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Sitting in a car seat for a long time causes fatigue in muscles such as trapezius and paraspinal muscles, which
increases muscle fatigue and tension and eventually causes in degenerative spinal changes and pain. Therefore, the
authors attempt to investigate the effect of trapezius and lower back muscle activity changes on whether fatigue may
be improved by balancing the buttock contact pressure in the sitting position. The purpose of this study was to assess
the electrophysiologic effect of dynamic balance control for the trapezius and lower core back muscles through
wireless surface electromyographic evaluation using the smart car seat equipped with an ICT-based air bladder.
Surface electromyography (SEMG) was measured for each 32 participant’s trapezius and lumbar back muscles in three
phases: 1) initial on standing, 2) seated for 25 minutes without balancing ischial pressure, 3) seated for 25 minutes
with balancing ischial pressure, and then SEMG was measured for 1 minute on the standing of three individual phases.
In the trapezius and low back muscles, the SEMG value of the three-phase MVIC showed a statistically significant
increase in the left side compared to the right side (p<0.0001). % MVIC difference increased in unbalanced seating
(7.32+0.83) compared to the initial measure (7.24+1.72). However, it decreased with balancing seating(6.73+1.81,
p=0.049). There was no statistically significant difference in the overall % MVIC differences between both lower back
muscles among three phases (p=0.35), but the balanced seating showed a slightly increased % MVIC difference
(p=0.10) in contrast to that of the trapezius. Balanced control of hip pressure using automatic logic control of
ICT-based smart car seats has the effect of reducing the left-right difference in muscle activity of upper core muscles
compared to that of non-balanced seating. Conclusively, it is believed that the difference in the left and right
imbalances in the activity of trapezius can be alleviated through the pressure balance seating at the driver’s seat, and
the effect of improving muscle fatigue can be expected. Nevertheless, driving in a sitting position, regardless of
balance control, the lower core muscles continue to increase the activity of the lumbar muscles, which inevitably
causes pain, discomfort, and fatigue over time. Wireless bio-sensing and balanced seat control using ICT-integrated
smart car seats can be used as important application science fields that can improve muscle fatigue and degenerative
spinal changes associated with professional workers.

Keywords: Electromyography, Car Seat, Seat Balancing, Muscle Fatigue, Muscle Activity, Information
Communication Technology (ICT)

o EEE MOE BES| ALOR FAAPAY S 2E 7YY ALE Wb Y APYFHAUS : NRERIIANTION)
P RRAA T SEE 5 1080 A5 294 QUAT FHE 110 QAR A4 YRALL, 5 P E LA TL,

Tel : 031-910-7730, Fax : 031-915-0885, E-mail : mjsohn@paik.ac.kr
20221 84 229 A< 2022 109 219 AR A 20228 1€ 259 AA FA.


https://crossmark.crossref.org/dialog/?doi=10.7232/JKIIE.2022.48.6.595&domain=https://jkiie.org/&uri_scheme=http:&cm_version=v1.5

596 é]‘?‘ﬂ e -

1A &

s & & 2] Arf A %1ﬂﬂﬂ“4ﬂ =5
of A=A &Y FAolth v 79 B9 164 o] 1
7} a2 HF 2539 SAL B 55 J§¥F482km«| THs

2 59E0|TH(AAA Foundation for
Trafﬁc Safety, 2021). 7o D55 AW T2 9] B 93}
H, &474e] 9 2R 730 EE W% A 3 dele
Ak o4& kA 8L 9l ( m ef al., 2012; Kim et al., 2002).
U FANAE A A wFAL A1 25% 7} &2 7
2o|m, A& AEAt &4 H 30%°]7o] R AR B 2
e Zaeta vt 53 AY w44 B, ALY F
7holl whE AN FojF o) ZHAao} At o] 934 L w A
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Figure 1. Smart Car Seat Installation and Simulation under Automated Logic Controller
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2 MM ZAsto HwstGon, A AnE A ES W
A 771" 39 AF 9 Ente vA = 4 s
Z73ta Hrtstth o 2H 2AE A Atg A E of
7N 2 sE 259 MekE 71| AEolA SAsk] Hlagk A
5 #3131 Th(Snijders et al., 1998; Trepman et al., 1994).
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Voluntary Isometric Contraction)E AH-&-3H%Th. ©] = RMS#t]
AP vol, AF, THFA, 5 F, ARFA 59 9F<=
D7) ot A% AA A ZHE NS E FEES
1,000Hz2 AAstglon, e A SFE 32 20~400Hz
WA FHE stAon dolH g-& B F(Rectification)d+ Th,
Smoothing(RMS algorithm, 100 ms window) 4 AA &
9] A 7t 3h(amplitude normalization)E &3 A A&ttt 1)
I 2HE 215 dlo]E(raw EMG)E MVICS} 5Y3 FH o2
A 5, AE9 AtstE sto] 24424 i AAE o tid EMG
A% Elole e HigS H THA FHUMVC)SE Bt

state] 2dadth. 245 A3 Graphad A2 PRISM 82
o] g3ty EAHS ¥ OH paired ttest ¥ RM ANOVA

(Repeated measures ANOVA)E AH-8-3F 31T

24 A 7R DAME B ZA S 574(three phase

measurements)

ZAE SAL g 22 A GA AAAA 27 ZA 5
Atk 27] A Y& AN 2AES W4 2Hsgon o
F 2587 20bE M EA 237k Qe AHolA 23 5 A
A wo] ol 9 &g 259 AL MSHE SAs AT 1
23 vpAsto 2 AnkE A B 23 F 2583 A4H
Z2A A A= w o) 2 g 259 ZHE WEE SH 5
of k79| o] & ¥l @t

c/s Balanced seating &
Measure on standing

Smart Car seat embedded
air bladder and sensor

Sung Hoon Kim - Seong Yun Yeo *

Gu Chang Kang - Moon Jun Sohn

1) Phase 1: 27] A9 712 BH A= g2 M e A
ol A1E7F ZA 53T
2) Phase 2: A& A} 24 of] 22 4
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FHE 374 =44

T3 3 NENS)
78 24¢ NWFHAL, o F 2587 FIAHL 7
@k o] % ohA Lold AAolA 187 EH 2AEE
=48t
3.2 3
HAE 29 2AE A

éﬂrak(%MVI & of g 39} ZTH(<Tablel>).

27) SAFH 92 A, Fo A A ¥ SAY 2
TAHE FANA 2 DFE 2 Aol offo e o] &
2

Nu = ZHE %MVIC A3}

A=
% oj 7ol A 2t A
7t BEHA 2ok
‘]4 SR %L H] 3| Phase 2] A1
0. 97%7} 27]-0}99‘9‘13% e é(phase 3) o] 9= Phase 13}
Hl A 11%7F ot 237t B2 AT =3 Phase 29+
H s AE FHZA 0] F2.01%2 %MVICEHZ Favt &
AT 1y, A T 212 %MVICE S ¢ Aol =
Zt GAA SAACR o3 MIe #AHA Gt
(p=0.7843, p=0.1480, respectively, <Table 1>, <Figure 3>).
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Figure 2. Overall Research Flow Chart
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Table 1. sSEMG on upper and Lower Core Back Muscles (%MVIC, average+SD)

Upper & Lovie Phases P.ha.s.e 1 . Phase 2 . . Phase 3. p-value F DF
core back muscles (initial) (without balancing) | (with balancing) (ANOVA)
Right 28.66+1.64 28.92+1.29 28.79+1.56 0.7843 0.2419 95
Shoulder
Left 35.90+1.58 36.25£1.11 35.52+1.99 0.1480 1.981 95
Lower Right 22.77+1.49 23.32+1.08 22.92+1.05 0.1520 1.996 95
back Left 26.20+1.83 26.33+1.64 26.48+1.10 0.6249 0.4369 95
M Foj Kol A FH ZHERFY %MVIC ZHgho p=06249
7oA W8 ABE 0o 2T 935 % 05T A 2 - : :
%3 %MVICH-> Phase 1] H] 3] Phase 290141 2.42%7} S-7}3} p=6.1520
don, FH2H(phase 3) o FolE Phase 17 M)A i %—'
0.66% 2 57 W37k 2Ha-etglvt. £3, Phase 294 Hl L d}o] s %I %
P24 o] F 1.79% 9] %MVICFo] LA At ety "
o 2E, 3 8% a32AAY 2 BAE wMvIcEke) eoonor o
Wt BAACE o Abole HEHA G 3%Thp=0.1520, Wl . . . .
<Table 1>, <Figure 4>). R1 R2 R3 L1 L2 L3

= S QFZAME S 3 %MVICFo] Phase 1¢] ¥
3 Phase 2014 049%7F F7Fetgion, d¥xE Fol&
1.06% & §% Z713t= A 37} Uebstoh, Phase 294 Bl m8f A
T dgzA Fo F0.57% % MVICH S717F HEHIA T
Ak F = 5 Q9 MVICFX Walol QoM = 2 &
A W3 Aole FAHOE FostA 4k TH(p=0.6249,
ANOVA, <Table 1>, <Figure 4>).

7t A 9 2AE S 5 2bo] Hla A
€ dAA F=2] %MVICFEO] = Hls|A §2]5HAl
7t 7o) #FEAYL, o] FAHLE p<0.001 2 BF
9|3k o] & K YT} (paired t-test, <Figure 3>, <Figure 4>).

o o]N 1—1:1

-

p=0.1480

e

p=0.7843

ﬂ

p<0.0001",ANOVA

%MVIC
w
3

R1 R2 R3 L1 L2 L3

Shoulders in three phases
Figure 3. Overall sSEMG on both side of Right (R) and Left (L) Side
of Shoulders during Three Phases (1,2,3)

Lower back in three phases

Figure 4. Overall sSEMG on Both Side of Right (R) and Left (L)
Side of Lower Back during Three Phases (1,2,3)

3.2 ZH A % MVICS) F-8 Jo)| gk ¥ slke) o gk 24

A ZoATE AN FAHT 2§ %MVICTA o] F
% 2po] = 7.24+1.72(phase 1), 7.32+0.83(phase 2), 6.73+1.81
(phase 3)0ll o, ZF DA o] Wiglo] QlojA = FAA
FojAdo] AZHAE & Ook(p=0.15, ANOVA, <Table 2>,
<Figure 5>), phase 3 78 24 o] %< o7} %MVIC] -9 #F
ol Wsl= H ¥ 2 o] A phase 20l 3] FAHCE £9
SHA| ZHashe o] TEE AT (p=0.049, paired t-test, <Table
2> <Figure 5>).

G, 3 2o 28 2T A SH T H$ %MVICTH|
9] 9 Aol 3.44+1.83(phase 1), 3.01x1.94(phase 2),
3.56+0.97 (phase 3) 2.2, A4 U] Jo] 4o P XA
27822 A Aol Wake BAH 0.2 934 skt
(p=0.35, ANOVA, <Table 2>, <Figure 6>). Phase 12} 2 & Phase
294 3AAME BAHOE FoF Q5K %MVICY F5- A
o] M3l AFE A & UTh(p=0.34, p=0.10, respectively, paired
t-test, <Figure 6>).

Table 2. Comparison of sSEMG Differences between Right and Left Sides on Shoulder and Lower Back(%MVIC, average+SD)

Difference p-value
between Phase | honase 2 fhase 3 (ANOVA) F DF
right and left (initial) (without balancing)| (with balancing)
Shoulder 7.24+1.72 7.32+0.83 6.73£1.81 0.15 1.994 95
Lower back 3.44+1.83 3.01£1.94 3.56+0.97 0.35 1.049 95
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p=0.15, ANOVA

7.31£0.84

7.20£1.73
6.62+1.72

% MVIC difference
~

5=
4 1 1 1
Phase 1 Phase 2 Phase 3
Figure 5. Comparison of %MVIC Differences in Both Shoulders
in Three Phases
6 =
p=0.35, ANOVA

[}
[*]
c
S 4+
g 3.48+1.85 3.51+0.96
E
e 2.96+1.95
S 2+
s
=2

0

T T T
Phase 1 Phase 2 Phase 3

Figure 6. Comparison of %MVIC Differences in Both Lower
Back in Three Phases
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2016). =3 o] &= SAE A7) AL AR HEEE T
AN RAQ AAE 54239 FEAA EUR(EE, 2
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