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Design of Pressure Monitoring Sports Pants
Based on Flexible Sensing Technology

JIN Jiagin, YU Miao®, WANG Xia, ZHANG Chunming, SUN Yaning
(College of Textiles and Clothing, Qingdao University , Qingdao 266071 , China)

Abstract:In order to meet the needs of human exercise, the style structure of sports pants was optimized based on the
fabric performance test results and the ergonomic analysis of clothing, and a self-designed flexible pressure sensor was
placed in the tights to improve wearing comfort and relieve fatigue. Meanwhile, real-time monitoring of the knee joint force
was realized, and incorrect movement postures could be detected and adjusted in time to better protect the knee joint. The
sports pants can be combined with a gait analysis system to analyze sports postures, thereby reducing the risk of sports
injuries, improving sports performance, and realizing human physiological health parameters and real-time monitoring and
transmission.
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Tab.1 Fabric specifications

) Wiy JEJE/mm %/ (g/m”) B

1* m(#4) m(EL) =86:14 0.487 218.76 HIK

2* m(EY) m(B4) =88:12 0.297 165.34

Coolmax m(F8) :m(EL) m(BEY) =45:45:10 0.287 140.00 )3
1.2 Fiik SR FHAUPAR 3 R (17, 2°) 0 I A 75
12,1 #UR4FERAE  ARYE GB/T 110482018 YEAFINA. SC0aRE. LI (25 £5) °C, MM

(LA PRET I PR AR AR A5 1R T FABH R RH A9 I 2
(ZER ML) Y RSV ARSI TR (17,
2 HIME S R B SR 3 K BOEBE (R
[f]) o SEH AL IR (25 £5) C, MIXF AL (65 +
5) % ,#E 24 h,

Z IR GB/T 5453—1997( LU LUs MR
MEY RN B AT RN (17,2%) B Sk
ATt fKHiE GB/T 12704. 1—2009( 2541 i 21435
WBPERIITIE 5 1 ARy MRk ) Y R iE
TR (17,27 BB IR R AT I, SEIR IR
Be R (25 £5) CAHXHREE (65 +5) % .

1.2.2  GEARAFE M AR MR iz F 40 XURS A3,
TRECL",27) s iy I 25 i s 4 S R 1Y
R R ROV w2 R HLRE . SR IR
MRAEE(25 £5) CAHXTIREE (65 £5) %,

1.2.3 A v zeppsem X M ASTMD3107—
2007¢ B 1AL RE AR EER BT )

(65£5) %,
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Tab.2 Test results of fabric thermal wet comfort
ik B/ BAF/ B/
[(w’ - K)/W]  (mw/s)  [g/(m’ - d)]
1* 0.026 871.99 3945
2* 0.019 1 283.07 4 656

2 2 W LA Y TORE 27 SABEAE L 17 A/, 33
WITHDRR 2" B 0% i, LGB SR B 17
Ko DR, THDRR 2° PR BT 365 1 T 48, RE A% 1 A AK
TEIE R B 350 T (1918 B 1R MO K, 1
B gas s i R
1.3.2 BEfedviar  ADREIHE a1 P As
W3,

®3 ERHEMEEHNXER

Tab.3 Test results of fabric contact comfort

ik ZEHHMIEE/ (N« em®) B MG/ (eN - em)  FINSIEERE FIEEE RN 2 FRIAFREE/ om
% 75 % 5 % E4H % E4e % A
1* 0.019 0.011 0.026 0.075 0. 149 0.236 0.004 0.072 2.060 8.950
2* 0.012 0.010 0.047 0.078 0.134 0.170 0.008 0.007 1.885 2.620
HI2 3 1] LA Y, R R R ) 25 v S e 2 8 T4 EREREM TR R
&%, P23 i AT )5 S K &, T R 2# oL Tab.4  Test results of tensile and elastic properties of
GRS A E MR (SSE =R S NTR S S P fabrics B %
E*iéérﬂﬂ@@%%%ﬂu*ﬂ%ﬁﬁ H &6 ) E"J{J\ , HoH R AR AT R
ok 1" ST MBS 3 4 ey AL, DA R W m &m s
HBERRTTR. 1 106.2  104.8 12.4 8.6
1.3.3 fpiererk g RIS 5 M PR RE I ' ' ' '
2* 163.5 125.7 8.2 7.0
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Fig.1 Style and structure of sport pants
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Fg.2 Distribution of knee injury and pain area
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Fig.3 Schematic diagram of flexible pressure monito-

ring sensor for knee joint
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Fig. 4 Schematic diagram of flexible conductor
arrangement under pressure monitoring
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Tab.5 Basic information of the subjects

%7 S/em R kg Iy %
1 165 55 25
2 168 50 26
3 163 54 25
4 161 48 25
5 170 53 24
6 160 45 25

3.2 IGUEE

JEEOGT 22 M i ) WA R, A s e
il A, A st 0 28 A BB B A PR W 3
Moxy 3T £T 4GS TR 28 I6 B LA W A, 20 K
] PrRAR AT 4 A7 PR ] ) 335 5 MSR145W LS B A%
S, TN AT R TR A BR A R 3
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Tab.6 Comparison of knee joint pressure test results when

12 6 AT, 5 3 e fid s 0 00 A0 1 4
N S S eI A KRStV PN NS
TR EBUEAAAE—E MR 2. FEHR R OO
LS 2 R B AR N R 5E A A AR D%
A B Ta s NI A, OR 5 R B i, 1%
RIEHB SR R ARILR 8 s KRR
A ) A s BT DA 0 28 IR LR T

M 7 IR, ZE A R TT F AR PR IR T
E K- 0. 05, BERA 1 il e 519 1 s 7 ) 1 Je
AR I ZE AR AE s 207 22 ARAERT, T Gt A AR AL
R R T W KT 0. 05, RBEHE L )y 25 40 %5 19 1

standing still Hf . kPa , . ; ” e ek g
8 D K R M R 5 A e R
1 %2 SFIH O 70, N, -
Wik m;% o m;‘f = Fo 0 ST 0 784 0 o 4 (R A 5 0%
EN S 2 ~ N N,
< a0 o o MEEAIEE 95% B AH KA, KRR 0, B
B 0.57 0.51 0.65 0.61 FPT IR D19 2 s M A7 e M DM 45 SR T 4
C 0.3 0.56  0.63 064 342 pEEE  BREFHHEPEHLED
D 0.61 0.63 0.69 0.72 PSS .
E 0.57  0.59  0.64  0.68 HUAI SR A 5 B
RT EABRXTZEMIER ERHEHER
Tab.7 Output results of 7-test of independent samples of left and right knee joint compression
. Levene ¥ 16 T K56
WH % _ _ — —
Sig. t Sig. a2 FrifEiRzE 95% A7 IX.[A]
-1.250 49 ~
A 0.038 0. 846 -0.067  48.000 0.947 —0.040 40 0.601 85
P 1.169 69
J&h . -1.250 52 ~
N -0.067 47.962 0.947 —0.040 40 0.601 85 1,168 72
-1.38579 ~
A -0.130  48.000 0.897 —-0.084 40 0.647 25
JE 1.216 99
£ -1.38579 ~
NEE 0.013 0.993 -0.130  48.000 0.897 —-0.084 40 0.647 25 1.216 99
85 122
80 12.1
75 - 12.0
N = 119
270 g 118
= =
265 o117
g 60 i_ﬂ; 11.6
15
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Fig.5 Muscle oxygen test results
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Fig.6 Average body surface temperature variation graph
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Fig.7 Subjective assessment result
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