
BOHR International Journal of Smart Computing and Information Technology
2022, Vol. 3, No. 1, pp. 14–19

https://doi.org/10.54646/bijscit.013
www.bohrpub.com

The Design and Analysis of the Bra Fit on V-Stitcher 3D Software

Mong Hien Thi Nguyen

Faculty of Mechanical Engineering, University of Technology-VNU–HCM, Ho Chi Minh City, Vietnam
E-mail: ntmhien14719@hcmut.edu.vn

Abstract. This paper presents the results of research and design of women’s bras and analysis of the product’s fit
on three-dimensional (3D) simulation software, V-Stitcher. The study was conducted on 130 females aged 25–35
years old. The research results were divided into four body shape groups from the sample based on classification
criteria for FFIT body shape, as measured by principal component analysis, factor cluster analysis, and an analysis
of variance test on SPSS software. Group 1 has 51 people, group 2 has 24 people, group 3 has 51 people, and the last
has 4 people. In each of the four groups, choose the one with the highest percentage by sample number to design
the base pattern. The products are evaluated on the model to check if the bra is comfortable when people wear it.
Besides that, products are simulated through 3D V-Stitcher software to check the fit through the display of different
colors on the tension and pressure charts. These evaluation results are checked for reliability by Cronbach’s alpha
coefficient. The results of this study provide a way to assess the fit of clothes in accordance with the current 4.0 trend.

Keywords: bra, simulation, fit clothes, body shape, principal component, V-Stitcher

INTRODUCTION

Underwear in general and the bra in particular are indis-
pensable in women’s daily lives. The function of a bra is to
support the volume of the breast while helping to improve
its appearance, usually by increasing breast size [1]. There-
fore, the shaping of the bra is very high to achieve the
technique for a well-balanced natural fit [2]. Wearing a
bra is just as important as wearing outerwear because
it comes into direct contact with the skin of the body.
However, it has been reported that 70% of the female pop-
ulation in the United Kingdom, especially large-breasted
women, wear the wrong bra size [3–6]. One study sur-
veyed 100 women and found that they were wearing
the wrong bra size 77% of the time [7]. What’s particu-
larly sad is that women who need bras with the most
support are the least likely to get bras that fit and feel
comfortable. This can significantly affect their physical
health and quality of life [8, 9]. A well-fitting bra is sug-
gested to be important in providing adequate support for
the breasts and for comfort [10], as bras are often worn
when in direct contact with the skin for more than 12
hours a day [11, 12]. There are many kinds of under-
wear for body shapes such as triangle, rectangle, hourglass,
and spoon shape [13], and they are created by smart fab-
rics [14]. Therefore, it is necessary to research and design

women’s daily bras and simulate them with V-Stitcher
software to check the fit in the design of the sample quickly
and save money because of the trial sewing. This study
will show different body shapes in the upper bodies of
Vietnamese females when measured. These physiques are
simulated through the avatar’s images of V-Stitcher soft-
ware. This research direction is a sample testing method
that minimizes sample sewing time and raw material
costs. Furthermore, customers can see the product in the
shortest time to meet the urgent needs of consumers and
producers.

MATERIAL AND METHODOLOGY

Material
Vietnamese females between the ages of 25 and 35.
Determine the sample size according to the following for-
mula (1):

n =
t2 × σ2

m2 =
1.962 × 2.912

0.52 = 130 (people) (1) [19]

In Equation (1), n is the sample (people); t is the Student
coefficient (t = 1.96); m is error (m = 0.05); and σ is standard
deviation (σ = 2.91 cm). Thus, the sample size selected for
this study has an accuracy of 95% and requires 130 people.
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Table 1. The result of body shape analysis.
Sample Group 1 Group 2 Group 3 Group 4

STT Dimensions Positions N = 130 (100%) N = 51 N = 24 N = 51 N = 4 F Sig
Average SD Average Average Average Average

1 Height A 155.65 4.18 156.51 158.71 153.78 150.0 14.13 0.000
2 Side length B 97.32 1.42 97.2 97.3 97.4 97.4 4.38 0.000
3 Waist length C 38.27 2.17 38.78 38.06 37.96 36.75 2.08 0.011
4 Bust depth D 23.27 1.50 24.13 22.75 22.79 21.50 12.94 0.000
5 Arm length E 54.96 3.61 55.89 55.92 53.83 51.70 4.83 0.003
6 Across shoulder F 35.80 2.16 36.47 36.08 35.18 33.50 5.16 0.002
7 Across back G 33.98 2.27 35.04 33.83 33.34 29.50 13.13 0.000
8 Across chest H 31.50 2.14 32.46 30.75 31.14 28.50 8.95 0.000
9 Chest I 82.09 4.25 85.57 77.58 81.34 74.25 60.65 0.000
10 Bust K 85.13 4.18 88.63 80.23 84.53 77.50 75.82 0.000
11 Lower bust L 73.85 4.43 77.00 68.63 73.67 67.50 46.10 0.000
12 Waist M 70.87 5.15 75.00 64.27 70.45 63.00 73.23 0.000
13 Abdomen N 85.71 5.27 89.56 81.79 84.66 73.50 41.40 0.000
14 Hip O 90.67 4.95 94.39 86.88 89.62 79.50 43.34 0.000
15 Armhole P 36.92 3.46 37.83 35.02 36.82 37.88 3.96 0.010
16 Bicep Q 26.65 2.78 28.03 24.21 26.33 27.63 14.04 0.000
17 Thigh R 52.36 3.86 55.04 48.94 51.73 46.75 29.66 0.000
18 Calf S 33.23 2.49 34.36 31.79 32.74 33.70 8.07 0.000
19 1/2 bust gap T 17.06 0.77 17.22 16.79 17.08 16.50 2.48 0.064
20 Bust slope U 18.63 1.25 19.04 18.42 18.42 17.25 4.49 0.005
21 Bust height Pu-PB.P 7.77 0.97 8.04 8.06 7.42 7.00 5.58 0.001
22 Side bust arc Po-PB.P 9.50 1.21 9.64 9.48 9.39 9.13 0.48 0.698
23 Center bust arc Pi-PB.P 8.45 0.91 8.64 8.35 8.36 7.63 2.10 0.104
24 Middle of bust V 1.72 0.26 1.69 1.60 1.80 1.75 4.08 0.008

The research uses Gerber Accumark 2D and V-Stitcher 3D
software. Besides that, lace babric is used to sew bras.

Methodology

The method of data collection: directly measuring 24
anthropometric dimensions, including 1 height, 3 body
length dimensions, 14 body circumference dimensions,
and 6 bust-related dimensions. Body shape analysis tech-
niques: Using SPSS 21.0 software to perform principal
component analysis of a set of dimensions to reduce
large amounts of data into a small number of subgroups
with common features. It uses analytical subgroups of
subjects by K-means and discriminant analysis to find the
differences between groups of research subjects [15, 16].
Finally, it is used to test analysis of variance (ANOVA) for
the mean of independent sample groups. Based on this test
result and FFIT’s criteria to classify body shape, the bras
are created using a two-dimensional (2D) pattern from the
basic block [17] and the bra design formula system [18].
The results of the study are tested for fit on a 3D simulated
method through the tension map and pressure map.
They are checked for reliability according to Cronbach’s
alpha coefficient.

RESULTS AND DISCUSSION

Analysis of the Body Shape

Through a survey of 24 body sizes of 130 women in the
study age group to analyze the body shapes by the K-mean
cluster method. The results show the mean and standard
deviation (SD) of the four body groups as follows (Table 1).
The body’s dimensions are measured as in Figure 1.

The results of the classification of 130 samples into 3
kinds of groups are as follows: there are three groups, four
groups, and five groups. Besides that, K-mean cluster anal-
ysis allows the analyst to proactively impose the number
of groups to be classified. Based on the results of K-mean
cluster analysis, initially choosing the solution divided into
three groups, four groups are the most suitable because the
distribution chart of these groups has no overlap between
the groups (Figure 2). Combining the ANOVA test, describ-
ing the data dispersion, the solution divided into four
groups was selected. In the solution for four groups, the
difference between variables is the highest compared to
the three group solution. The solution of dividing into four
groups with 23/27 variables with a Sig < 0.05 value shows
that there is a quantitative difference between the groups
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Figure 1. Positions to measurements of the body.

Figure 2. The distribution of samples (three group, four group, and five group).

being compared. Based on classification criteria for FFIT
body shape, all groups are simulated on virtual avatars.
Groups 1 (Figure 3) and Group 3 (Figure 5) have oval-
shaped bodies. Compared with Group 3, Group 1 had
wider shoulders, bust, and waist circumference. In Group
3, the waist was not clearly distinguished from the buttock
circumference. Group 2 (Figure 4) has an hourglass shape
with a slight difference in hip and bust measurements of
about 6.65 cm. The waist measurement (64.27 cm) is clearly
distinguished from that of the hip (86.88 cm) and the bust
(80.23). Group 4 (Figure 6) has a rectangular shape. The
measurements of the hip (79.5 cm) and the bust (77.5 cm)
are not significantly different. The waist (63 cm) is not

clearly distinguished compared with the buttocks and the
bust.

These different variables are the characteristic dimen-
sions of the upper body: bust, waist, shoulder width,
cross-chest, and bust height. The dimension components
that need attention when designing samples, which have a
great impact on the body analysis process for Vietnamese
women aged 25–35, are shoulder width, across front/back,
bust, waist, and hip. Based on the chest shape profile, it
shows that the busts of four groups have different average
bust sizes, but there is not much difference in bust shape.
In Group 1, the average bust measurement was 88.6 cm,
Group 3 was 84 cm, and the difference in bust between
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Figure 3. The Shape of Group 1.

Figure 4. The Shape of Group 2.

Figure 5. The Shape of Group 3.

Figure 6. The Shape of Group 4.

Figure 7. Body difference across four groups (Groups 1, 2, 3, and
4: black, purple, red, and blue).

the two groups was 4.6 cm. Group 2 has an average bust
measurement of 80 cm, while Group 4 is 77 cm. The dif-
ference in bust between the two groups is 3 cm. Group 2
(purple color) and Group 4 (blue color) have relatively sim-
ilar bust sizes, being smaller than Group 1 (black color) and
Group 3 (red color) (Figure 7).

The Designing of the 2D Basic Block
Based on Table 1, Group 3 is the group with the average
measurement among the four groups and also the group
with the largest number of people (39%), so Group 3 will be
selected as the base group for flat pattern design (Table 2).

Analysis of the Fit of the Samples
Fit clothes are all about the feeling of satisfaction when
wearing them. Figure 8 shows three designs worn on
models with base group body measurements. The survey
of satisfaction about wearing feelings was conducted on
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Table 2. The sketch and the technical design for bras.
Sample The Sketch and the Technical Design
1

2

3

Table 3. The Cronbach’s alpha for bra samples.
Samples Cronbach’s alpha N of Items
Sample 1 0.887 6
Sample 2 0.893 6
Sample 3 0.829 6

Figure 8. Bras wear on models.

Figure 9. Bras simulation on avatars that fit perfectly.

10 people with bust measurements belonging to the base
group, with six criteria: comfort, beautiful design, like to
use, and easy to wear, round fit chest, and easy movement.
They all agree with these six criteria. Then, calculate Cron-
bach’s alpha with SPSS to evaluate the reliability of the
resulting scale. The results of five samples show all greater
than 0.7 (Table 3). This shows that the aforementioned sur-
vey results are completely reliable; there is a correlation
and consistency in the answers of the respondents.

In addition, the authors use 3D V-Stitcher software to
test the fit of the bras on the virtual avatar (Figure 9). The
grid areas are green and yellow, showing that the designs
fit perfectly and bring comfort and ease to daily use.

CONCLUSION

From the measurement data of 130 women aged 25–35 in
the study, four groups of female body shapes with differ-
ent chest profiles were classified in each group. In addition,
the study uses SPSS software to process data by princi-
pal component analysis, factor analysis, and offers many
subgroups to choose from. The subgroup with four differ-
ent female body shapes was selected after conducting an
ANOVA test. The analyzed body shapes are as follows:
Group 1 and 3 have an oval body shape; Group 2 has
an hourglass figure, and Group 4 has a rectangular body
shape. Base sample Group 3 has measurement parame-
ters close to the average of four groups, so it is selected
as the base group for 2D flat pattern design and simula-
tion design for three bras on V-Stitcher. As a result, this
has scientific and practical significance in the field of cos-
tume design and opens up deeper and broader research
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directions for other types of clothing. As a result, designers
can use the data in the table to design patterns for female
subjects whose bust measurements are similar to the basic
block. In addition, the study also provides adjustment
directions for the design positions of the body shapes to
achieve the right fit, establishing a new size chart for Viet-
namese women.

REFERENCES

[1] W. Yu, J. Fan, SP. Ng and SC. Harlock. (2006). Innovation and Tech-
nology of Women’s Intimate Apparel. Woodhead Publishing.

[2] S. Zhang, K. L. Yick, J. Yip, W. Yun and K. P. M. Tang. (2021). An
understanding of bra design features to improve bra fit and design
for older Chinese women. Textile Research Journal. 31 (3).

[3] B. Lipton. (1996). Are you wearing the wrong size bra?. Ladies Home
Juornal. 3 (46).

[4] L. McLaren and D. Kuh. (2004). Body dissatisfaction in middle-aged
women. Journal of Women and Aging. 16(1), 35–54.

[5] American Cancer Society, Mastectomy products, https://www.tlcd
irect.org/Mastectomy-Products-Bras-Camis-Turbans-%20Nightg
owns-American-Cancer-Society-TLC-Direct, 2014.

[6] K. Boyes. (1996). Buying the perfect bra, Good Housekeeping. 8(50).
[7] E. A. Pechter. (1998). A new method for determining bra size and

predicting postaugmentation breast zize. Plastic & Reconstructive
Survey. 102(4), 1259–1265.

[8] A. R. Greenbaum, T. Heslop, J. Morris and K. W. Dunn. (2003).An
investigation of suitalibity of bra fit in women referred for reduction
mammoplasty. British Journal of Plastic Surgery. 5(6), 230–236.

[9] S. Zhang, K. Yick, J. Yip, W. Yu and K. M. Tang. (2020). An under-
standing of bra design features to improve bra fit and design for
older Chinese women. Textile Research Journal.

[10] L. Wood, J. White, A. Milligan, B. Ayres, W. Hedger and J. Scurr.
(2012). Prediction of three-dimensional chest dynamics when run-
ning bare-chested. Medicine and Science in Sports and Exercise. 44(7),
1351–1357.

[11] W. Yu. (2011). Achieving comfort in intimate apparel. In: Song G (ed.)
Improving comfort in clothing. Woodhead Publishing. pp. 427–448.

[12] H. S. Jung and M. H. Na. (2016). Development of a Water-Droplet-
Shaped Bra Mold Cup Design. Indian Journal of Science and Technol-
ogy. 9(35).

[13] K. Simmons and C. L. Istook. (2004). Female Figure Identification
Technique for Apparel. Journal of Textile and Apparel, technology and
management. 4, 1–5.

[14] G. Wallace, J. Steele and K. A. Bowles. (2000). Smart Bra Heralds the
Age of Intelligent Fabrics. Technical Textiles Internationa. 9(6), 32.

[15] H. Trong and C. N. M. Ngoc. (2008). Phan tich du lieu nghien cuu
voi SPSS (1). Hong Duc Publishing.

[16] H. T. and C. N. M. Ngoc. (2008). Phan tich du lieu nghien cuu voi
SPSS (2). Hong Duc Publishing.

[17] H. J. Armtrong, 5th. (2010). Pattern Making for Fashion Design.
Pearson Publishing.

[18] K. Shin. (2010). Patternmaking for Underwear Design. Createspace
Publisher.

[19] N. V. Lan. (2003). Xu ly thong ke so lieu thuc nghiem. Vietnam
National University Ho Chi Minh City Publishing.

https://www.tlcdirect.org/Mastectomy-Products-Bras-Camis-Turbans-%20Nightgowns-American-Cancer-Society-TLC-Direct
https://www.tlcdirect.org/Mastectomy-Products-Bras-Camis-Turbans-%20Nightgowns-American-Cancer-Society-TLC-Direct
https://www.tlcdirect.org/Mastectomy-Products-Bras-Camis-Turbans-%20Nightgowns-American-Cancer-Society-TLC-Direct

	Introduction
	MATERIAL AND METHODOLOGY
	Material
	Methodology
	RESULTS AND DISCUSSION
	Analysis of the Body Shape
	The Designing of the 2D Basic Block
	Analysis of the Fit of the Samples

	CONCLUSION




