.18

4.19

Mean  |-0.04-0.04-0.05-0.09-0.02-0.03-0.02 0.29]0.000.000.00| 0.0¢ |-0.65-1.18-0.03 0.92
SthiZsr of1 9.1210.13/0.08] 0.12/0.06/ 0.06/ 0.06/ 0.07] 0.01| 0.01| 0.00| 0.01| 0.46| 0.39| 0.31| 0.46
Median  |-0.21-0.13-0.16 0.03|0.01/-0.010.00|0.24-0.010.00/ 0.00| 0.0¢ |-0.77-1.24 0.11/0.20

Std. Deviatiorn

0.38/0.41

0.31

0.37

0.23

0.22

0.22

0.23

0.03/0.03

0.

02/0.0z

1.45

1.45

1.15

1.73

Variance

0.14/0.17

0.10

0.13

0.05

0.05

0.05

0.05

0.00(0.00

0.

00/0.0c¢

2.10

2.10

1.33

3.00

Skewness

1.06/0.81

1.81

-3.14

-0.4(Q

-0.30

-0.09

1.20

1.48/0.25

0.

16/0.64

1.08

-0.35

-0.23

1.18

Std. Error of
Skewness

0.69/0.69

0.60

0.69

0.60

0.60

0.60

0.69

0.69/0.69

0.

60/ 0.6(

0.69

0.60

-0.60

0.60

Kurtosis

-0.47-0.53

3.90

9.92

-0.35

-0.01

-0.65

0.82

1.94/1.20

0.

12|0.7z

2.22

-0.1@

-0.60

1.32

Std. Error of
Kurtosis

1.33/1.33

1.15

1.33

1.15

1.15

1.15

1.33

1.33/1.33

1.

15|1.1¢

1.33

1.15

-105

1.15

25

-0.29-0.4Q

-0.23

0.01

-0.18

-0.19

-0.19

0.13

-0.02-0.02-0

.01

-0.02

-1.63

-1.85

-1.02

0.01

Percenti

50
les

-0.21-0.13

-0.16

0.03

0.01

-0.01

0.00

0.24

-0.030.00

0.

00(0.0c¢

-0.77

-1.24

0.11

0.20

75

0.37/0.30

0.17

0.04

0.13

0.11

0.13

0.40

0.02/0.01]0.

01(0.01

-0.02

-0.25

0.72

2.27

Table 1V.8— Mean result of equations recalcule
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Equations o A, kPa | 0,% | S.D., x| Variance| Kurtosis| Skewness
1 2 3 4 ) 6 7

(4.4) -0.037 4.08 0.38( 0.144 -0.469 1.062
(4.5) -0.039 4.82 0.413 0.171 -0.534 0.808
(4.6) -0.047 4.79| 0.308 0.095 3.895 1.809
4.7) -0.030 227 0.020 | 0.134 4.096 1.736
(4.8) -0.021 -0.72| 0.227 0.051 -0.349 -0.399
(4.9) -0.031 | 1.77 | 0.221| 0.049 | -0.005 -0.304
(4.10) -0.020 -0.80| 0.216 | 0.047 -0.652 -0.088
(4.11) 0.294 23.660 0.228 0.057 0.81)7 1.200

Eugations o€P | A, kPa/%| J, % | S.D., +| Variance| Kurtosis | Skewness
(4.12) -0.0016 | 5.94 0.029 0.001 1.938 1.482
(4.13) -0.0016 | 2.99 | 0.027| 0.001| 1.195 0.246
(4.14) -0.0018| 4.07| 0.019 0.000 | 0.12 0.163
(4.15) -0.0016 2.87| 0.021 | 0.000 0.72 0.641

Eugations of A, % 0, % | S.D., | Variance| Kurtosis | Skewness
(4.16) -0.652 -3.38| 1.450 2.103 2.217 1.079
(4.17) -1.181 -5.57)  1.448 2.096 -0.098 -0.347
(4.18) -0.034 0.14 1.151 1.325| -0.595 -0.232
(4.19) 0.918 4.15 1.732 2.999 1.328 1.180
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APPENDIX V

Algorithms for constructing drawings of structures and photographs of the

tested types of underwear

Figure V.1- the Algorithm of BK (boxers) size M/M \, = 12 cm)

Table V.1- Algorithm of basic designir

Seg-
ment
1 2

0-1 Draw a vertical lindrom point0. Distance from nature waistline to crotch le\BR).

1-2 Draw a vertical line length of 0.25BR- 1 (0.25 -BRor 0.25 Bk + 1), point2 on/0-
1/. The positiorof hip levelhy for S, M and L size type.

2-3 Draw a horizontal line (back width at hip levelp¢gh of 0.25 Hg.

*Take account into ease: 0.25 g / c. cis coefficient of the extensibility of material
=1 + easefor girth, c> 1; range of ease for girth is 0...28%, or take the mean val
is 19.48%.

0-4 Define point4 on the vertical line/0-1/, and plusthe width of the waistband belc
point 0. hy, — the underwear style selects the position of thditm as your design, an
according towith thelocation of the top edge of pants, lifle4 may be located upp
or below it.

2-4 Define the length of2-4/.

*Take account okase: 2-4/ / s, s means plus a positive knitted materialriage eas:
on vertical. s iscoefficient of the vertical shrinkage when the matesxtension or
horizontal, s = 1 eastto vertical, s< 1.
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Finish table V.1

ner

-

1 2

4-5 Draw a horizontal line (back waistband width) ldngff 0.25 -Gyw. To calculate the
Gnw for typical male body, this equation of (2.1) da@ usedNWs = 0.02 -hy? +
0.61 -hy - 0.55 +Wg
*Take account into ease: 0.25 n§p/ C + stretch seam, (g is the new waist girtk
measured below the nature waistline; stretch seathe stretch ease value of toget
with the elastic waistband and underwear body @Eestretch seam = 0...2 cmyhs
the distance between the nature waist and top(hee waistline), {y = /0-4/.

5-6 Define point6 upper5 of A = | Of. - Ds)) - [(16-h) /16] |.

6-7 Draw a straight liné6-7/ / s=/2-4/ | s.

7-8 Draw a straight liné7-8 = 0.5- /1-2/.

6-9 Make the straight line (length of underwear siae)iof 6-9 = /6-7/ + [7-8 + [8-9,
from 6 through7, 3 and 8 to 9. And the distance8t9 selected by underwear typ
Ensure the top curvd/6/ with a right angle irb. /6-9/ add ease in vertical.

1-10 | Draw a horizontal line (back crotch width) to tledtl As for mass-produced sizes S,
and L are 2.6, 4.1, 5.6 cm;, for customised sizEseace to1WH.

2-10 | Draw a crotch curve of a back center line, conmexht 2 and 10. From 1 make @
perpendicular line t0o2t10Q. Joint by a curve2t1Q through the two-thirds of thi
perpendicular line.

10-11 | Draw a straight line inseam. Frof® to 11 with a right angle betweerl@-11 and
curve 2-10 at10.

11-9 | Draw a bottom curve linel1-9. The full thigh length (together with front bottoline
length) can be defined by equations (2.2) and (913)= 81.64- 0.89- SLor 0.54- hr
+ 54.59, and make right anglesldt the bottom curve downward (concave up) rigal
and upward (concave down) néar

Seg- Front piece with insert:

ment

12-13 | Draw a vertical line¥2-13 = /0-1/.

13-14 | Draw a vertical line of 0.25BR- 1 (0.25 -BRor 0.25 -BR+ 1), point2 on same adl/
2.

3’-14 | Draw a horizontal line3-14/ = [2-3/.

12-15 | Define pointl5 make 12-15 = /0-4/.

15-16 | Draw a horizontal line (back waistband width) ldngt /15-16 = /4-5/.

16-6' | Define pointl6 upper6' make 16-6/ = /5-6/.

6'-9' Make the straight line, the same line as in thekl@eces (that can design with si
seam or without) 6'-9'/ = /6-9/.

15-17 | Define pointl7 on curve 6'-15/, half width of the front insert16-17 usually can be
designed during 0...6 cm

18-19 | Draw the front piece sidelin&8-19/ = /13-14/Draw a vertical line froml7 to 18,
point 18 on the horizontal line of medidh3-14/

18-20 | Draw a horizontal line (front crotch widti)8-20/=/1-10/.

19-20 | Draw a curve, joinl9 and20. The similar way to a back crotch center oizrd0/

20-21 | Draw a straight line fron20 to 21 and make a right angle at poR@d. Ensure thél1l-

10/=/20-21/+/22-23|
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Finish table V.1

1 2

21-9' | Draw the bottom line. Joir?1l and9' and make a right angle 21, the bottom curve
upward (concave down) nedt. The full thigh length (together with back bottdime
length) can be defined by equations (2.2) and (913)= 81.64- 0.89- SLor 0.54- hr
+ 54.59. Reference different angles dmdadd negative ease).

17-19 | Define the length ofl7-19.
*Take account of easel7-19 / s, to add positive material shrinkage ease onicadrts
=1 - ease in vertical, s 1.

19-22 | Draw a vertical lind19-22/equal to curvél9-20/

22-23 | Draw a vertical ling22-23/(1...3 cm), and with right angles at poi@&and23. Ensure
the/11-10/=/20-21/+/22-23|

13-24 | Define the point24 based orhg. The height of24 depends on the morphologic
features of body and push-up effect designih8-24/=0...9 cm, or higher.

24-25 | Define the front insert rise, poi25 on front center line. In according teGW,

reference to S, M and L sizes are 0...0.5, 0.5...1.8 arb...3. It depends 0
morphological features of body and underwear famgtifor example, for sport

underwear it may be less than for daily one.

Table V.2— Algorithm of boxers designing with the push-upeeff

al

n S

Segment
1 2
0-1 BR=29.3cm
1-2 0.3-BR-1=7.8cm
2-30 0.25-Hg/1.19=19.km
0-26 hw=10.5cm
26-27 0.25- (0.02 -hy’ + 0.58 -hw + 75.89) / 1.19 + 2 = 19.7 cm
27-28 (DgL - Dsy) - [(16 -hy) / 16] = 0.3 cm
28-29 [28-29/ = [2-26/ Z11.1 cm
29-31 0.5./1-2/=3.9cm
31-32 hr = 5 cm (designed value)
1-10 AWH=5.5cm
10-11 7 cm (designed value)

11-38-32 | Part ofNTg. The full-size oNTg = (54.59 - 0.54 hy) / 1.19 = 43.6 cm.

37-38

Crotch part back structural seam line. A quartesrofch piece i40, 11, 38, 37.

Moreover, the seamless back piece’s pattern (gney &s:

2-33

[2-33/ = /2-10/

33-35

/1-10 = 5.5cm

33-34

0.5 /1-10 = 2.75 cm
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Finish table V.2

1 2
33-36 | 7 cm. Start as a concave down curve f@8rfthis curve should be above 2 ... 3 cm
length), then change to straight lineBbaccording to with liné34-36/
36-38- | Part ofNTs. The length less thai1-38-32/ the full-size ofNTg = (54.59 - 0.54 hy) /

32

1.19 = 43.6 cm, for seamless bottom can add 1 .m hto.

The front and insert (pouch) pieces:

ure

—

12-13 | 0.3:-BR-1=7.8cm

14-30' | 0.25-Hg/1.19=19.km

12-39 | hyw=10.5cm

39-40 |0.25- (0.02 -hy’ + 0.58 -hy + 75.89) / 1.19 + 2 = 19.7 cm

40-28" | (DgL - Dgy) - [(16 -hw) /16] = 0.3 cm

28'-32’ | 19.9 cm

39-41 | 4 cm (designed value)

41-41' | 0.5 cm (top of insert offset value)

41-45 | 8.5 cm @5is structural design point)

20-43 | grey line,3 cm, depending on the BPB insert bottom widthit(painseam), in

common is 3 cm)20-19/is perpendicular té20-43/

20-42 | grey line,4 cm (part of front inseam valu@0-43/ + /20-42/= cm)

43-44 | grey line,/43-44/is perpendicular t643-47/intersect at poind4 (point44 on/13-12),

the right angle a43.

44-45 | grey line,Draw a joint curve pointd4 and45, make a right angle d4. So,/42-43-45-

46/is part of crotch piece original pattern block, ifar the further variant.

42-43 | grey line,8 cm. Draw a line to joiM2 and 430t through20, to make crotch front

piece as a reference.

41'-48 | /41'-48/ = /41'-45-44/

14-49 | hg=4cm

49-50 | AGW= 1.5 cm. A bulge at front insert center ##38-50-48/ right angle a#l8.

45-46 | Draw a front structure line to depart front andtchopieces46 designed point.

Complete crotch part, draw a vertical line and famial lines at first:

Segment

44-51 144-51/ = |44-43/ + /10-37Crotch piece length from front to back.

- Crotch width wider thand2-42/

45-54 145-54/ = [45-46F /45'-54' = [45'-46'/ =10 cm (measured length), the struct
seam together with front piece.

52-54 Part of bottom lengthV52-54/less than'46-42/+ /42-38/ same a$52'-43'/ less
than/46'-42'/ + /42'-38'[ To make bottoms more closely. Make curve middiari
to point42.

42-42' Equal to 16 cm.

45-45' The width of45t045' equal to 2 /45-47/

45-44-45' | Redraw and smooth cury#5-44-45'/ the length equal ##5-44/+ /44-45'].

43-51 Equal to the curvél0-37/.

51-53 1/3-/43-51/ =2.4 cm
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Finish table V.2

A1%

1 2
52-51-52 | Joint52, 51, 52" with a smooth curveb2-52'/ = /38-37/ + /37-38'/Depend on th¢
structure seam in back part.
44-45 Equal to/48-45/
45-47 145-47/is 0.5 ... 1.5 cm. Depend on insert width.
55-54 /55-54/= 1 3- /45'-44]/

Figure V.2— Algorithm for a push-up underwear (boxers) siz&/Mhy = 12 cm)
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c d
Figure V.3— Underwear made of 4 kinds materials: ‘@J1” with T,; b—“U2”"
with T,; ¢—“U3” with Tg; d— “U4” with Ty,

Underwear made of materiéj Underwear made of materigy
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Underwear made of materisj Underwear made of materigj,
Figure V.3- Actions for dynamic try-on
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APPENDIX VI
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APPENDIX VII
Questionnaire Male consumer preference

Please mark your choice #s
1. Which kind of underwear do youprefer for everyday life?(X,)

Briefs Bikinis
- Bpudut - Buxunn
BoxerShorts (Trunks Jockstrap
O O
Bokcepckue-1lopTei CTpuHTU-OUKUHU
BoxerBriefs (slim)bokcepckue- Thongs (¢-string)
O O
Bpudut Pememiox
0 Boxers (loosely 0 i Others
Bokcepst
O | don't wear underwear

2. How many kinds of underwear did you try to wear inyour life (please mark each kind)?Xzs)
Brief (slips)

Hips

Boxers slim

Boxers loosely

String

Jokey

Thongs

Swimming suit

OOo0ooogoo

3. Which style of underwear do you prefer?Xy)
O Very closely fitting
[ Closely fitting

[ Regular
[ Loosely
4. Which is your underwear size? Xg)
O S
O M
O L
O XL
O XXL
O | don't know

5. Which kind of fabric do you prefe
100 % cotton

Cotton + synthetic fibe
Synthetic

With Lycra

All kinds

No preferences

OOo0ooog
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6. Have you changed own preferences about undedueiaig your life?
] No
] Yes

If your preferences changed, can you mark the réaso
] Because my body morphology was changed in goodeshap

] Because my body morphology was changed in bad shape
] Because my taste was changed
] Because my income was changed

7. Which functions of underwear are more important for you? (X1»)

To feel myself comfortable

To have the attractive look when | take off my sers

To improve my body morphology in front

To improve my body morphology in back

To improve my body morphology in front and back

| never think about it, my everyday problems arearserious

OOoooog

8. Which construction of underwear do you prefer? K,)
O Seamless
O With few seams
] With many seams, especially in front part
O | don't know

9. Do you like when the underwear push-up yourdwki?

] Yes
] No
10. Do you like when the underwear push-up youigken
] Yes
] No

11. When you are choosing the underwear for dairyal think with type of pants (trousers) you will
wear together? For example, closely fitting undemweslim jeans or loosely underwear + baggy pants.
0  Yes, every time | try to adopt the shapes of tresiaed underwear
O No, | am wearing every time one kind of underwedahwlifferent trousers (pants)
O Sometimes | think about the combination, sometines

12.Which a position of underwear waistband do you prefr?(Xs)
O  Natural waist
O Below natural waist in 3-5 cm
O Below natural waist in 6-10 cm
O Verylow

13.Which a combination of trousers and underwear waidtands do you prefer?Ki,)
0  When trousers waistband higher than underwear baaist
O  When trousers waistband lower then underwear waaistb

14. Did you meet some problems when the trousetsiaderwear weren't suitable one to other?
O No
O Yes (please write the reason)
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15. Do you have the problems when are you buyiagitiderwear?
O Yes
O No

16. Which kinds of problems do you meet during yatiempt to buy underwear?
O ldon't know my underwear size
O Idon't know which design is more suitable for me
0  ldon't how I will look in this kind of underwear
[0  Other (please write)

17. Do you ask somebody to help you or ask theiapiof others when you are going to buy underwear?
O No
O Yes

18.Which elements are you checking when buying the urdwear?(X;)
O  Type (slips, hips, boxers)
O Color

0  Construction

0  Waistband with brand

O  All elements

19. Which color or pattern of underwear do you gref

O Black ] White

] Grey ] Color blocking

O Dark blue ] Printed

] Red ] Bright color

O Green O Other (please write)

20. How long do you wear underwear during a day?
O 24 hours
0  Onlyin day-time
0 Sometimes | didn't wear underwear in day-time
O I use other underwear for sleeping
O I never wear underwear for sleeping
W

21.Which problems did meet during the wearing of undewear?(Xyc)

0 Uncomfortable feeling under fabric influence

0 Uncomfortable feeling under construction influeincerotch area

0  Uncomfortable feeling under construction influeircéront area

0 Uncomfortable feeling under construction influeincevaistband area

[0  Other (please write)

22. Do you think your body morphology need the sdeatesign of underwear?
O No
O Yes

23. How much underwear for dairy do you have?
Smaller than 4

5-7

8-12

More than 13

| don't know

ogoooo



24.How often do you buy new underwear?Xs)

0
0
0
0

25.Which brand do you prefer?(Xq)

Ooooogoog

Each month
Each half year
Each year
Evenly

DIM

CK

2xist
AndrewChristian
BOSS HugoBoss
EmporioArmani
PUMP!

Atlantic

26. Which is your age?

]
]
]
]
0

Teenager
20-25

26-35

36-55

More than 55

264

Ooooogoog

Replay

Clever

Garson Francias
Genius

Rufskin

Timoteo

Addicted

Other (please write)



