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2D Pattern Development of Tight-fitting Bodysuit from 3D Body Scan Data for
Comfortable Pressure Sensation
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Abstract

Adjusting pressure level in the construction of athletes’ tight-fitting garments by reducing the elastic knit pattern is a
challenging subject, which influences the performance of the wearer directly. Therefore, in this study, relationship between the
reduction rates of the basic pattern obtained from 3D human scan data and resultant clothing pressure was explored to improve
the fit and pressure exerted by clothing. 3D scan data were obtained using Cyberware and they were transformed into a flat
pattern using software based on Runge-Kutta method. Reduction rate was examined by subjective wear test as well as objective
pressure measurement.

As a result, difference in the length between the original 3D body scan data and the 2D tight-fitting pattern was 0.02~0.50cm
{0.05~1.06%), which was within the range of tolerable limits in making clothes. Among the five garments, the 3T-pattern was
superior in terms of subjective sensation and fit. The pressure of the 3T pattern was 2~4 gf/cm?2 at five locations on the body,
which is almost the same or a bit higher than that of Z-pattern. In the case of tight-fitting overall garment, the reduction rate of
the pattern in the wale direction is more critical to the subjective sensation than the course direction. It is recommended that the
reduction grading rules of course direction should be larger than that of Ziegert for a better fit of tight-fitting garments. In the
case of wale direction, however, reduction grading rule should be kept the same as suggested earlier by Ziegert (1988).
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(Table 1) Specification of 3D scanner

Whole body color 3D scanner
Model WB4

Measurement range | 120cm(depth), 200cm(height)
Sampling pitch 5mm (X) , 2mm (Y), 0.5mm (Z)

Light source Laser
Accuracy + 0.5mm
Power 1500W
Optical heads 4 pieces

.Sleexe

.Bac| S.Bacl S.Fron .Front

(Fig. 1] Acquired 3D human data using Cyberware CDnt

{Fig. 3] Developed 2D pattern by attaching
M together sach of the blocks and an
original pattern
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(a) 3D scan data (b) triangle simplification (c) triangular patches (d)attachment each block

(Fig. 2) Obtained 2D triangular patches using triangle simplification and the Runge-Kutta method
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(Fig. 4] Experimental suit worn on the plaster figure
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O Locations of pressure measurement

(Fig. 5) The six locations on the body for
measuring the clothing pressure
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Width Reduction

Y xS =T (4-3)

ma+ 43

Y: Distance from CF(center front) to CB(center back)
at the bust level (46.5 cm)

§: (% fabric stretch) / 100

T: Half body width reduction
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(Table 2) Reduction rates and grading values of five experimental garments

O-pattern Z-pattern 3T-pattern T-pattern A-pattern
Length (N.P. ~ Crotch), (cm) 85.75 80.35 78.55 74.94 72.89
(reduction rate, %) (0%) (7%) (9%) (13%) (15%)
Chest width, (cm) 23.31 21.28 20.58 19.21 19.81
(reduction rate, %) (0%) (9%) (12%) (18%) (15%)
grading value, wale {cm) 0 5.34 7.13 10.69 12.85
grading value, course (cm) 0 2.38 3.18 4.77 35
total area of pattern (cm?) 3918 3313 3114 2731 2830
(reduction rate, %) (100%) (16%) (21%) (31%) (28%)
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(a) split grading method

(b) pattern grading

(Fig. 7] Split grading method using the Yuka Pattern CAD ( Z-pattern )
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(Table 3) Comparison of the length and the girth between 3D human scan data and the obtained

2D pattern data

items 3D data {cm) 2D pattern (cm) The difference (cm) Percentage (%)
Neck girth 25.16 25.49 -0.33 -1.31
Chest girth 47.00 46.50 0.50 1.06
Waist girth 37.02 37.00 0.02 0.05
Hip girth 4527 45.63 -0.36 -0.80
Thigh girth 48.12 47.65 0.47 0.98
Shoulder length 13.68 13.28 0.40 2.92
F.Princess length 85.54 85.75 -0.21 -0.25
B.Princess length 85.29 85.55 -0.26 -0.30
C. Front length 74.47 74.71 -0.24 ~0.32
C. Back length 81.19 80.81 0.38 0.47
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(Fig. 8) Clothing pressure of experimental clothes at six locations on the plaster
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(Table 4) Clothing pressure of five garments worn on the plaster (Unit: gf/cm?)

Garment type Chest Shoulder Abdomen Thigh Scapula Pelvis Average
O-pattern 1.98 -0.52 0.55 -1.95 1.29 0.15 0.25
Z-pattern 10.07 0.55 5.36 1.73 6.13 4.94 4.80
3T-pattern 12.71 2.33 12.48 4.38 7.35 8.30 7.92
T-pattern 23.21 6.86 27.53 9.37 27.20 25.35 19.92
A-pattern 13.43 213 13.93 0.79 12.29 7.71 8.38

(Table 5) Clothing pressure of five garments worn by a subject (Unit: gf/cm?®)

Experimental garments Chest Shoulder Abdomen Thigh Scapula Pelvis Average
O-pattern -0.21 0.34 0.06 1.31 0.79 -0.29 0.33
Z-pattern 3.50 1.89 2.22 2.46 1.44 2.51 2.34
3T-pattern 3.21 0.18 3.00 2.72 3.75 2.33 2.53
T-pattern 8.31 2.10 7.16 9.27 10.54 2.37 6.63
A-pattern 5.28 0.79 5.24 7.82 5.90 3.56 4.76
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(Fig. 9] Clothing pressure of experimental clothes at six locations on the body
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(Fig. 10] Fitness evaluation of the five experimental clothes
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