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Abstract — The designing of clothes includes a row of processes
and one of the most time and labor consuming is constructing.
The construction displays the layout (pattern) of the surface of
the body (garment). In order to exclude routine job from the
pattern making process CAD Systems are used. To gain a good
construction, exact, proper and accurate human body
measurements are needed. Measurements acquired by 3D
scanning device should be checked out for compliance with CAD
systems for automatized pattern making procedure.
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|. INTRODUCTION

The usage of garment designing systems excludes the time
consuming manual preparation of patterns, creation of layouts
and relocation of written information. Although computer
systems significantly facilitate the development of a product,
the knowledge and skills of the user are still very important.
One of the most important garment creation stages is
constructing.

The aim of this research is to check out compliance of 3D
scanned anthropometric data with a CAD Grafis measurement
chart.

I1. DESCRIPTION OF THE DATA PROCESSING SYSTEMS AND
METHODOLOGY USED FOR PATTERNMAKING

To conform and check the compliance of 3D scanned
anthropometric data with a CAD Grafis measurement chart, it
is necessary to create a table in order to construct a sample and
to verify measurements obtained and usability of them in CAD
Grafis. 3D scanning system VITUS Smart XXL, CAD system
Grafis and Pattern making system M. Miiller & Sohn are used
for this purpose. The methodology of measurement system of
M. Miiller & Sohn pattern making system is compared with
the scanner measurement acquisition methodology.

A. 3D Scanning System

Anthropometric data can be acquired with different tools.
Traditional methods use different manual tools (measuring
tape, anthropometer, etc.). As the technologies develop, new
tools are created and/or the existent ones are improved. A
relatively new tool (approximately since 1980 (1)) in
anthropometry is the 3D scanner.

Considering the advantages of 3D scanning, the scanning
technologies are being developed and improved. Most of the
scanners can not only create a 3D image of the human body,
but also read the x, y and z coordinates thereby acquiring
precise information about the human body and its volumes (2).

VITUS Smart XXL used in RTU IDT is a 3D body scanner
designed to generate highly precise 3-dimensional images of
the human body according to the 1SO 20685.

This technology can be utilized for a variety of applications
in fields as serial measurements and military working clothes.
VITUS Smart XXL is based on optical triangulation, currently
the most accurate method for touchless 3D imaging (3).

# ° GRAFIS - Edit measurement charts

File Edit Extras
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Standard
___ 380

01 Kh - Height 1680
02 Bu - Bust gith 880
03 Tu-Waist girth 720
04 Hu - Hip gith 970
05 Hsu - Base of neck 360
06 Hs - Neck width 67
07 Rh - Nape to scye 195
08 Rl- Mape to waist 416
09 Ht- Nape to hip b22
10 Rlg - Skirt length 610
11 Bt Il - Shoulder to bust 281
12 VIl - Shoulder to waist over bust 453
13 Rb - Across back 165
14 Ad - Scye width 93
15 Bb - Across bust 182
16 Schb - Shoulder 122
17 Aelg - Arm length from acromion 599
18 Obu - Upper arm girth 280
19 Hagu - Wrist gitth 158
20 SH - Waist to floor 1060
21 Lbh - Body rise 261
22 Schr - Inside leg 799
23 Knu - Ankle gith 245

Fig. 1. Measurements used in CAD Grafis M. Miiller & Sohn.

B. CAD System

Computer aided designing software not only provides the
possibility to speed up the process of putting a new model into
production and improve the quality of the products, but also to
reduce material costs and labor intensity, ensuring an elastic
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change of the assortment. Most of the systems are made by the
module principle in which separate garment designing stages
are implemented (4).

GRAFIS is CAD software for pattern design and marker
making. It offers creation and modification of pattern pieces,
grading and output to printers and plotters as well as export of
the finished pattern in several data formats. In addition
GRAFIS contains a marker making software, which enables
the placement of the completed styles and subsequent plotting.
Export to cutters is also possible. GRAFIS is used in industry,
craft and schools.

GRAFIS works with the construction principle as a standard
procedure. Body measurement charts are used to draft basic
blocks which are then modified into styles and production
patterns. These measurement charts can represent standard
sizes and/or individual sizes. The structure of the measurement
charts depends on the measurement system. The interactive
basic blocks delivered with the Grafis software relate to the
measurement charts (5).

C. Pattern System M. Miiller & Sohn

The principles of the pattern making system M. Miiller &
Sohn are as follows — the pattern system M. Miiller & Sohn is
based on the construction system with proportional
calculation. This pattern system takes into account different
figure proportions exactly (6). Modified patterns are created
from basic pattern blocks.

The advantages of the pattern system M. Miiller & Sohn
are:
o Fit for standard sizes as well as for made-to-measure.
o Pattern development in the building block principle:
existing basic patterns can be modified.
o Development of design variations from the same basic
pattern.
o Variable use of ease additions.
o Applicably for CAD-computer aided design.
Pattern system M. Miiller & Sohn is integrated into CAD
system Grafis. Fig. 1 shows the example of Measurement
Chart for German system women’s size 38.

I1l. ANTHROPOMETRIC DATA

There are two types of human body measurement acquiring
methods: manual anthropometry methods (contact methods);
optic anthropometry methods (non-contact methods).

A. Acquiring of the Data

To ascertain the compliance of 3D scanned anthropometric
data with a CAD Grafis measurement chart respondents (nine
women aged 20 — 30) were chosen. The summary of the
necessary measurements, the acquired measures from the
automated scanner and 3D anthropometrics are given in
Table I.

TABLE |
COMPARISON OF BODY MEASUREMENT LIST AND THE RESULT OF 3D SCANNING FOR TARGET GROUP
System M. Miller |, ANTHROSCAN
& Sohn automatic measurements Descripti
(standard posture) escription A B C D E F G H |
ID Name ID Name
Vertical height from standing
surface to the visual top of the
01 Kh | Height 0010 Body Height | head. The vertical distance is | 169.8 | 160.8 | 169.1 | 173.8 | 170.6 | 168.4 | 161.9 | 175.2 | 168.4
measured between the standing
surface and the top of the head.
The circumference of the chest is
Bust Bust/chest | measured across the bust point
02 Bu . 4510 girth landmarks. The circumferenceis| 95.0 | 103.4 | 93.2 | 89.8 | 88.1 | 97.1 | 934 | 98.6 | 86.9
girth . -
(horizontal) | measured parallel to the standing
surface.
The circumference of the waist is
measured in the height of the
natural waist (if feasible). The
03Tu | Waist | 6510 | waist Girth natural waist height is 698 | 828 | 704 | 759 | 69.9 | 70.7 | 77.0 | 80.4 | 645
girth determined by extracting a
contraction point on the side.
The circumference is measured
parallel to the standing surface.
The circumference of the buttock
is measured in a front-to-back
Buttock plane with the tape passing just
04 Hu [Hip girth 7520 Girth above the most protruding point | 92.8 | 112.1 | 98.3 | 999 | 96.6 | 93.1 | 102.1 | 106.2 | 86.7
of the buttock. The
circumference is measured
parallel to the standing surface.
Circumference measurement at
Base of Neck at Base-| the level of the base of the neck,
05 Hsu neck 1520 Girth just on the transition between 36.8 | 387 | 385 | 406 | 353 | 350 | 39.2 | 406 | 354
torso and neck.
06 Hs Neck Determined as proportion from
width neck circumference
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System M. Miller | _ . ANTHROSCAN
& Sohn automatic measurements Descrini
(standard posture) escription A B C D E F G H |
ID Name ID Name
Neck to Vertical measurement over the
Nape to across back | back from the 7CV landmark to
07 Rh scye 5030 width the (mid) level of the posterior 159 | 221 | 151 | 156 | 148 | 147 | 136 | 173 | 1438
(armpit level) armpits.
Neck to Measurement between the nape
0gRI | NWPEIO | 5oun | conter waist | (/CV) landmarkand thewaist | 599 | 575 | 359 | 413 | 380 | 389 | 352 | 375 | 39.1
waist b girth (code 6510) tape on the
ack
back.
Nape to Distance Vertical height between the nape
09 Ht hip 0040 neck to hip landmark and the level of the 59.3 | 539 | 60.8 | 60.8 | 57.0 | 57.1 | 549 | 56.9 | 60.1
buttock girth (code 7520)
10 RIg |§r$1 Should be chosen by user
Bust point to Measurement between the neck
Shoulder 4080 neck left ! K 255 | 285 | 284 | 286 | 26.7 | 29.1 | 268 | 28.2 | 255
118t - base at side to the bust point
to bust 4081 | Bust point to landmark 25.6 | 28.6 | 276 | 281 | 265 | 281 | 265 | 27.2 | 255
neck right )
ek it o] VETT L DT
12VIIH Ot\?e\:valjgt 4040 Wal;a;ver point (right) landmark to the 455 | 421 | 455 | 433 | 427 | 47.2 | 40.1 | 415 | 436
waist level (6510).
Horizontal measurement over the
AcCross Acr0§s Back body surface from armpit
13Rb back 5020 width landmarks on the back left to 381 | 355 | 326 | 348 | 333 | 388 | 340 | 381 | 34.6
(armpit level) -
right.
Upper arm
diameter left | Horizontal distance between
Scye 8910 ! 104 | 13.0 | 10.6 | 10.2 9.3 9.7 9.8 10.9 8.3
14 Ad width 8911 Udngfr:e?glfn front and bagl;dzr.mpltsonthe 116 | 130 | 107 9.9 8.9 9.2 9.7 112 87
right
Horizontal Measurement over
Across Width the body surface from armpit
15Bb bust 4020 Armpits | landmarks left to right across the 383 | 468 | 348 | 345 | 40.0 | 421 | 36.8 | 423 | 34.4
front of the chest.
Shoulder
. Measurement from the neck base
16 Schb | shoulder| 3000 | WAt M andmark at the side to the ﬁg ﬁi ﬁ? Eg’ E; ii? 190'67 122 e
; . acromion point landmark. : ’ : ' ’ ' : : '
width right
Arm Arm length | The distance is measured from
17 Aelg length 8030 left the top of the acromion point, | 55.2 | 60.7 | 57.5 | 59.5 | 60.2 | 60.3 | 59.2 | 63.5 | 56.2
from 8031 Arm length |then along the elbow landmark to| 56.2 | 60.9 | 57.3 | 62.3 | 60.2 | 59.4 | 57.8 | 645 | 559
acromion right the wrist landmark.
Upper Arm .
1800 Upper 8520 Gpi?th Left C"C“'L‘_fe“l*”cte measurement | o6 | 336 | 285 | 27.3 | 265 | 258 | 283 | 297 | 228
! ;,rrrt?] 8521 | Upper Arm pe;gfsnoffh:rbig:;;;ﬁﬂgégm 261 | 332 | 290 | 27.1 | 259 | 249 | 27.2 | 301 | 231
Girth Right
Wrist Girth
Wrist 8550 left Perimeter measured atthearm | 14.4 | 154 153 | 157 | 146 | 145 | 143 | 159 | 149
19 Hgu girth 8551 Wrist Girth extremity just before the 152 | 155 | 150 | 150 | 148 | 142 | 141 | 156 | 146
8555 right transition to the hand. 148 | 154 | 152 | 154 | 147 | 143 | 142 | 157 | 147
Wrist girth
Sideseam at Length measurement from the
Waistto| 9035 | waistleft | outersideofthefootonthe 1107911034 | 1070 | 1204 | 1089 | 107.9 | 107.3 | 1165 | 1059
205t | fioor 9036 | Sideseam at |S12nding surface tothe mostside |\ oo 1100 o | 1069 { 130.9 | 1005 | 1080 | 1073 | 1165 | 105.7
waist right point of the waist circumference : : : : : : : : '
(code 6510) measurement.
21 Lbh |Body rise| 2032/2036- Should be calculated 20 | 285 | 32 | 203 | 20 | 27 | 303 | 315 | 305
9020/9021
The distance is measured from
the inner side of the foot on the
29 Schr Inside 9020 Inseam left | standing surface to the lowest | 77.8 | 74.8 | 749 | 813 | 80.0 | 809 | 768 | 855 | 752
leg 9021 Inseam right |point of the crotch.. The subject's| 78.0 | 743 | 75.0 | 81.3 | 80.1 | 81.0 | 77.0 | 847 | 754
feet are placed in footprints
adhered to the standing surface.
Ankle Girth |Horizontal perimeter measured at
23 Knu | Ankle 9550 Left the height of the anklebone. The | 225 | 24.1 | 22.8 | 2563 | 231 | 23.1 | 222 | 26.7 | 23.9
girth 9551 Ankle Girth circumference is measured 223 | 240 | 230 | 252 | 240 | 232 | 227 | 270 | 241
Right parallel to the standing surface.
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3D scanning has several advantages compared to manual
measurements — it is fast, sequential, and has a higher
precision level. Using 3D scanning no professional knowledge
is needed to acquire the measurements — most of the systems
generate the measures of the human body self-dependently.

B. Data Analysis

Before the scanning experiment, measurements were made
manually; by comparing the data, it was concluded that the
deviations are within the acceptable range in accordance with
the standard 1SO 20685 if the measured person has no major
defects of posture. Almost all circumferences 3D scan data
while processed are set accurately horizontally (parallel to the
surface of the man standing), but manual measurements only
apply to the horizontal direction. For example, waist
circumference (ID 6510), the circumference is measured in the
height of the natural waist (if feasible) above the pelvic bone.
In the case of pelvic asymmetry this measurement is carried
out manually at an angle, while the automated 3D

measurement system is carried horizontally, thus it is not
possible to determine the appropriate measurement (see
Fig. 2.).

Fig. 2. Sample of scanned body surface with'asymm-etrical body sides for
measurement 1D 6510 Waist Girth.

With other important measurements there are similar
problems in the case of asymmetry.

TABLE Il

COMPARISON OF THE RESULTS OF MANUAL MEASUREMENTS AND
AUTOMATIC 3D MEASUREMENTS FOR ACROSS FRONT MEASUREMENT

,;;".lv

Fig. 3. Example of 3D body measurement ID 4020 Width Armpits.

Across front measurement obtained in 3D scanner is not
usable for tailoring needs, although it is measured from one
armpit to the other armpit (see Fig. 3), the result is not read by
the shortest surface distance, but along the perimeter of the
horizontal plane.

In addition, the study found that the difference is not
dependent on the size of the target group, namely the absence
of a correlation between the human body girth measured
values and ID 4020 with the measurement across bust (see
Table I1). However, there is a strong correlation with breast
location and size. Higher placement of breasts sets larger
horizontal measurement, and the difference between manually
and automatically derived measurements is greater (see
Table I11).

4 15 Bb Across 4020 Width Difference (cm)
bust (cm) Armpits (cm)
A 28 383 10.3
B 38 46.8 8.8
(o 345 348 0.3
D 34 345 0.5
E 33 40 7.0
F 38 421 41
G 37 36.8 -0.2
H 36 423 6.3
| 34 344 04

In some cases a horizontal cross-cutting plane is not an
appropriate measure of the distance measurements, such as the
measurement across the front (4020 Width armpits) is
measured as the Horizontal Measurement over the body
surface from armpit landmarks left to right across the front of
the chest, but compared to manual measurement results the
differences are significant (see Table II).
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B
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It is obvious, the more shaped and curved is the transversal
cross-sectional plane the higher the measurement is obtained.
It can be explained by the fact that the measurement is
obtained when directly measured horizontally along the
surface contour at armpit level, instead of finding the shortest
path between the two anthropometric points.

IV. AUTOMATIC PATTERNMAKING

For automated verification of the acquired measurement
CAD Grafis individual patterns are created. The
measurements obtained from 3D scanner placed into CAD
Grafis measurement chart (see Fig. 1) are compared with the
corresponding standard measures. Basic pattern blocks have
been chosen according to the pattern making system chosen
and ease allowances have been added afterwards (see Table 1V).

TABLE IV

EASE VALUES CHOSEN FOR INDIVIDUAL PATTERNS IN COMPARISON WITH THE
RANGE RECOMMENDED BY SYSTEM

Ease allowance Recommended | Allowance

range (mm) used (mm)
Across back width (10-15) 12
Scye (30 -40) 35
Across front width (15-20) 17
Shoulder 10
Waist girth (50 - 100) 70
Hip girth (30-60) 40

As shown in Table IV, none of the values used exceeds the

recommended range.

Fig. 4 shows the design of an

individualized set up and | B samples compared with the
corresponding standard block pattern and created the design

layouts.

2014/9
4020 Width 4020 Width . . e = e
# Armpits Armpits 402(((Jny(;ls|g_tsr;£igrrr]1)plts geaa=i@fems 5 ‘
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‘ B ni‘
. s ‘
G I3 R 0|
| o
/ | i
\ V!
H |f
L ®l

Sample B
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Sample |
Fig. 4. B and | samples and constructions in comparison with standard pattern
blocks. B is for size 024 and | for size 038.
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V. CONCLUSION AND FUTURE WORK

Currently existing procedure when from more than hundred
human body measurements obtained one should select the
required twenty three measurements is a tedious routine work
where the initial findings should be treated with numeric array
processing program then manually placed in CAD Grafis
table. In order to fully use the obtained 3D anthropometric
data and to insert them into fully automated CAD Grafis
table, during further research it is necessary to develop a
special devoted software.

Computer aided clothing designing and anthropometric data
acquisition possibilities available for use, systems and
methods have been studied and analyzed in the paper. The
possibilities of 3D human body scanning have been studied,
identified and systemized, characteristics have been given and
an analysis of possible combining has been performed.
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Ausma Vilumsone, Inga Dabolina. 3D skenéto antropometrisko datu atbilstiba CAD Grafis méru tabulai

Apgerbu projektésana ieklauj sevi virkni procesu, viens no laika, zinaSanu un darbietilpigakajiem procesiem ir konstruéSana. Konstrukcija atspogulo
nogludinatas cilvéka kermena virsmas (apgérba) izklajumu plakné (lekali, piegrieztne). Lai izsleégtu rutinas darbu, lekalu izstrades process tiek automatizéts
specialajas CAD sistémas. Lai iegfitu atbilsto$u individualiz&to konstrukciju, nepiecie$sami precizi, atbilstosi, savstarpgji saistiti cilvéka kermena méri. 3D skeneri
iegiitie antropometriskie dati uzskatami par preciziem, tiek iegti atri, bez tieSa kontakta ar apméramo, un vienlaikus visam cilvéka kermenim. Pirms veikta
skengSanas eksperimenta, tika veikti manuali mérijumi, salidzinot datus, secinats, ka to novirzes ir pielaujamas robezas atbilstosi standartam 1SO 20685, ja
méramais cilvéks ir bez nozimigiem stdjas defektiem. Ta ka $ads méru ieguSanas veids ir salidzino$i jauns konstrué$ana, ir japarbauda 3D skenéto
antropometrisko datu atbilstiba CAD Grafis méru tabulai.

Lai saskanotu méru tabulas un parbauditu to atbilstibu, ir jaizveido CAD Grafis méru tabula, lai veiktu maketé$anu un parbauditu iegtitos mérus un to lietojamibu
CAD Grafis. Sadam noliikam lietota 3D sken&$anas sistéma VITUS Smart XXL, CAD sistéma Grafis un Pattern making system M. Miiller & Sohn, kuras méru
metodika salidzinata ar skenera méru iegtisanas metodiku.

Pasreiz esosa procediira, kad no ieglitajiem vairak neka simts cilvéka kermena mérfjumiem jaatlasa nepiecieSamie divdesmit tris meri, ir nogurdino$s rutinas
darbs, kur sakotngji iegitie dati jaapstrada ar skaitlu masivu apstrades programmu, tad manuali jaievieto CAD Grafis tabula. Lai ieglitos 3D antropometrijas
datus pilnveértigi lietotu un automatizgti ievietotu CAD Grafis tabula, turpmakajas izstrades javeic atseviskas programmatiras izveide.

Aycma Buomcone, Mnra JlaGosuns. CoorsercrBue 3/[-cKaHHPOBAHHBIX AHTPOIIOMETPHYECKUX NaHHBIX Tabuue Mmepok B CAIIP TPAOUC
IpoekTnpoBaHue ONEK/bI BKIFOYAET PSJI MPOLECCOB, OJJHON M3 Hanboiee TPyTOEMKIX padoT, TPEOYIOMINX CIeNHaNbHbIe 3HAHWS, SBIAETCS KOHCTPYHPOBAHNE.
YToOBI MCKITIOUUTH PYTHHHBIA TPYH, pa3padOTKa JieKall aBTOMAaTH3NPOBaHa B crennanbHbIX cuctemax CAIIP. [l momydeHus WHIMBHIYaTbHON KOHCTPYKIIUN
HEOOXOAMMBI TOYHBIC, COOTBETCTBYIOLINE, B3aUMOCBSI3aHHBIC Pa3MEpHBIC MPHU3HAKK (QUIypbl KIMEHTa. Mepku, noiaydeHHble 3][-CKaHMpOBaHHUEM, MPHHSITO
paccMaTpuBaTh KaK TOYHBIE AHTPONOMETPHYECKHE JaHHBIE, WX TONYYaroT OBICTPO, O€3 HEMOCPEJCTBEHHOr0 KOHTAaKTa C OOMEpSEMBIM YEIOBEKOM W
OJIHOBPEMEHHO JIsl Beeil ¢purypsl. Ilepes skcriepiMeHTOM CKaHMPOBaHHS OBII MaHyaJlbHO CHATBI H3MEPEHMS, CPaBHEHNE JIaHHBIX 1TOKA3aJIo, YTO OTKIOHEHHS B
cootBercTBuu ¢ ISO 20685 He MpPEBBHIIAIOT JOMYCTUMbIE TPAHUIBI, ecii (GUrypa oOMepsieMoro He MMeeT 3aMeTHBIX nedekToB. Tak Kak JaHHbIH CrIoco0
TONYYCHNsI Pa3MEPHBIX TPHU3HAKOB [T KOHCTPYHPOBAHHS CPaBHHUTENBHO HOBBHIM, OBUIO HEOOXOJMMO TPOBEPHTH COOTBETCTBHE CKaHHPOBAHHBIX
AQHTPOIIOMETPHYECKUX JaHHBIX Tabiune Mepok CAIIP I'paduc.

YrtoObl cornacoBaTh TaOIMIBI MEPOK U MPOBEPUTH MX COOTBETCTBHE, HEOOX0AUMO co3aath Tabmuiy Mepok CAIIP I'paduc, M3roTOBUTH MakeT KOHCTPYKIMU U
IIPOBEPHTH IMONyYECHHBIE Pa3MEpHBIC MPHU3HAKM M BO3MOXHOCTh mX ucronb3oBanus B CAIIP I'padmc. C 3Toi 1enpro MpUMeHsuIach CKaHMpYOIas CHCTEMa
VITUS Smart XXL, Pattern making system M. Miiller & Sohn B CAIIP I'paduc, MeTonuka n3mepeHus GUrypbl KOTOPOI CpaBHUBANIACH C METOIHKOM CKaHepa.
CymiecTByromasi B HaCTOsIIee BpeMs MpOLEenypa, 0 KOTOpoi u3 Ooyiee 4yeM cTa U3MepeHHi HeoOXOAMMO OTOOpaTh HEOOXOMUMBIEC 23 M3MEpEeHHs, SBIETCS
YTOMHUTEIBHON PYTHHHOI paboTOM, T/ie CXOAHBIE JaHHbIE 00pabaTHIBAIOTCS MPOrPaMMOI YHCIIOBBIX MAacCHBOB, Jajiee OHM MaHYalbHO BBOJATCS B TaOJIUIly
CAIIP I'paduc. [l MOTHOIEHHOTO HCIOIb30BaHNUs 3] CKaHMPOBAHHBIX aHTPOIIOMETPUYECKUX JJAHHBIX U NX aBTOMATHYeCKoro BBoja B Tabimiry mepok CAIIP
I'paduc, B nanbHeiineM He0OX0AUMO Pa3padOTaTh OTACIBHYIO IPOTPAMMY.
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