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Technical Design of Tight Upper Sportswear based on 3D Scanning
Technology and Stretch Property of Knitted Fabric
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Abstract : This research studied how to develop tight upper sportswear from 3D scan data considering fabric stretch
property. Subjects were five Korean men of average figure in their 20’s. Scanning was done for ten postures via vitus
smart/pro(Techmath LTD). Analyzing from 3D scan data, more than 70% of the upper body surface showed surface
change rate under 20%. It was shoulder and under arm side part that showed most noticeable body surface change when
moving. A parametric model with convex surface was generated and flattened onto the plane, resulting 2D pattern. The
error rate occurring in the process of 3D to 2D conversion was 0.2% for outline and 0.13% for area, respectively. Thirteen
kinds of stretchable fabrics in the market were collected for this study. Stretch property was in the range of 16.0~58.2%
for wale direction; 23.1~78.4% for course. Based on wear trial test, four fabrics were chosen for making the 1st exper-
imental garment and finally one fabric was chosen for the 2nd one, which was developed applying 4 kinds of crosswise
reduction rate on 2D pattern: 0, 5, 10, and 15%. Through wear trial test and garment pressure measurement, exper-
imental garment applied with 10% pattern reduction rate was evaluated as most comfortable and considerable.

Key words: 3D body scanning(3 3} 1 A 2= 70), sportswear( 2= X = ¢l o]), tight upper bodice pattern(*d 2t 3 2wt
Al 21 8), body surface change(H| 3™ W3}, stretch property(Al54), knitted fabric(HE 2x))
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Table 1. Body measurements by Martin's anthropometry

Sth Size Korea Technical Report (2005)

No Item S1 S2 S3 S4 S5
Mean 25-75 percentile range
1 Chest Circumference(cm) 96.0 96.4 93.0 98.8 95.8 95.1 90.3-98.8
2 Bust Circumference(cm) 94.0 85.0 89.0 90.5 90.3 90.7 86.2-94.1
3 Waist Circumference(cm) 75.0 70.5 77.5 80.0 76.0 71.7 73.0-81.0
4 Waist Back Length(cm) 40.0 41.2 40.0 47.0 40.2 41.9 39.9-43.8
5 Waist Front Length(cm) 320 33.0 29.8 323 33.8 34.8 32.8-36.4
6 Height(cm) 174.0 176.0 176.0 174.0 172.0 173.8 170.0-177.5
7 Weight(kg) 66.4 63.2 68.6 754 63.6 69.5 62.8-74.4
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Fig. 1. Reference line of body surface segmentation.
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Table 2. Properties of stretch materials for sportswear
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(mm) wale course wale course wale course wale course (%) (W/mK)
1 NY93 SP7 single jersey 0.72 240  103.5 1272 259 231 202 231 837 597 17.2 0.036
2 PE90 SP10 single jersey 0.50 200  103.5 1413 202 166 289 447 80.6 803 20.0 0.020
3 PE91 SP9 single jersey 0.50 205 1079 1665 244 188 257 467 821 754 19.1 0.019
4 NY31 SP9 single jersey 0.48 150 1055 1744 274 218 272 422 809 69.7 12.8 0.028
5 PL94 SP6 single atlas fabric 0.60 182 99.6 1252 237 281 160 26.8 813 858 232 0.022
6 PE90 PUI0 interlock stitch 1.20 500  109.1 1579 280 330 353 367 912 692 25.4 0.032
7 PL93 SP7 single jersey 0.46 280 1150 1587 423 289 209 557 809 632 13.6 0.030
8 PL92 SP8 single jersey 0.45 244 1134 1819 281 291 31.0 552 848 837 15.4 0.023
9 113?2728 single jersey 0.67 240 1213 131.1 434 345 432 285 815 884 10.6 0.048
10 PE9L.1 PUB.9 single jersey 0.43 200  107.1 205.1 281 288 33,5 327 896 780 14.2 0.025
11 PE90 PUI10 single jersey 0.60 240 102.8 1189 338 227 186 603 849 70.6 16.4 0.031
12 PL95 SP5 single jersey 0.59 280 1295 180.7 370 310 376 652 939 89.1 17.4 0.028
13 PE91.6 PU84 single jersey 0.42 250  191.7 1232 323 325 582 784 965 975 16.4 0.030
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Table 3. Comparison of body surface at various posture (unit:mm?)

Section m0 ml m2 m3 m4 m5 mé6 m7 m8 m9 F
A2 6556.42b 5588.48ab 6071.76ab 4660.54a 5711.90ab 6056.58ab 5486.46ab 6013.34ab 6563.98b 5898.58 ab 3.020  **
A4 6841.80ab 6518.12ab 7485.82ab 8048.24b 7055.64ab 7364.08ab 7401.52ab 6937.56ab 727634ab 609558 a  2.281  *
A5 6577.60bc 6587.94bc 6958.22bc  7517.38c 7021.92bc 6693.56bc 6958.94bc 6245.02b 7190.82bc  5472.82 a 4389  ***
B2 7089.50b 4423.46a 5675.76ab 3758.76a 4219.82a 6240.18b 4666.00a 6672.98b 7204.98b 6477.04 b 6.778 ***
B3 7420.10ab 6255.42ab 7993.92b 7491.22ab 5792.88a 8052.56b 7908.14b 6975.34ab 7802.04b 7193.48 ab 3.050 **
B4 7126.70abc 7101.50abc 8237.40abc  9222.26¢ 4993.64abc 7594.48abc 8845.94bc  6298.70a 7826.92abc  6626.50 ab  3.100  **
B5  6534.48bc 6482.06bc 6943.62cd 8007.02¢ 6970.02cd 6331.18bc 7696.84de 5119.48a 7139.84cd 5599.54 ab 12.428 ***
C5  2112.98ab 2017.78ab 2184.10ab 2443.68b 2216.12ab 2047.14ab 2639.40b 1477.38a 2244.30ab 1896.72 ab 2916  **
F4  5996.50abc 7090.92bcd 6747.50bcd 7042.36bed  7511.46d 6023.66 be 7267.60cd 5305.52a 5716.86ab 7088.98 bed 5.796  ***
F5 5955.64abc 6279.06bc 6445.58bc 6293.94bc 6603.40bc 5572.90abc 7296.38c  4507.62a 5276.84ab 6597.36 bc  4.065  *
G5 6380.82a 7072.62ab 6891.16ab 6755.86ab 7640.36b 6532.36ab 7406.88ab 6259.24a 6285.76a  7528.08 ab  3.502 *

*p<.05, **p<.01, ***p<.001. a, b, ¢, d, e means SNK-test result. a<b<c<d<e
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Rate of body surface change

Fig. 2. Surface change rate of each body part at each posture.
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1) Bodice(front)

Fig. 3. Tight sports wear bodice pattern from this study (unit:cm).
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Table 4. Evaluation result on tight-fitting level of 1st experimental garments

Question Fabric 1 Fabric 2 Fabric 3 Fabric 4 Fabric 5 F-value
Is it tight at chest? 592a 5.69a 5.31ab 5.42ab 4.88b 3.469 **
Is it tight at bust? 6.12a 5.96ab 531bc 5.35bc 496¢ 5.426 ***
Is it tight at waist? 5.85a 592a 5.46 ab 5.39ab 4.69b 3.867 **
Is it tight at abdomen? 577a 5.85a 5.35a 5.50a 4.27b 5.915 ***
Is it tight at front arm hole? 539a 5.15ab 4.73ab 4.08ab 4.38b 2.538*
Is it tight at back arm hole? 5.46a 531a 5.12a 5.12a 4.15b 5.096 **
Is it tight generally? 5.85a 5.62ab 5.38ab 5.08ab 4.85b 3.183*

*p<.05, **p<.01, ***p<.001. a, b, c means SNK-test result. a>b>c
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Table S. Evaluation result on tight-fitting level of 2nd experimental garments

Pattern reduction rate

. 0% 5% 10% 15% Muslin F-value
Question
Is it tight at chest? 425b 5.25ab 5.25ab 6.00ab 6.50a 3.900 *
Is it tight at bust? 3.75b 4.50b 5.25ab 5.50ab 6.50a 5.190 **
Is it tight at abdomen? 4.75b 5.00b 5.55b 6.25a 6.50a 9.964 ***
Is it tight at arm hole? 3.50b 4.75ab 5.50a 6.00a 5.75a 4.528*
*p<.05, **p<.01, ***p<.001 a, b means SNK-test result. a>b
Table 6. Garment pressure of 2nd experimental garments at various pattern reduction rate
. Pattern reduction rate 0% 59, 10% 15% Fovalue
Question
Garment pressure(total) 0.56b 0.60b 0.67b 1.17a 8.258 **
Garment pressure(abdomen) 0.46b 0.48b 0.51b 1.27a 4.939*
*p<.01, **p<.001 a, b means SNK-test result. a>b
Table 7. Garment pressure of 2nd experimental garments at each body part
Part t .
. art 1o Meastre g oulder bust point under bust scapular abdomen F-value
Question
Garment pressure(total) 0.93ab 0.54b 0.52b 1.07a 0.68b 4.596*
*p<.01 a, b means SNK-test result. a>b
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