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1. Introduction

A geometrical object in the practice of design and
technological preparation of production is as a flat sweep
of a detail, subject to the interpretation into various types
of design documents that themselves are carriers of key
information.

The technical design of the templates of working docu-
mentation is focused on two-dimensional drawings for cut-
ting and manufacturing the garment. The construction of
templates is historically based on the following algorithms:
construction of basic structures by the specified dimensio-
nal features, modification of model features of the garment,
construction of a set of tailor patterns taking into account
the package of materials.

Design documentation of the support of engineering
solutions of an object is nowadays used in the digital format
even at small enterprises with the frequent change of assort-
ment. However, the conservatism of modern garment design
holds back the use of the scientific and technical potential
of computer systems for the tasks of adaptation of the geo-

metric information about an object in 3D transformations of
a document into a 2D document.

The radical changes in engineering of clothing design,
associated with the development of frame models of elec-
tronic mannequins, do not meet innovative expectations.
This is explained by the insufficient accuracy of discrete
anthropological characteristics of typical figures, the lack
of substantiation of synergetic relations with the shape of
a garment, the application of archiving obsolete basic designs.

Taken this into account, the relevant problem is the
development of new principles of the technology of inter-
active designing of clothing by engineering techniques by
means of the graphic adaptation of the object design to the
morphological structure of a design document with the use
of computer technologies.

2. Literature review and problem statement

In the second decade of the 21st century, several new
approaches to modernization of clothing designing processes




based on 3D technologies were formed. The concept of
combining the methods of 2D and 3D designing of clothing
of different volume shapes contains the algorithms for the
graphical information interpretation to select the best option
of a virtual object [1]. The effectiveness of virtual modeling
is determined by the concept of a typical project based on
the expansion of the area of competitive application in the
fashion industry [2]. The application of the virtual fitting
method [3] increases the effectiveness of evaluation of 3D-
modeling quality in the interactive process of clothes fitting
without any losses of the identity of the original under condi-
tions of reproduction of an actual body [4].

The use of a mannequin as a prototype of a typical figure
is explored in the processes of discrete modeling of the struc-
tural elements of a 3D-object based on a digital model. The
anthropometric database of a digital model contains the coor-
dinates of the points of matrix description of the elements of
a frame [5].

The process of construction of a virtual 3D model of
clothing is based on the use of increments of design body
tolerances for modeling the shell of a silhouette shape. In
papers [6, 7], the mechanism of the silhouette transformation
of an electronic mannequin is based on graphical operations
of the parametric assignment of empirical project body tole-
rances, which decreases the quality of fitting.

The pattern design systems (PDS) Julivi, Grace (Ukraine),
Opti Tex (Israel), Grafis, Novo Cut system (Germany),
LEKO, 3D-STAPRIM (Russia) involve the principle of the
parametric representation of patterns [8]. For the user, the
main focus for the add-on over the empiric designing metho-
dology is aimed at the creative use of heuristic methods of the
procedures for a geometric transformation of an object [8, 9].

The use of such principles is justified and effective only if
there is an objective system of anthropometric measurements
with a high accuracy level and under conditions of applica-
tion of professional pattern design systems (PDS). When
attempting to go beyond these limitations, there arise the ob-
jective difficulties associated with uncertainty of the mecha-
nisms of transformation of the frame of a three-dimensional
mannequin in the plane of displaying the clothing parts and
the transformation of a typical mannequin in an individual
project for the figures that are different from typical ones. In
papers [1-9], the problem of considering the local processes
and phenomena, which describe the algorithm for the inter-
pretation of the theory of assigning object’s surfaces in the
modification series of garments’ surfaces remains unresolved.

A promising option for solving the specified problems is
the use of graphical systems that are focused on a complex
shape [10, 11]. All leading global companies in the field of
development of software garments for the fashion industry
contain the modules of visualization of a three-dimensional
figure due to a digital image or body-scanning data [12, 13].
Mathematical modeling and the construction of a linear
frame is performed with the help of embedded software func-
tions and operators. Software modules of clothing visualiza-
tion on three-dimensional electronic mannequins propose
PDS: Gerber (APDS-3D), PAD Sistem (3D Sample), Julivi
(Julivi CLO 3D), Lectra (Modoris 3D Fit), Toyobo (Look-
stailor), Optitex (Runway Designer) [8, 14].

An analysis of research into visualization of the human
body surface proves the merits of a three-dimensional manne-
quin, obtained with the help of body-scanning for assigning
body measurements with a high level of accuracy, which cor-
responds to the level of photogrammetry [5, 7]. The program

Julivi CLO 3D contains the mannequins of male, female, and
children’s figures of the European and Asiatic types. Adjust-
ment of these mannequins to the current applicable national
standards of Ukraine makes it possible to obtain a reliable 3D
image of the garment for visual fitting.

National anthropometric standards of Great Britain,
United States, and Mexico are created based on databases
obtained by body scanning, which proves the feasibility
of this technology for upgrading anthropometric informa-
tion [8, 13, 15]. However, the use of a body scanner is costly,
and thus inaccessible to most users.

A considerable body of research in the field of 3D design
directly address the quality of reproduction of physical-
mechanical properties of fabrics and clothes in the virtual
space [15—17]. The authors of papers [9, 10, 13, 14] actively
use virtual models of clothes for direct research into designs
of women’s clothing and assessment of the quality of gar-
ments fitting on a figure in terms of convenience and physio-
logical comfort of a consumer. However, the algorithm of
ensuring the aesthetic indicators of the clothing fitting qua-
lity by the anthropometric correspondence of a consumer’s
figure was not described procedurally. Adjustment of fitting
of a virtual model of clothing is carried out with direct par-
ticipation of a designer and depends on his intelligence and
professional skills.

One of the promising directions of the fashion industry
development is the use of Intermeshed network for the
varieties of produce distribution. In particular, these are an
Intermeshed-studio of bespoke tailoring, an intermeshed site
of the own creation of a garment, an intermeshed-project of
the own design. The main feature of the specified networks is
the remoteness of a consumer from the designing algorithms
and the lack of their professional training [3].

The packages of three-dimensional visualization for the
use in clothes purchasing through the intermeshed or in-
stead of fitting rooms in the clothing shops are proposed
by the companies that do not belong to the developers of
fully-fledged CAD. In particular, they are Reflection Fabrix
Inc., Digi Scents [4, 18]. At the level of providing individual
clothes production in the PDS module Lectra System, the
special Fit Meshed program that processes scanned dimen-
sional features is proposed, and special program Modaris
Modepro adapts the model of a garment.

However, there are objective reasons associated with
the technology of transition from soft shells of clothes on
an electronic mannequin to the graphical construction of
2D-patterns. The formulation method for the automatic re-
construction of the original 3D solid object in such common
programs as Pro/Engineer, Linigraphics, NX, AutoCAD,
Solid Works, Blender Basis is not suited to the technology of
scaling soft shells, such as garments. All this makes it possible
to assert that the research into the adaptation of heuristic
principles of parametric and graphic designing model struc-
tures to different PDS of clothes is relevant. Solving these
problems will ensure high parametric accuracy of input data
and, respectively, the end quality of a project, as well as to
propose new algorithms of scenarios of design solutions in the
field of 3D design of clothes.

3. The aim and objectives of the study

The aim of our study was to verify the quality of the process
of computer designing of garments through the improvement



of the technology of using add-ons of an electronic manne-
quin in modern PDS.
To accomplish the set aim, the following tasks have been set:
— to substantiate theoretically the original database for
frame models of an electronic mannequin;
— to explore the mechanism of the interactive construction
of the shells of clothing in the cycle of silhouette deformation;
— to identify the scenarios for practical realization of the
modification projects by the optimal route.

4. Materials and methods to study the designing
of surfaces of shells of an object

4. 1. Computer technologies for the formation of arrays
of elements of morphological field of clothes shells

The theoretical prerequisite of modular approaches to
the formalization of designing clothing structures as a set of
typical parts is the use of the law of mass distribution of the
morphological field of a 3D object «Clothes» that is suffi-
ciently represented in studies [6, 19, 20]. Within this study, the
authors stated the following principles of actions coordination
in the algorithms of conversion of the sets of a research object:

— constructiveness principle: relationship and comp-
liance of a structure with the means of the spatial shape
organization;

— ergonomics principle: relationship between a garment
and a human, adaptability and ease of a construction, which
provides reliability;

— functionality principle: the priority of the basic features
of garment’s appearance;

— universality principle: implicative inclusion of typical
parameters of form-making elements;

— scaling principle: relationship and correspondence of seg-
mentation of a structural section and valence of a playing field;

— adaptation principle: relationship and compliance of
the methods for compression of control (typical) and non-
recurrent information in modification;

— diagnosis principle: reliability of the combination of aes-
thetic and utilitarian properties of the final garment design.

Research [5] proved the feasibility of the application of
models of meshed frames for engineering design of three-
dimensional geometry. To do this, three types of graphical
primitives of 3D designing are used: a point, a line, a face
(3D face). These primitives form a group of nine three-
dimensional bodies that at the level of software modules are
adapted for automated objects’ design.

For example, the mathematical apparatus CSG — Con-
structive Solid Geometry, which implies a mathematical
description of an object and the algebra of mathematical
logistics, is applied in AutoCAD for the construction of
a digital model of an object.

The technology of combining constituent primitives
using a set of special commands ensures the creation of
a graphical model of an object by layering separate parts as
adjacent transparent sheets, each layer of which has its own
name. The layers can be in different states: enabled — dis-
abled; frozen — unfrozen, blocked-unblocked. This makes it
possible to simulate the surface of a mannequin as a discrete
closed system in the interactive mode. The linear frames of
typical divisions with the transformation into flat parts of
scanning of clothing are implicatively included into it [21].

In computer graphics, the geometric object of a model
is represented by a sequence of three kinds of information

models: digital, meshed, and surface [5]. The models of
a cylindrical meshed frame of the mannequin’s surface are
shown in Fig. 1.
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Fig. 1. Graphical 3D models of mannequins of figures:
a — meshed; b — meshed-surface; ¢ — meshed-linear;
d — surface

Visualization of a meshed frame of the surface of an
object is made by cubic splines with the view to creating
a surface model of an object for identifying and correcting the
form-making elements by using the AVE module (AutoCAD).

The technology of determining the deformations in the
cells of a meshed of geodetic parallels implies the applica-
tion of the color palette for the reproduction of the degree of
shell cells tension. The meshed deformation fixes the zones of
compression and stretching of the mannequin’s shell relative
to the bust line as the original sweep axis.

The algorithm and applied program of anthropomet-
ric regulation of an electronic mannequin by the method
of proportional transformations of projection body mea-
surements using command 3D MESH (AutoCAD) were
proposed.

The apparatus of visual images construction of a digital
model of a 3D object makes it possible to take into consi-
deration the topology of the inner geometric structure of
a shape. Accordingly, the morphologic field of synergic rela-
tions of the elements in the processes of transition from 3D
to 2D design for the adaptation of soft shell of clothing to
arigid shell of a mannequin was studied by the mathematical
description of interpretation procedures.

4. 2. Mathematical interpretation of studying the geo-
metrical models of an object

The features of the human body shape determine the
number of geometrical modules in the sweeps of mannequin’s
surface GMsd. The mathematical model of the group struc-
ture of graphic primitives (G) describes the composition of
continuous displays q of geometrical modules of the man-
nequin’s surface GMsd in ¢ of the constructive modules of
clothes parts CMC (1):

0+GxG—G GMsd,
90+GxG —GKM,. (1

The automated solution to the problems on creating
graphical models of an object both in the form of an elec-
tronic mannequin’s and of design documentation requires
a corresponding mathematical description of the associations
of elementary graphic primitives in the geometric module by
constant dimensions. This corresponds to the commands of
the image surface in the form of a set of segments of straight



lines for the parameterization of 2D image by the geometric
features. The totality of digital models of points Gy — nodes
of a meshed frame in the cylindrical coordinate system is
accepted as the mathematical model of the surface of a man-
nequin of a typical figure G (2):

MM(G)={MM (G )}, (2)
where each point is characterized by coordinates (3):
UG, MM(G,)= MM(Z,,R,,F)). 3)

A digital model of mannequin DMd is a document of an
electronic object description and is assigned by a set of hori-
zontal cross sections (1), vertical radial cross half-planes (J).

For a mannequin of a typical female figure 158-88-96 (the
basis of a series of sizes of a typical mannequin):

[=(1+61), J=01+23.

For a mannequin of a typical male figure 170-92-76 (basic
size of the younger age group):

I=(1+70), J=01+36.
For the hip area of a typical female figure 158-88-96:
[=(1+20), J=01+23.

A step along axis Z is 10 mm, the angle of cylindrical
coordinates is 10°.

The observation number for the mathematical mo-
del (MM) of the mannequin’s surface is determined as the
garment of the number of coordinates horizontal cross-sec-
tions and the number of vertical cross-sections in the appli-
cate of a graphic element. Thus, CMd 158-88-96 contains
1.952 nodal points; CMd 170-92-76 contains 2.520 nodal
points; CMd of the hip area contains 460 nodal points.

The graphical model of a linear frame of the mannequin
surface in the form of GMsm in the automated systems is
provided by the mathematical models of algebraic summing
graphic primitives of the coordinates of nodal points. The
selection of the linear frame is described by a cubic interpolar
spline (4):

S(x):y1+b1(x—x1)+c1(x—x1)2+d1(x—x1)3, 4)

x<x<x,, i=12..n

+17

Seven vertical and six horizontal cross sections of a linear
frame correspond to typical sectioning of the design of shoul-
der garments with the fixed design points &;;in the geometric
modules of the mannequin surface (5):

G GMsd,; =Gk, . ®)

The process of deformation of geometrical modules of
mannequin surfaces taking into account the structural and
technological body tolerances in the digital models of clothes
DMc is performed by parametric changes of the coordinates
of structural points (6):

1,2 Z M
M (Gky)= Y, Gk, ,+> SA;+ > TA . (6)
z=1 m=1

i=1,j=1

The process is the silhouette modification in DMc is per-
formed by a change in the coordinates of a nodal point (7)
along the cylindrical coordinate:

LJ A M N
MM (G,)=3, G+ ASil+y AASi1,2+ Y AASi2,3, (7)
m=1

i=1,j=1 z=1 n=1

where Go is the coordinate of a nodal point of clothes; G;;
is the coordinate of a nodal point of the mannequin surface;
ASil is the body tolerance for Sil in a structural point;
AASi1,2 in the increment of the coordinate of a structural
point between silhouettes Sil and Si2; AASi2,3 is the incre-
ment of the coordinate of a structural point between silhou-
ettes Si2 and Si3.

The study of the topography of the areas of linear-chan-
ging relations between the surfaces of a mannequin and
clothing at the bust line (§i0—Si1) (Fig. 2) proved the fea-
sibility of scaling of silhouettes increments AASi1,2, AASi2,3
relative to ASil. The distances between the main structural
points (31, 32, 33, 35, 36, 37) determine the parameters of
sections of the mannequin and clothes.

Fig. 2. Topography of the areas of linear-alternating
connection of a mannequin surface at the level of projecting
bust points

Analytic coordinates of the dart outlines (8) as the
segment of vertical segmentation of the shell take into con-
sideration the coincidence of the bend line with axis 0y and
the same change of the angles between the warp and weft
threads of:

X, =R —R -y}, ®)

where R, is the radius of the arc of a circle; . is the ordinate
of the bend line.

The pitch of plotting arcs is 1.0 cm, which corresponds to
the requirements of segmentation by a meshed frame.

The total curvature of axis 0V is determined as the sum of
the separate sections of concentric arcs (9):

Ro=Y Ay, ©)

where Ay; is the curvature of a separate section of the sweep
applicate.

4. 3. Algorithms for the interactive designing of the
examined objects

It is possible to represent the spatial shape of sweep parts
on a plane by means of its bending by a curvilinear bending
line lbend relative to cross section lcut. For the convex shape of



the bending line, the mandatory condition is that lbend> lcut,
which is met by the deformation of the edges compression or
the formation of a dart from the cut to remove the excess of
a detail on the outline section. For a concave detail, a manda-
tory condition is that lbend<Ilcut, which is achieved by stret-
ching the edges of parts or by a dart in the middle of a detail.

These conditions characterize the topology of the net-
work of geodetic parallels in the areas of stretching and
compression of a garment relative to the lines of busts and
the waist.

The weight of internal segmentation in the group of
design factors of the fitting quality is 27.9 % [5]. It is ad-
visable to use a dart as a non-through kind of segmentation
as a design prototype for the performance of modification
segmentation.

The algorithm of parametric optimization of a dart proto-
type is based on the tasks of determining the curvilinearity
of outlines by the aperture, length, and the end point of the
original dart.

Research into the graphical models of the project field
of a bust dart (Fig. 3, @) indicate that a change of the coni-
cal shape requires the shaping its sides by the second order
curves. The curvature of these lines accordingly depends on
the magnitude of the dart reduction and aperture.

AB71'G)
1371(2)

36=36 (1)

a

Fig. 4. Flat-rotating movement of a bust dart:
a — modification of structural shape- forming elements
of the original model design of a front; b — a graphical model
of shaping the module of joining bust and waist darts

Joining the outlines of the bust and waist darts forms in-
ternal segmentation of a detail by the princess line. The mathe-
matical model of the approximation of the segment of the
project field of the junction of curvilinear and straight sections
(Fig. 4, b) is represented by the system of equations (11) [22]:

b= Xy = Xy + iy, —ay,,
i ’
d,—a

G = a(ym _bi)+x01’

shoulder a2 Y
line 2 2 2
. Ri:\/(xm_ci) +(y01_bi) ) (11
neckline
armhole
QN where i is the index of the studied arc; R is the
< center front o . . .
> . h radius of the arc of a circle, cm; ¢, b are the coordi-
] nates of the circle arc center, cm; X1, Yo1, Xp, Yp are
side line a - broadness of dart T /x the coordinates of the initial and final point of the
i~ 3 X arc respectively, cm; a, d are the angular coeffi-
' f//z cients of straight line AA; and the side of the dart,
o > to which the final arc point belongs, respectively.
waistline t The research into a range of displacements
a b of internal segmentation of the front relatively
Fig. 3. Graphical model of the project field: t‘(’)lthi fgtremﬁ \pogﬁ Oi}? usﬁs b%; ihethm\e‘ill?od of
a — bust dart in the model position; b — estimated dart scheme; calcula loi,sc cmes glth r?pcc do Ld drmo;
R1, Ry, Rs, R4, Rs are the radii of project field sectors [IOUS POSILIOn prove € linear dependence o
the range of displacements on the angle of the
bust dart slope relative to the bust line (Fig. 5).
The mathematical model of the dart line configuration is
represented by the system of equations (10): g 0018
_g 0.016
= 0.014 «
2{ay,x, if xe[O xB], E 0012 0014
y=1", . 10) 2 oo 0.0108
ax’+y,, if xe(x, x,), E 00085 y=-0.0116x +0.0156
= 0008 R?=0.99 (I quarter)
£ 0.006 0060
where E 0004 0.0042
S 0025
= 0.002 0012
a=Y2"% > 0 ‘ ‘ N*0.0002
- 2 & -0.002 0 0.5 1 1.5
X, Dart angle, rad
—+—I quarter —®—Criterial displacement — -Linear (I quarter)

X9, X3, Y2, Yo are the coordinates of points 0, 2, 3 (Fig. 3, b).

To solve the tasks of the flat-rotating movement of the
model darts in the design field sectors, we performed the
deconstruction of a dart by the system of concentric circles
at the interval of 2 cm, which corresponds to the size interval
of indifference (Fig. 4, a) and takes into consideration the
dart aperture increments through inter-size changes of the
dart length.

Fig. 5. Dependence of displacements of princess lines,
constructed based of a parametric series of harmonic
positions of a bust dart

Research into the equilibrium of the shape of designs
with the princess lines, calculations of potential energy of de-
formation of stretching and bending of the elements of fabric



of different density proved an increase in potential energy at
an increase in density (Fig. 6).
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Fig. 6. Finding the dart length reduction by the assigned
properties of the material

The passage of the princess line in parts from tight and
tough materials through the extreme bust point meets the
conditions of the garment balance.

The algorithm of the metrological recognition of research
objects was implemented by the mathematical models of
synthesis of the elements of group structure of the garment’s
surface in the segments of an electronic mannequin.

The algorithms of the shape-forming segmentation of the
design prototype determine the relationship of silhouette
characteristics and curvilinearity of the body coverage areas.

The correction algorithms were implemented by practical
recommendations on the optimization of the parameters of
the sections of shape formation of the detail design.

5. Results of studying the transformation of digital
models of mannequin frames into the projects
for modification of design of garment parts

An innovative component of the program to study the
surfaces of the object «Clothes» is the adaptation of graphi-
cal information to the images structure at the level of design
document drawing.

A digital model of the mannequin surface (DM,) requires
significant amount of memory to provide the graphics data
of the totality of frame models. Accordingly, the adaptation
involves the division of images into non-intersecting segments
taking into account the value of their morphological structure.

In the proposed sequence of design transformation of
digital models of an object (a meshed frame, a linear frame,
a visual model), the algorithm of loss-free compression is
used, which makes it possible as a result of decompression to
get an image that is identical to the original.

To solve the adaptation problem, the concept of «project
field» is used, which determines one or more interest regions
in accordance with the scenarios for practical implementation.

Scenario 1 — setting the problems of a typical project of
DMd compression. From the mathematical point of view, the
region of interest G is a coherent open set in the Euclidean
space, assigned by its boundary. Matrix T of dimensiona-
lity mxn will be called the project field of image A, provided
t;j€{0,1}, where t;=1, if ij coordinate belongs to region G —
the set of points of the meshed frame, otherwise ¢;=0.

An arbitrary image Aa can be considered as an open set,
so that:

(e}
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~

aijeAal <i< onl|y,
1 <j< m

(12)

where L is the number of gradations of digital models of an
object; m, n assign the dimensions of images of segments of
coordinate points of a meshed frame.

Digital image A of dimensions mxn of the points’ coordi-
nates, obtained as a result of the analog-to-digital conversion
of the original image Ay, can be written down in a matrix form:

Gy Gy a,
a a e a
21 Ay 2
A- ", (13)
am anz anm

where a; is the numerical designation of points i, j of the
meshed frame.

The methods of construction and compression of project
field PF for assigned images A depend on display continuity
and on taking into consideration the criteria of influence of
the factors of variability of anthropological features stated
in [5, 23] on the coordinates of the meshed frame of DM,.
Accordingly, this makes it possible to determine both the
magnitude of the sample, and the number of weights to re-
search into body measurements.

Scenario 2 — the method of the silhouette transformation
of a digital model of the clothing surface.

The open set of dimensionalities of the silhouette shape
with fixed structural points of horizontal cross-sections of
structural zones provides the use of the method of affine dis-
placement, employed in scaling sub-programs.

A digital model of the silhouette shape of clothing in the
model of a typical project involves the use of standard programs
of scaling. In particular, it is described by a matrix of single co-
ordinates of compression by the magnitude of body tolerance:

Direct conversion for Si0-Si1-Si2-Si3:

(1 0 d,
01 d,| (14)
0 0 1

the inverse transformation for Si3-Si2-Si1:

(1 0 —d,

0 1 —d,| (15)
00 -1

Verification of tables of increments Ax, Ay of the method
for silhouette transformation is performed by the solution
rules of description of the morphological structure of body
tolerances. 2D drawings of silhouette structures form an
archive of modification of a typical project.

Scenario 3 — anthropometric modification of an indivi-
dual project of the garment for a special purpose.

Research [24] showed that the best cosmetic correction
of the busts and torso shape by a corset is carried out by
tightening the figure by the magnitude of modelling effect,
i. e. it is deformation of compression.

An experimental check of modeling effects of eleven body
measurements of a special anthropometric program for three
conditions of figure tightening proved the effectiveness of
modeling effects of the magnitudes of bust girth of the fourth,



the waist girth, the waist cross diameter. The reliability of the
anthropometric information was proved by the calculations
of statistical parameters: arithmetic mead, median, mode,
root mean square deviation, variance, asymmetry, excess, and
standard error (Table 1).

Table 2

Results of calculation of quantiles
of modeling effects of body measurements
of women in corset

Modeling effect
_ Table 1 Size Min Medi Maxi
Results of calculation of modeling effects d of body measurements feature mimum edium aximum
of women in corset doos | doso | dogs | doso | doos | doso
Minimum modeling Medium modeling Maximum modeling Gbm | -0.74] —1.3 |-1.82|-2.38|-2.27|-3.21
Size effect effect effect Gbyy | 1.66 |-1.38|-1.32|-1.41| 0.25 |-2.95
feature | o, | o, | oo, |owes | d, | o | oo |owes| d, | o, | o0 |09 Gw |-1.54|-2.19|-3.51|-4.22|-5.66|—-6.93
cm cm cm cm cm cm cm cm cm cm cm cm dan 0.17 1-0.36( 0.26 |—0.41 045 _035
Gbyp | —1.310.483(0.153]0.346 | —2.4 {0.4590.145/0.329| —3.2 {0.632{0.200 [ 0.452 dbyy | 0.35 |-0.47| 0.36 |-1.08]|—1.14|—1.78
Gbyy | -141188 | 06 | 1.35|-1.45[1.23 | 0.39 | 0.88 [-2.95| 1.98 | 0.63 | 1.42 dw |-0.441-2.02| =11 |-3.15|-2.03|-4.36
Gw |-22(042]013| 03 |-42|048|0.15|0.35|-69|0.74 | 0.23 | 0.53 dh 1.031-0510.07|-071-023] 1.1
dby; |—0.35] 1.00 | 0.32 | 0.72 | 0.4 | 1.1 | 0.35] 0.79 |-0.35]| 1.29 | 0.41 | 0.92 dsoby; |-0.09]-0.95(-0.52(-1.35|-0.54|-1.75
dbyy |-045]| 0.64 | 0.2 | 046 |-1.05| 0.64 | 0.2 | 0.46 |-1.75] 0.42 | 0.13 | 0.3 dsobpy 1062 0.2 | 1.28]0.35 | 1.86 | 0.65
do | =2 [1.179]0.373]0.843]-3.15]1.435]0.454 [ 1.026| -4.35[1.547[0.489[1.106| [ ssow 10.98 |=0.11] 145 |-0.05] 231 | 0.15
di [ —05] 118037 [084]-07[048]015]035 ] 1.1 1131036 [ 081 | [ zsor 1102 =005l 044 =035 034 =075
dsobyy; [-0.95] 0.69 | 0.22 | 0.49 [-1.35| 0.71 | 0.22 | 0.51 |-1.75| 0.92 | 0.29 | 0.66
dsobry | 0.2 [0.26 | 0.08|0.18 | 0.35 | 0.58 | 0.18 | 0.41 | 0.65 | 0.78 | 0.25 | 0.56 The compression of a frame model of
dsewo_| -0 [0699]0.221] 05 [-0.05[0.956]0.302]0.684[ 0.15 [1.375]0435[0.984] , ¢ypical mannequin was performed in the
dsoh_[-005[1.23 1039 088 [-0.35] 133 | 042 [ 095 [-0.75] 2.12 [ 067 [ 1.52 | automated mode (Fig, 9).
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Fig. 8 shows dependences of quantiles of minimum (dI),
medium (dIT) and maximum of tightening (dIII) on values
of girth body measurements.

Fig. 8. Dependence of quantiles dl, dll, dlll on value of body
measurements: a — Gby;; b — Gby; c— Gw; d— dw




Fig. 9. Generation between horizontal cross-sections
of the mannequin surface: @ — a typical mannequin without
tightening (front view); b — a typical mannequin without
tightening (side view); ¢ — tightened mannequin (side view);
d — tightened mannequin (side view)

The values of transverse diameters of the figure at ma-
ximum modeling effect decrease on average on the line of the
third busts girth by 0.35 cm, of the fourth busts girth — by
1.75 c¢m, of waist — by 4.35 c¢m, of hips — by 1.1 cm. Anterior-
posterior diameters decrease on the line of the third busts
girth by 1.75 cm and increase on the line of the fourth busts
girth by 0.65 cm, of waist — by 0.15 cm, of hips — by 1.6 cm.

The critical parameters of figure correction by a cor-
set were established based on the diagnosis of consumers’
feelings (Table 3).

Table 3

Variative table for determining the critical correction
parameters for typical figures 88—96 and fullness
of groups | and Il

Critical magnitudes of simulation effect, cm
Size of I fullness
a typical
figure minimum medium maximum
GbIH Gblv Gw GbHI Gblv Gw GbHI GbIV Gw
84 - | -17|-26|-05|-18|-64|-1.0]|-34]-7.2
88 —-20|-14]-24|-25|-15|-47|-3.0|-3.0|-5.5
92 -30|-11]-22|-45|-12|-30|-50|-26|-38
96 -50|-08[-20|-65|-09|-13|-7.0|-22|-21
11 fullness
Size of
a typical minimum medium maximum
figure
GbHI GbIV Gw GbHI Gb[v Gw GbH[ GbIV Gw
84 - |-16|-25|-05|-1.7|-58|-1.0|-35|-6.6
88 -20|-13]-23|-25|-14|-60|-3.0|-3.0|-6.8
92 -30|-1.0|-18|-45|-11[-62|-50|-27|-7.0
96 -50|-07|-16|-65|-08|-64|-70|-24|-72

The magnitudes of negative body tolerance s in the
structures were differentiated for three silhouettes that cor-
respond to minimum Si1, medium $i02 and maximum Si01
modeling effects on three structural areas (Table 4).

The recommendations were developed on the applica-
tion of compromise magnitudes of broadness of waist darts
Ap=0.35At (back); A,=0.29At (front); A,=0.36At (side) for
taking into account the outlines of back, front and side of
three types of figures.

Table 4

Rational negative design body tolerances
for free fitting for a corset

' Body tole- | Body tole- | Body tole-
Silhouette Sllh?UEtte rance by rance by rance by
name detsilfrIlla- line Gbiy line Gbry line Gw
ACGby, cm | ACGbyy, cm | ACGw, cm
Tight fit S5i01 -3.0 -3.0 -6.0
Fit 5i02 -2.5 -1.4 -4.0
Half-fit Sil -2.0 -1.3 -2.0

Scenario 4 — structural modification of the experimental
project of the universal design of waist garments.

The universal design implies expansion of functional
properties through a combination of design types based on
the replacement of structural zones of shape forming ele-
ments by the aggregation method (Fig. 10).

)
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Fig. 10. Pattern of the universal design
of waist garments

Options of the development of the scheme of interactive
design of a straight skirt as a geometric prototype of a design
of classic trousers are based on the method of heterogeneous
scaling of the parameters of nodal (basic) design points of
outlines of parts (Fig. 11).

Blocks of transformations of the skirt sections into the
trousers sections are subordinated to body sections by the
surface of covering. The algorithm of project procedures of
high-speed design by scenario 1 implies the transformation
of the hip and lower sections of a skirt into similar sections of
trousers. The transformation of the hip section is carried out
by means of the following transformations: determining the



outlines of the hip section of a skirt; transferring the hip sec-
tion of a skirt into the hip section of trousers (Fig. 12, a, b);
performance of tough turning of the back hip section of
trousers (Fig. 12, ¢). The transformation of the lower section
is performed by affine transformation of the lower part of
a skirt into the middle section of the trousers (Fig. 13, a);

modification of the lower area of the trousers and its joining
to the middle section (Fig. 13, b).

Research into variability of the magnitude of balance
during a tough turn proved the influence on the sizes of
a silhouette body tolerance on magnitudes of increments
Ax, Ay (Table 5).
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Fig. 11. The pattern of parametric transformation of the modules of interactive design of a women’s skirt into the design
of women'’s trousers for size 158-88-96: a — hip section; b — middle section; ¢ — lower section
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Fig. 12. Patterns of transformation of the hip section of a skirt into the hip section of trousers:
a — back; b — front; ¢ — scheme of tough turn of the back hip section of trousers
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Fig. 13. Patterns of affine transformation of design of a skirt into the design of:
a — medium section of trousers; b — lower section of trousers



Table 5

The magnitude of a turn of the back hip section at the change of body tolerance to the girth of hips
and knees for the sizes of group 1 (fragment)

Magnitudes of body tolerance s Magnitude of angle of a turn /51-511/, cm
Gh, cm Gk, cm 158-84-92 158-88-96 158-92-100 158-96-104 158-100-108 158-104-112

0 5.71 6.34 6.95 7.63 8.32 9.04

0.0 3.0 517 5.78 6.37 6.99 7.7 8.4
6.0 4.63 5.23 5.79 6.39 7.08 7.75

0 5.96 6.61 7.19 7.93 8.62 9.35

0.5 3.0 5.42 6.05 6.6 7.28 8.0 8.7
6.0 4.88 5.48 6.02 6.68 7.37 8.06

0 6.23 6.89 7.52 8.2 8.93 9.67

1.0 3.0 5.68 6.32 6.93 7.54 8.3 9.02
6.0 5.13 5.75 6.34 6.94 7.67 8.37
0 6.76 7.4 8.1 8.82 9.56 10.31

2.0 3.0 6.2 6.82 7.5 8.15 8.92 9.66
6.0 5.65 6.23 6.9 7.53 8.28 8.98

A linear variability of magnitudes of increments in the
middle and lower sections of the front and back parts of the
skirt and the trousers was detected.

Based on the results of research into the range of
body tolerance s along the waist lines (1.0-2.0 cm), hips
(0.0-4.0 cm), the differentiated basic silhouette body tole-
rances ASil, ASi2, ASi3 were determined, which provides the
silhouette transformation of the universal design by scenario 2.

Based on the calculation of the indicators of propor-
tionality indices, the feasibility of the morphological modi-
fication of the hip section on waist darts scaling taking into
consideration the types of projections of buttocks, abdomen
and thighs was proved (Fig. 14).

y=0.2475x + 11.61
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Fig. 14. Dependence of the estimated broadness of darts
on fullness number and lateral curvature at the level of the
waist line by the projection method

The developed sub-program «Universal structure» sup-
ports the data conversion from the software environment
«Grace», Julivi, AutoCAD, oriented to the gaming spaces
of the structural zones of typical segmentations, runs in the
passive dialog mode.

6. Discussion of results of practical application of design
scenarios for interactive modification of garment parts

In determining the effectiveness of project transforma-
tions of digital models of an object (a meshed frame, a linear
frame, a visual model), which follows from the obtained
graphic models (Fig. 1), the application of the logical prin-
ciples of coordination of actions for the selection of the mo-
dification algorithm is reasonable. It should be noted that the
selection of the means of spatial organization of a shape based
on the linear-variable connection in topological transforma-
tions does not explain the mechanism of the interpretation of
the areas of compression and stretching of mannequin’s shells.

In this sense, it is advisable to engage the loss-free algo-
rithm of the mannequin’s frame compression, which makes it
possible to obtain the image that is identical to the original
one due to recompression.

To prove this statement, the algorithm of metrological
recognition of the elements of group structure of the garment
surface was proposed.

The description of the shape forming segmentation by
scenario 1 opens the possibility to take into account the
silhouette characteristic and curvilinearity of the areas co-
vered by clothes with the use of affine displacement in scaling
sub-programs.

This is in line with the practical data, known from
works [3, 9], which correspond to the methods of compres-
sion of a set of horizontal cross-sections by scenario 2. The
obtained data on the influence of silhouette body tolerances
and a structural decision on the process of interactive design,
in contrast to the research results published in [6, 9], make it
possible to state the following:

— the main regulator of the selection of a modification
scenario is not so much the complexity of the morphological
structure of the design object as the type of project in the
processes of transition from 3D to 2D design;



— a significant effect on synergistic relations of the ele-
ments of the morphological is made by the verification of the
database of 2D design documents involved in the interactive
design technology.

Such conclusions may be considered appropriate from
the practical point of view because they provide a reasonable
approach to determining the garment comfort.

By the modification of the matrix design of a garment by
the method of its silhouette transformation by scenario 3, it
is possible to obtain high-comfort garments at the minimum
and medium figure tightening, which is proved by the assess-
ment of the static correspondence of a corset — 4.77 points.

The term of the construction of silhouette designs is re-
duced by 26 % by the generation of information database in
CAD «Grazia».

From the theoretical point of view, using the combi-
natorics of increments, derived by the graphic-analytical
method [25], by changing the values of body measurements
and body tolerance s for free fitting by scenario, it is possible
to obtain the silhouette drawings that do not need checking
in the layout.

Thus, the comprehensive ergonomic indicator of the sta-
tic compliance of a sample of trousers P,=4.84 points proves
a high level of quality.

The research results were implemented at LLC «Polonne
Trousers Factory», Khmelnytska Oblast, Ukraine.

The unified type of modification scenarios implies an
opportunity to obtain the solution of the object project field
by means of parametric scaling of the separate elements of the
original design.

However, we cannot but note that the results of the
morphological modifications of the structural zones de-
pend on the fullness number and indicate the ambiguous
impact of indicators of proportionality index on scaling
the shape-forming segmentations. This uncertainty imposes
some restrictions on the use of the passive dialog mode in
the construction of the interactive design that could be
considered as a disadvantage of this study. The inability to
remove the named limitations within the framework of this
study generates a potentially interesting direction for further

research. They, in particular, can be focused on the detection
of game spaces of the transformation of structural zones of
typical segmentation. Such detection will make it possible
to explore the transformational conversions of modification
vectors and to identify the input variables of design proce-
dures that significantly influence the ergonomic indicator of
the static correspondence.

7. Conclusions

1. The conducted research theoretically and experimen-
tally substantiated the source database of the structural ele-
ments of frame models of mannequins with the mathematical
interpretation of the description of increments of the coordi-
nates of design points in scenarios of add-ons of an electronic
mannequin.

2. We developed the algorithms for interactive designing
that contain mathematical substantiation of the options for
modifying an electronic mannequin taking into consideration
the add-on of synergic relationships of the shape and the
design of a garment in operations of modification of internal
segmentations using the parametric optimization of the dart
prototype.

3. Based on the method of displaying the group structures
of the «project field» of modification, we developed the sce-
narios for the interaction of design stages, such as «a typical
project», «an individual project», «a special project» in the
adaptation of the 3D image of the garment to 2D images of
design documents according to the stated rules of formaliza-
tion of silhouette body tolerance s and the options of design
points scaling.
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