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Development of a Semi—Atomatic Protocol for embodiment of a
desirable 3D breast shape and deployment of bra cup pattern

Boo—hyun Sohn - Soo-ae Kweon'
Dept. of Fashion Design Information, Chungbuk National University

Abstract

A breast model was for the human body was devised by studying a body scan and
human body index of a desirable breast type. Thus, when manufacturing various 3D models,
these results can accordingly become a fundamental basis for realizing a desirable breast
model. This study aims to provide a basic data for designing the cup patterns of brassieres
in order to improve the function and wearing comfort. The comfort of three kinds of
brassieres were compared: one manufactured by the actual measured size; another
manufactured as per the ratio of desirable upper and lower breast lengths; and the third
manufactured by the 3D model attained by the desirable human body ratio. In this study,
we suggest a process for realizing the desirable breast model using the ratio of bust
breadth and waist front length, which are the components for deciding the appropriate
position and size of breast, and which are easy to measure. The ideal breast shape is an
equilateral triangle formed by connecting the nipple with the center of the clavicle. After
deciding the interval between the nipples, this value can be used to configure the locations
of nipples by drawing a tangent, with equal length, from the anterior neck point (which is
the center of clavicle) to the nipple. Also, since inside points of breast do not exist, the
outer point of breast, upper point of breast, and below point of breast on the same plane,
and the depths from the nipple point to the respective points, are applied to simulate a 3D
image, by modifications along the X, y, and z axes. Depending on the type of breast, the
length from the center of shoulder to the nipple, the diameter of breast, upper length of
breast, and the position of nipple, are different. In conical or protruding breast, the wearing
sensation is better when the nipple point of brassiere was lifted, by modifying the upper
and lower lengths of breast. Considering the wearing sensation and function of a brassiere,
it was better to leave the wearer’s size as it is and use a pad within the same cup, rather
than increase the basal area of the breast in order to increase the volume.

TCorresponding author: Soo-ae Kweon, Tel. +82-43-261-2748
E-mail: sooae@cbnu.ac.kr
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Selected group
(N=31)
26.13(1.45)
29.32(1.95)
23.03(1.77)
18.37(1.23)
8.27(0.66)
6.05(1.16)
7.93(1.22)
5.64(1.16)
9.26(0.70)
10.89(1.16)
10.17(1.14)
7.26(1.98)
5.01(0.84)
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Bust breadth

Waist front length

[tems
Height of the nipple

Midshoulder to bust point
Bust point-bust point
Inner diameter of breast
Quter diameter of breast
Upper diameter of breast
Below diameter of breast
Inner length of breast
Outer length of breast
Upper length of breast
Below length of breast

10

The dimensions used in the
factor

Table 1. Dimensions Used in the Factor
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Table 2. Factor Using Proportion of Desirable Breast

Factor Proportion Process
I Bust breadth/bust point-bust point=1.42 This determines the front position of
Il Waist front length/mid shoulder to bust point=1.27 bust point.
This sets the interval of inside point of
Bust breadth/(inner diameter of breast -+outer breast and Quter point of breast.
1l ) _ =>(Inner diameter of breast +outer
diameter of breast )=1.83 . . .
diameter of breast) are inputting the
factor IV.
This set the location corresponding to
inside point of breast and outer point of
v (Inner diameter of breast +outer diameter of breast | breast X, Y
)/Inner diameter of breast=1.73 (upper diameter of breast +Below
diameter of breast)are inputting the
factor VI.
This sets the interval of upper point of
(Inner diameter of breast +outer diameter of breast | breast and below point of breast.
\ )/(upper diameter of breast +below diameter of | =(upper diameter of breast +Below
breast)=1.06 diameter of breast) are inputting the
factor IV.
This determines the front position of
VI (Upper diameter of breast+below diameter of g?ep;srt point of breast and below point of

breast)/upper diameter of breast=1.71

Inner diameter of breast +outer diameter
of breast are inputting the factor VII.
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Table 2. Continued
Factor Proportion Process
) ) This sets height of the bust point.
(Inner diameter of breast +outer diameter of . N P .
VI breast)/height of the bust point=2.86 Inner diameter of breast +outer diameter
) of breast are inputting the factor VIl
This determines the length of .inside
) ) oint of breast ~bust point~outer point
Inner diameter of breast +outer diameter of gf breast P P
Vil breast)/(inner length of breast +outer length of »
breast )=0.71 upper diameter of breast +Below
’ diameter of breast)are inputting the
factor IX.
) ) This determines the length of upper
(Upper diameter of breast+below diameter of point of breast~ bust pointg~ below ppopint
IX breast)/(upper length of breast+below length of !
breast )=0.78 of breast. and then, it make the shape
) of the breast.
Factor I  Factor T ) determining the front position
¥ " of bust point.
Shoulder line ~_— ! |
setting the interval of inside point of
\ ‘ 5 Factor I = breast and outer point of breast.
! /
Factor I ¥ . setting the location corresponding to
\ z Factor V. = i ide point of breast and outer point
\ '_ of breast X, Y
\ .. setting the interval of upper point
/‘ IREE — of breast and below point of breast.
_determining the front position of
\ Bl — upper point of breast and below point
/ Factor VI ‘ e
Factor V Factlor I . Erctor v
y /. Factor VI > setting height
Factor IV of the bust peint.
! J ) Factor IX
Factor I

Waist front length

Figure 1. Process of Creating an Image of the Breast
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Table 3. Physical Characteristics of Subjects cm
siects] o g el o e | Flalmul ol k] L]wm

ltems

Neck base 38.0|365 360|353 39.0 | 37.0 | 358 |37.0|388|385]36.037.0 363

circumference

Chest 79.0| 75.5 | 80.0 | 80.5 | 88.0 | 84.5 | 76.0 | 77.5 | 84.0 | 90.0 | 80.5 | 82.5 | 77.0

circumference

Bust 78.0|76.0 | 85.0 | 85.0 | 91.0 | 86.0 | 81.0 | 82.5|90.5|95.0 | 86.0 | 88.0 | 84.5

circumference

Underbust 69.5|67.0 | 76.0 | 75.0 | 81.5 | 765 | 70.0 | 73.5 | 74.0 | 80.0 | 675 | 72.5 | 72.0

circumference

Waist 655|605 | 66.0 | 69.0| 75.0 | 68.0 | 61.5|67.3|70.0|73.0| 658|680 |66.0

circumference

Bust breadth 043|243 (270|258 298 | 274 | 256|257 |26.9| 286|265 | 26.1 | 25.9

?’evrf;th”"m 30.0|29.0 | 305|335 32.0 | 340 |30.0|32.0(30.0|35832.0]320]295

Neck point to 203210235 25 | 27.0 | 26.0 | 24.0 | 252 | 27.8| 26.3 | 28.5 | 285 | 24.8

bust point

Anterior neck 10 11g 0l 475 1 17.8 | 21.0| 225 | 21.0 | 20,0 | 20.8 | 21.6| 22.8 | 23.0 | 235 | 20.6

bust point

Midshoulder to-\ o 1 19.0 | 215 | 23 | 255 | 24.0 | 21.2 | 235 | 24.8 | 245 | 262 | 26.5 | 225

bust point

Space between
the inside points 13120 | 20 | 1.7 1.9 1.8 04 103]04|09]05]| 10113

of breast
Sgis;tpo'”t‘b“ﬁ 19.0( 17.4 | 18.4 [ 19.3| 20.7 | 19.9 | 165 | 17.2|18.0 | 186 [ 16.5| 19.1 | 18.6
Below length of | ¢ | 55 | 69 | 50| 63 | 74 | 72 |58 | 78|82 |80 | 68 |80
breast
'b”rgzrst'e”gth o 180 |80 |84 87| 90 | 94 | 90|85 |104]100|113|105]92
puter tendh of 170 | 75 | 85 | 95 | 10.0 | 98 [115]105| 130|130 138 | 125|115
gi‘;‘z lenath of 1 75| 68 | 67 | 8.0 | 100 | 95 |100]|100 119|108 123|123 90
inner diameter of | g 7 | 69 | 63 | 8.1 | 83 | 81 | 65|77 | 79|86 |81 |105]|7.4
breast
Outer diameter | 39 | 55 | 65 | 45| 7.1 | 6.1 | 60 | 64 |62 |90 |73 |62 |64
of breast
Upper diameter | 65 | 64 | 6.4 | 86| 7.7 | 86 | 7.5 | 7.7 [103] 66 | 101 | 100 | 7.9
of breast
Below diameter | 56 | 55 | 63 | 48| 53 | 63 | 52 |50 | 58| 7.7 | 51 | 38 | 53
of breast
inside depth of | 51 22 | 52 | 60| 56 | 50 |60 | 48 | 83|66 |78 |63 |62
breast
outer depth of | 55| 48 | 62 | 84 | 96 | 98 | 90 | 8.1 |[10.8] 9.4 | 11.4| 95 | 65
breast
upoer depth of | 55 | o5 | 38 | 38| 58 | 53 | 55|67 | 79|78 88|67 |67
breast
Height of the 25|23 | 44|38 | 48 | 47 | 55|38 |64|53|70]|58]|54
nipple
Breast type Flat breast Hemisphere breast Cone breast Protrusion breast
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I'

Fad type Brassiere type
type Bra cup made by real
1 Fad for lower cu
F
Cup—shaped pad, " | oo Bra cup made adjusting
2 top is thin and | yﬁ to ideal  ratio on the
lower is thick. n upper and lower length
t Bra cup made by breast
" | using 3D body contouring
A Round pad around type / ]
3 O ) 4 on proportion of bust
. » the nipple I 5 .
breadth and waist front
length
b
) a
4 Overall thin pad c
k

Figure 4. Brassiere Cup and Fad Type

(30.0cm)Z K40 IY5H0I HIRRE FersAtst AFYO GIENE RIIsUHI(25.6cm), YS4
= 2t 990 Ol X|AZ ABHAULE 201(30.0cm)2 HIEAB REXZHA2 18.02cm,
LIRSl OHIOS 0l ATE KO Hi2HEISH MBR|2t OM  Jt20ENA RJEXEMNSY  Z0ol=
22 17.11cm, O JI2CIEANA EZNENMKS 23.62cm, 7 AFXNF2 8.09cm, HIZE KBS
210|= 23.62cm, S8 HEXAS 7.68cm, HIZE 5.90cm, 9I&&A 7.72cm, OfHE A 5.48cm, REX
@2 560cm, 2= 7.33cm, OrHEZ 5.20cm, &8 =0l 4.89cm, % Z0I2t Ht2%E Z0l9 &
MBIA =0|= 4.64cm, OHE 210|9F HIZZE 20| 2 19.70, 212012t otsHZ0l2l &2 16.92cmZ Lt
o g2 18.70cm, <QZ0Ig orH0lol Ee EbtCt.
16.06cmz LIEHGCY SEHO |TEXY #II&5UHHI(26.9cm) 2t 2E4
sto BRSOl CIE XS HIFSUHHI(27.0cm) et 2101(30.0cmE WYsto 01X SYMREsS
AZAI20(30.5cm)S BN HiZIst HRT|2 FEE 21 igXet REX2EES 18.94cm, M
212 19cm, O JI2CIEMA REXENKIC 2 IF2UBUA REXENXS Z0l= 23.62cm, =
Ol 24.02cm, R HZXAS 853cm, HIZZ g UEXRFES 8.50cm, HHZ2E HEE 6.20cm, ?
MNP 6.22cm, AXZ 8.14cm, OrHEF 5.76cm, A& 8.11cm, OrHAZ 5.76cm, REXE =0=
HMEF =0/ 5.16cm, 9% 20|19 HIZZ 20| 5.14cm, 2HEZ0I9 B2=Z019 &2 20.70,
o B2 20.77, Y2012 OrH2012 B2 17.85cm 2012 OFZ0IS &2 17.78cm= LIEHIT
2 LIEHCH Hi2tZIsh 281280 oI HIS8S X25t0 At
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Table. 4 Dimensions of Body for Shaping of the Desirable Breast Using Factors

SeiXIo & HELZ &Y

A C G I
F Bust _ Bust Bust
a Subjects breadth=04.3 | oSt DreaMN=2T] 1 aitn=05.6 | breacth=26.9
) Waist front : .
c Waist front lenath=30 5 Waist front Waist front
t length=30.0 < ' length=30.0 length=30.0
0 . Desirable| Actual | Desirable | Actual | Desirable | Actual | Desirable | Actual
Calculation Extracted | o B A L e | .
r ) ) ) . dimensio | dimensi | dimensio | dimensi | dimensio | dimensi | dimensio | dimensi
using the ratio dimensions
ns ons ns ons ns ons ns ons
(24.3)/bust .
| |point-bust bgitpmnthSt 17.11| 19.00] 19.00 1840 18.02| 165 18.94| 18.00
point=1.42 P
) |(c00)/mid shoulder |mid shoulder to| 5 ol 50 00l pg.02| 2150| 2362 212 2362 2480
to bust point=1.27 |bust point
(24.3)/(inner (inner diameter
diameter of breast |of breast
1l . ) 13.28| 12.60 14.75| 12.80 13.99| 125 14.70| 14.10
+outer diameter of |+outer diameter
breast)=1.83 of breast)
(upper diameter
giaézr%t(g? F:c)ﬁrbreas’[ of breast
v +below diameter +below 12.53| 12.40 13.92| 12.70 13.20| 12.7 13.87| 16.10
diameter of
of breast)=1.06
breast)
(10.26)/inner '(;}”Erre‘:;meter 768 870 853 630 809 65 850 7.90
V' |diameter of outer diameter
breast=1.73 5.60[ 3.90 6.22| 6.50 5.9 6.0 6.20| 6.20
of breast
(12.50)/upper zfpber;:;fmeter 7.33| 6.80] 814 640 7.72] 7.5 811 10.30
VI'|diameter of below diameter
breast=1.71 5.20 5.60 5.78| 6.30 5.48 5.2 576/ 5.80
of breast
(1326)/height of the [height of the
Vil bust point=2.86 bust point 464 2.50 516 4.40 4.89 5.5 5.14| 6.40
(1328)/(inner length |(inner length of
i |OF breast +outer jbreast +outer | a1 4500l 0077 1690 19.70| 205 20.70| 23.40
length of length of
breast)=0.71 breast)
(12.53)/ (upper length g;pper length
X gﬂg{ﬁaj}me'ow breast+below 16.06| 13.5| 17.85| 13.6] 16.92| 17.2| 17.78] 19.7
- length of
breast)=0.78 breast)
Flat breast Hemisphere Cone breast Protrusion
breast breast

* It illustrates a case of the subject A
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Body Scanned 3D

1 Inner length 8

2 Outer length 9

3 Upper length 10
4 Under length 11
5 Upper~inner length 12
6  Upper~outer length 13
7 Under contour length 14

Bust circumference

Underbust circumference
Anterior neck to bust point
Neck point to bust point
Mid-shoulder to bust point

bust point-bust point

Center front length

i Esthetic Breast Modeler

Load Shape Data

Load Body Clear Body

& DView (20 Paltem
¥ Actual [V Idesl v Body

[ Wiefiame [V Landmark [ Asie

Irilial View
e e _
H Caicudale Volune T Measured = 401.4 (cc)
d RN e
Export Brest Mesh Difference = 958 (cc)

="l

b

atb

Actual shape

Desirable shape

Polymerization of actual
and desirable shape

Deployment 2D—patterns
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Table 5. Wearing Evaluation on Brassiere Cup of type |, type Il, and type |l

M(SD) n=39
Section [tem type | type |l type |l F-value
3.26 3.12 3.24
Top edges of the cup (0.58) (0.61) (0.91) 0.34
Side edges of the top cup (036102) (0268231 (035197) 1.99
Fit Lower edge of cup (03;&?)) (03'5%3 (03'7272) 1.52
3.67 3.51 3.31
Center front (0.76) (0.64) (0.65) 2.82
) 2.98 2.91 3.00
Side bone (0.37) (0.48) (04n| %0
1 = very tighten, 3=suitable, 5=very loose
) Dysenteric feeling on bottom edge of 3.86 3.62 3.71
Material | e bra cup (0.81) (0.81) 0g)| %
, . 3.62 3.56 3.36
Cup's band slippage (0.83) (0.79) osn| °
movement . 3.48 3.23 3.07
conformity | /Ing's clamber upward (0.83) (1.00) (004)| 2%
) 3.64b 3.65b 3.24a
Cup slippage (0.89) (0.90) (00| 2™
1=very dis—satisfaction, 5=very satisfaction
Supporting breast (206705? (208718? (32)2898? 6.41%x
Converge breast in the center 8%776)1 (%%ZS‘ (%78%? 7.10%%x
Well-covered breast (20 5951? é%l)? (3()%42? 19.17#%x
Suitable space between the bust inner 2.60 2.56 2.81 105
Function points (0.92) (0.86) (0.83) '
Well-fit of the lower edge of cup 2.58 2.63 2.92 1.55
(0.83) (0.88) (1.06) )
Optimize breast shape (20288? é%%? (30%82? 31.74%x%
Good overall shape (20277? (21%153) (AE)EBAé? 31.01*x*
2.14a 2.56b 3.38¢c
Comfortable (0.76) (0.87) (0.97)| 2183

1=very satisfaction, 5= very dis—satisfaction
*p<.0,5 **p<.01, ***p<.001
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