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Heat-moisture comfort prediction of male lower body in dressing based on GA-BP algorithm
CHENG Pengpeng CHEN Daoling
(a. Collaborative Innovation Center of Modern Clothing Technology; b. Clothing and Design Faculty Minjiang University
Fuzhou 350108 China)

Abstract: In order to explore the influencing factors on the heat-moisture comfort of male lower body in dressing
whereas there is a highly nonlinear and complex relationship among these factors genetic algorithm and BP neural
network ( GA-BP) with global optimization were adopted to analyze heat-moisture comfort indicators of male lower
body and establish SVM model for prediction. Besides the prediction result was compared with that of gray
correlation method Regression Analysis Fuzzy mathematics and BP algorithm. The results showed that the main
factors influencing the heat-moisture comfort of the male lower body were the composition of the underpants the fiber
content the moisture regain the heat preservation rate the heat transfer coefficient and the air layer beneath the
clothes. In addition the established model with high accuracy and operability could effectively predict the subjective
comfort and it is better than other algorithms.
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Tab.1 Body data of experimenters

/ /em /em /cm /cm /em /em /em /cm
1 23 177.0 93.5 85.0 110.0 54.0 89.5 22.0 32.0 1.47
2 24 176.0 88.0 79.0 109.0 55.5 88.0 21.0 31.0 1.50
3 24 173.0 85.0 82.5 107.0 48.0 86.0 22.5 31.0 1.45
4 25 172.0 88.0 85.0 106.0 44.0 89.0 23.0 33.0 1.45
5 25 178.0 90.0 82.0 105.0 48.0 85.0 21.0 35.0 1.42
24 175.2 88.9 82.7 107.4 49.9 87.5 21.9 32.4 1.46
1.2 <0.1 m/so
1)
T
1
Fig.1 The style of male boxer underwear
2 3)
Tab.2 The size of male boxer underwear 24 h.
/ecm /cm 4)
@ 12 34.0 ® 25.0
) 13.5 ® /2 21.0 °
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@ 21.5
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Tab.3 The heat-moisture comfort index of underwear fabric
/ /
/ / ( ( / / / /
mm  (gem’) G Y (5 /do % (Lem7?es™") /g (Com W) (Cem+W') /% (Wem>+K")
155%
3* 1459 0.320 104.600 56.000 42.000 0.275 7.709 2087.200 2.522 3.033 0.056 28.763 26.529
‘0
/95%
7" 7 0.730  168. 500 97.000 59.000 0.355 4.051 1331.000 2.475 3.430 0.214 30. 868 18. 143
‘0
160%
13* 140% 0.420 201.500 133.000 91.000 0.217 6.694 943.200 1.846 2.409 0.223 26. 663 24.934
0
137%
15* /33% 0.380 193.000 110.000 82.000 0.308 7.176 2238.600 2.071 1.917 0. 143 18.529 19.337
130%
/190%
20" 10% 0.550 174.800 100.000  63.500 0.235 3.533 1249.000 2.669 3.985 0. 150 22.808 22.968
v
22F /100% 0.520 121.200 44.500 30.500 0.381 4.041 1351.400 2.670 3.589 0.221 31.410 18. 803
160%
27* /133%  0.480 165.700 91.000 72.000 0.347 7.889 798.400 1.957 3.655 0.179 23.235 25.672
/7%
160%
28" /30% 0.690 152.600 130.000 88.000 0.156 7.557 962.100 2.669 1.876 0.077 19.264 29.388
/10%
/81%
32* 19% 0.720 173.100 73.000 60.000 0.125 6.351 1426.300 1.464 3.205 0.205 33.171 16.890
70
145%
46* /30% 0.610 183.400 112.000 84.000 0.223 7.302 1051.700 2.869 2.793 0. 136 21.718 24.756
125%
1.4
1041 0
o VI_
TUS Smart (
) . ( 175/86 A
) ( 2. 4
Geomagic Qualify
V =V -V . Vv
em’; V 2
em®; V em’ . Fig.2 Style of male casual pants
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Tab.4 Size of male casual pants
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Tab.5 Under-garment air volume
/mm’ /mm’
3" 9914 22* 9833
7" 11 625 27" 9714 °
13* 13471 28" 12879 T
15" 14 098 32" 13 382
20" 13 563 46" 10 320
1.5 RS, 7
5 AR IR AR
(20 min ) — 3 07 BRSO
———
(15 min) — ( 10 min) — (5 min) —
(5 min 4.6 km/h) — (efespritm )
(15 min) . FUEFNE{E
BP[#%% MAHEA
o ——
ENISO 10551—2001
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3 Fig.4 Diagram of GA-BP predicted structure
Fig.3 Subjective scale l=J/m+n +a m
° ( ) n
Tab.6 Subjective evaluation of the heat-moisture comfort ( ) a 1~10
in wearing state 31243 2~15
10,
3 1.5 22 0.6
7" 1.6 27" 1.8 14104,
13 1.2 28" 1.1 1000 0.1 0.000 1,
15* 1.2 32* 0.9 14
20" 0.8 46" 1.3 1 0
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Tab.7 Post-specification data
/ / / / / /
/ / -2 / 2 2 / -2
I o 0 (Lem™« (T omto |(Tomdo (Wem™2- /
-2 -1 -1 CIO % -1 g -1 -1 % -1 3
(gem’) S5em ) 5em ) s) w7 w1 K™) mm
3" -1.0000 -1.0000 -0.7401 -0.6198 0.1719 0.9174 0.7898 0.5054 0.0972 -1.0000 0.3979 0.5424 -0.9088 0.5000
7" 1.0000 0.3189 0.1864 -0.0579 0.7969 -0.7615 -0.2604 0.4395 0.4737 0.8922 0.6854 -0.8000 -0.1282 0.666 7
13* -0.5122 1.0000 1.0000 1.0000 -0.2813 0.4495 -0.7989 -0.4571 -0.4945 1.0000 0.1111 0.2864 0.7140 0.0000
15 -0.7073 0.8246 0.4802 0.7025 0.4297 0.6743 1.0000 -0.1359 -0.9611 0.0419 -1.0000 -0.6080 1.0000 0.000 0
20" 0.1220 0.4489 0.2542 0.0909 -0.1406 -1.0000 -0.3743 0.7151 1.0000 0.1257 -0.4155 -0.0272 0.7559 -0.6667
22" -0.0244 -0.6574 -1.0000 -1.0000 1.0000 -0.7661 -0.2321 0.7167 0.6245 0.9760 0.7595 -0.6944 -0.9457 -1.0000
27 -0.2195 0.2611 0.0508 0.3719 0.7344 1.0000 -1.0000 -0.2981 0.6871 0.4731 -0.3572 0.4048 -1.0000 1.0000
28" 0.8049 -0.0093 0.9322 0.9008 -0.7578 0.8486 -0.7727 0.7157 -1.0000 -0.7485 -0.8996 1.0000 0.4439 -0.1667
32° 0.9512 0.4138 -0.3559 -0.0248 -1.0000 0.2936 -0.1280 -1.0000 0.2603 0.7844 1.0000 -1.0000 0.6734 -0.5000
46"  0.4146 0.6264 0.5254 0.7686 -0.2344 0.7294 -0.6482 1.0000 -0.1304 -0.0419 -0.5644 0.2592 -0.7235 0.1667
7 Matlab 7' eR. SVM 0%
15%.22%.28%.32" 45 3
( fx) = 3@ -B) K(x %) +m
) " 2 (3)
‘xi —X; ‘
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Fig.5 Subjective comfort evaluation and prediction value of
K(x, v,) =d(x;) * D( xj) x various algorithms
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Tab.8 Prediction and accuracy analysis of heat-moisture comfort value

GA-BP
SVM

BP

7* 1.6000 1.453 10 1.1191 1.206 60
15* 1.2000 1.274 40 1.5754 1.135 80
22* 0.6000 0.57550 0.5919 0. 860 90

32* 0.9000 0.900 60 1.218 8 1.554 70
0. 146 90 0.4809 0.654 70

.856 70 1.448 60
.447 30 1.955 40
.55580 0.804 70

.35750 1.291 30
.457 50 0.75540

1
1
0
28" 1.1000 1.092 30 0.986 7 2.044 00 1.333 20 1.531 00
1
0
0

0.050 82 0.2593 0.463 44

.24778 0.386 76

5 8 GA-BP
SVM BP
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