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Development of Air Force Winter Service Uniform Slacks Pattern and Automatic
Pattern Drafting Program for Mass Customization
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Abstract : This study is conducted to improve the fitness of Air Force winter service uniforms pants through the devel-
opment of a pants pattern drafting method and automatic pattern drafting program for mass customization. The initial
study pattern drafting method is formed through an analyses of 4 kinds of conventional pants pattern drafting methods
for education and 3 kinds of conventional pants patterns of Air Force apparels. The initial study pattern drafting method
is converted into the final study pattern drafting method after twice conducting a wearing test. To verify the final study
pants pattern, a motion adaptability evaluation, an ease amount evaluation and an appearance evaluation are conducted.
The results of the final study patterns were better than conventional winter service uniforms in the motion adaptability
evaluation and the appearance evaluation. However, the results show similar values between the final study patterns and
conventional winter service uniform patterns in the ease amount evaluation. An automatic pattern drafting program was
developed based on the final study pattern drafting method. The program allowed the achievement of customized pants
patterns through the placement of customer body sizes into the size input window. It also provided two kinds of ease

amount and two kinds of waist belt level options.
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Table 1. Body size of the subjects (Unit: cm)
Subjects of the initial study pattern (N=10)
Mean SD Min Max
Stature 171.7 2.8 167.7 176.5
Waist
Circumference(omphalion) 828 68 730 931
Hip Circumference 93.9 33 89.5 100.3
Leg Side Length 102.2 3.0 97.8 106.0
Crotch Height 75.5 2.3 72.3 79.6
Lower body drop(omphalion) 11.1 45 43 16.9
Subjects of the final study pattern (N=15)
Mean SD Min Max
Stature 173.2 5.5 165.1 184.0
\ngerlcl:s:mference(omphalion) 873 65 780 102:3
Hip Circumference 98.0 6.0 88.0 114.0
Leg Side Length 102.2 4.1 95.0 108.0
Crotch Height 752 38 70.1 81.3
Lower body drop(omphalion) 10.7 3.1 43 15.0
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Table 2. Physical properties of the fabric

P f  Weight Thickn e

ercentage o eight Thickness 5105 o

Weave blending fiber (%)  (gm®)  (mm) _bBgem
Warp  Weft

Wool 63.8 / Polyester

Twill 317

233 0.41 255.0 153.0
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Table 3. Body size criteria for ease amount analysis of air force apparel pattern

Waist Circumference Hip Thigh Knee Waist to Crotch Leg Side Stature
(omphalion) Circumference Circumference Circumference Length Length
84.0 95.0 584 372 23.7 100.4 170.0
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Table 4. Patten size of air force apparel pattern (Unit: cm)
Apparel a Apparel b Apparel ¢ Mean
Waist Circumference 84.7 85.5 85.6 853
Hip Circumference 103.2 104.0 107.9 105.0
Pattern Size Thigh Circumference 66.2 68.2 70.4 68.3
Waist to Crotch Length 25.6 26.0 26.8 26.1
Pants length 105.1 102.0 106.2 104.4
Waist Dart Center Front Reduction 1.9 0.8 2.0 1.6
Back Dart 4.6 3.8 4.7 44
Crotch Width Front Crotch Width 42 45 3.7 4.1
Back Crotch Width 15.7 15.4 13.9 15.0
Waist Back Height 4.1 above waist line 3.1 above waist line 4.1 above waist line 3.8 above waist line
Angle of Center Back Line 13.5° 15.0° 14.5° 14.3°
Waist Circumference 0.7 1.5 1.6 1.3
Hip Circumference 8.2 9.0 12.9 10.0
Ease Amount
Waist to Crotch Length 1.9 23 3.1 24
Pants Length 4.7 1.6 5.8 4.0
Table 5. Drafting formula of pattern drafting textbooks (Unit: cm)
Method A Method B Method C Method D
Comet 2O Drafiing Formula 1.0-1.5 1.0-1.5 07 20
Waist Front Dart Drafting Formula 2.0 None None None
Dart ‘ i
Back Dart Drafting Formula 2.0 Adjutitagizpacggdmg 1.5 3.0
Pattern Size 2.6 cm
Front Crotch Drafting Formula H/20 H/16-(1.0~1.5) H/20+1.2-0.7 45
Crotch Width Pattern Size 4.8 4.4~49 53 ’
Width Back Crotch  Drafting Formula H/5-4.5~5.5 H/8+2-2.5 H/20+H/12-0.6 137
Width Pattern Size 13.5~14.5 13.9~144 12.1 '
Drafting Formula 2t Length-Inseam H/4+3 S/7.5+45 H/4+1.5
Waist to Crotch Length Length
Pattern Size 27.2 26.8 27.2 253

Waist Back Height

2.8 above waist line

40 above waist line 2.3 above waist line 3.0 above waist line

Angle of Center Back Line 12°

13° 10° 10°

Pattern Size
Position of Center

Back Line Seam by 2.6

Moved from Center
Front line to Side

Moved from Center Moved from Center
Front line to Side Front line to Side
Seam by -1.0 Seam by 3.2

Moved from Center
Front line to Side
Seam by 3.0

Hip Circumference Line Type Horizontal

Horizontal Horizontal Diagonal

H=Hip Circumference, S=Stature
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Table 6. Calculation formulas of the initial study pattern (Unit: cm)
Item Body Size Section Calculation Formula
@ Waist to Crotch Length - (Waist Height(omphalion)-Crotch Height)x1.1
® Belt Width - 35
© Hip Length - (-)x2/3
@ Pants Length - Waist Height(omphalion)+2
Lower body drop: Under 7.0 0.9
® Center Front Reduction Lower body drop: 7.0~14.6 1.4
Lower body drop: Over 14.6 1.9
Lower body drop: Under 7.0 0.5
® Waist level Reduction Lower body drop: 7.0~14.6 1.0
Lower body drop: Over 14.6 1.5
Front Waist Width - Waist Circumference(omphalion)x0.255+0.5
® Front Hip Width - Hip Circumferencex0.25+1
@ Front Crotch Width - Hip Circumference/16-1.5
@ Front Knee Width - Hip Circumferencex0.275-3.0
® Front Hem Width - Hip Circumferencex0.25-3.0
©) Back Waist Width - Waist Circumference(omphalion)x0.255
m Back Hip Width - Hip Circumferencex0.3-1
(@) Back Crotch Width - Hip Circumference/16+1.5
© Center Back Reduction - Hip Circumference/16+0.5
Lower body drop: Under 7.0 1.5
® Ist Dart Lower body drop: 7.0~14.6 22
Lower body drop: Over 14.6 3.0
Lower body drop: Under 7.0 0.8
@ 2nd Dart Lower body drop: 7.0~14.6 1.5
Lower body drop: Over 14.6 2.0
® Waist Belt Length/2 - Waist Circumference(omphalion)x0.51
Lower body drop=Hip Circumference-Waist Circumference(omphalion)
m T4 /\}61_0_ q.o_;q_ 7H:1r.
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Fig. 1. Drafting method of initial study pattern.
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Table 7. Ease amount evaluation result of wearing test
(Subjects: 10)

Mean
Item

Ist 2nd
Waist Circumference(omphalion) 35 3.1
Hip Circumference 3.7 3.5
Thigh Circumference 33 29
Knee Circumference 3.7 3.1
Hem Circumference 35 32
Waist to Crotch Length 35 2.6
Pants Length 32 32
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Table 8. Correlation coefficient

Independent Variable 1 Independent Variable 2 r
Hip Circumference-Waist Circumference(omphalion) Thigh Circumference/Hip Circumference -0.435%*
Hip Circumference-Waist Circumference(omphalion) Hip Depth/Hip Circumference -0.484**

#p< 01
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Table 9. Calculation formulas of the initial study pattern (Unit: cm)
Item Option Body Size Section Calculation Formula
® Waist to Crotch High Waist Hip Circumference/4+4
Length Middle Waist Hip Circumference/4+1
® Belt Width - - 3.5
© Hip Length - - (-)x2/3
High Waist Leg Side Length+5
@ Pants Length .gh . - ¢ . e
Middle Waist Leg Side Length+2
Lower body drop: Under 7.0 0.5
Normal Fit Lower body drop: 7.0~14.6 0.9
® Center Front Lower body drop: Over 14.6 1.3
Reduction Lower body drop: Under 7.0 0.7
Loose Fit Lower body drop: 7.0~14.6 1.1
Lower body drop: Over 14.6 1.5
Lower body drop: Under 7.0 0.5
Waist Level
6) Reduction - Lower body drop: 7.0~14.6 1.0
Lower body drop: Over 14.6 1.5
. . High Waist (Waist Circumference+Waist Circumference(omphalion))/2x0.253+0.5
Front Waist Width . . - . . .
Middle Waist Waist Circumference(omphalion)x0.253+0.5
. X Normal Fit Hip Circumferencex0.25+0.8
® Front Hip Width . - o
Loose Fit Hip Circumferencex0.25+1.0
. Lower body drop: Under 7.0 Hip Circumference/16-2.0
(@  Front Crotch Width - L
Lower body drop: Over 7.0 Hip Circumference/16-1.5
. Normal Fit Hip Circumferencex0.26-3.0
@ Front Knee Width . - o
Loose Fit Hip Circumferencex0.27-3.0
Normal Fit Hip Circumferencex0.24-3.0
® Front Hem Width . - S
Loose Fit Hip Circumferencex0.25-3.0
. . High Waist (Waist Circumferencet+Waist Circumference(omphalion))/2x0.252
©) Back Waist Width . . - o .
Middle Waist Waist Circumference(omphalion)x0.252
. . Normal Fit Hip Circumferencex0.29+0.8
(D) Back Hip Width . - o
Loose Fit Hip Circumferencex0.3+1.0
Lower body drop: Under 7.0 Hip Circumference/16+0.5
Normal Fit .
. Lower body drop: Over 7.0 Hip Circumference/16+1.0
@  Back Crotch Width —
Lower body drop: Under 7.0 Hip Circumference/16+1.0
Loose Fit
Lower body drop: Over 7.0 Hip Circumference/16+1.5
© Center Back Reduction - - Hip Circumference/16+0.2
Lower body drop: Under 7.0 1.2
Normal Fit Lower body drop: 7.0~14.6 2.0
Lower body drop: Over 14.6 2.7
® 1st Dart
Lower body drop: Under 7.0 1.4
Loose Fit Lower body drop: 7.0~14.6 22
Lower body drop: Over 14.6 2.9
Lower body drop: Under 7.0 0.8
Normal Fit Lower body drop: 7.0~14.6 1.5
Lower body drop: Over 14.6 2.0
@ 2nd Dart
Lower body drop: Under 7.0 1.0
Loose Fit Lower body drop: 7.0~14.6 1.5
Lower body drop: Over 14.6 2.0
® Waist Belt High Waist (Waist Circumferencet+Waist Circumference(omphalion))/2x0.505
Length/2 Middle Waist Waist Circumference(omphalion)x0.505

Lower body drop=Hip Circumference-Waist Circumference(omphalion)
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Table 10. Result of motion adaptability evaluation
(Subjects: 15)

Mean

Apparel ~ Final Study —T-value

Pattern Pattern
Bending Upper Body by 90° 3.47 3.73 -0.774
Walking Fast 3.93 433 -1.572
Lifting Right Knee by 90° 3.13 3.93 -2.449*
Crouching 333 427 -3.108%*
Sitting in a Chair 3.93 427 -1.581

*p<.05, **p<.01
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Table 11. Result of ease amount evaluation (Subjects: 15)

Mean
Apparel  Final Study  T-value
Pattern Pattern
Waist Circumference 2.67 3.40 -3.556%*
Hip Circumference 2.73 2.73 0.000
Thigh Circumference 3.20 2.93 1.000
Knee Circumference 3.20 2.87 2.092
Hem Circumference 3.13 3.07 0.435
Waist to Crotch Length 3.07 2.53 2.256%*
Pants Length 2.87 3.00 -0.807

*p<.05, **p<.01
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Table 12. Result of appearance evaluation
Evaluation Items
Front Back

1. Does the front waist area have a good appearance without wrinkles? 6. Does the back waist area have a good appearance without wrinkles?

2. Does the front hip area have a good appearance without wrinkles? 7. Does the back hip area have a good appearance without wrinkles?

3. Does the front crotch area have a good appearance without wrinkles? 8. Does the back crotch area have a good appearance without wrinkles?

4. Does the front thigh area have a good appearance without wrinkles? 9. Does the back thigh area have a good appearance without wrinkles?

5. Does the front calf and hem area have a good appearance without
wrinkles?

10. Does the back calf and hem area have a good appearance without wrinkles?

Result of t-test

Stimulus A Stimulus B Stimulus C
Ttem Mean Mean Mean
Conventiona Final Study T-value Conventional Final Study T-value Conventional Final Study T-value
1 Pattern Pattern Pattern Pattern Pattern Pattern
1 1.83 437 -13.321%** 1.63 3.6 S11.171%** 2.63 3.53 -4.2067**
2 1.8 4.1 -9.970%** 1.77 3.83 -11.547*** 2.63 3.8 -6.067***
3 1.83 423 -12.673%** 217 3.7 -6.430%%* 2.33 3.67 -6.325%**
4 2.53 4.1 -8.833%** 3.03 3.83 -4.000%** 2.1 3.47 -7.7763%%*
5 2.87 3.17 -1.055 2.27 35 -5.798*** 1.77 3.27 -7.426%**
6 2.8 427 -6.718%** 3.53 4.07 -3.565%** 3.17 297 0.902
7 24 397 -5.254%%% 2.5 3.67 -5.209%** 2.37 2.5 -0.701
8 1.73 39 -8.848%** 2.1 35 -6.960%*** 1.97 227 -1.964
9 2.37 3.93 -4.944*** 2 3.93 -0.032%** 1.97 2.47 -2.812%*
10 3.03 3.57 -2.075*% 2.1 3.97 -7.828%** 2.17 3.03 -4.557%**

*p<.05, **p<.01, **¥p<.001
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Table 13. Stimulus pictures of appearance evaluation

Air Force apparel pattern

Final study pattern

Subject
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Fig. 3. Pattern drafting window.
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