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Investigating Fatigue Assessment M echanism for Aviation Manufacturing and
Application of the Device Design

ZHANG Lan-yun, HE Yan, YANG Jing-yi, ZHOU Hai-hai, CHEN Bing-fa
(Department of Industrial Design, Nanjing University of Aeronautics and Astronautics, Nanjing 210000, China)

ABSTRACT: In aviation manufacturing industry, fatigue is a common problem among operators. In order to monitor op-
erators's muscle fatigue, SEMG signal and self-perceived fatigue level are collected between novice and skilled operators.
The collected data are further analyzed. It is found that a few SEMG features indicated directional changes with the in-
crease of dynamic muscle fatigue. Spearman correlation analysis indicates that Borg ratings have strong correlations with
RMS and Fl,¢ns slopes. Significant differences in the SEMG signals between novice and skilled operators are found.
Combined with experimental results, a model is proposed for muscle fatigue assessment. Furthermore, design implications
to guide fatigue monitoring devices are discussed for aviation manufacturing workers: design of wearable device, how to
apply the proposed model to assess muscle fatigue, and the design of the feedback signal. At last, the design and applica-
tion of awearable device for human-computer interaction in this context is explored.
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Tab.2 Participant information

Y BMI MiFS kg SEHRRERC M
1 30.86 5 B 1 BT
2 20.76 5 Bz 1 BT
3 20.76 5 Bzt 2 #HF
4 23.66 5 Bz 1 #HF
5 25.95 5 Bis 2 BF
6 23.39 5 B 1 BT
7 22.2 5 P 2 BT
8 21.97 5 Bz 1 T
9 23.14 5 Bzt 2 #HF
10 22.4 5 Bz 1 #HF
1 22.49 10 Bis 2 ALk
12 23.06 8.5 R 1 AL
13 22.86 8.5 P 2 AL
14 22.20 8.5 Bzt 2 AL
15 23.05 8.5 Bzt 2 ALk
16 21.60 8.5 Bz 1 ALk
17 23.12 10 Bis 2 ALk
18 21.38 8.5 P 1 AL
19 23.14 10 P 1 AL
20 25.95 10 Bzt 2 AL
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Tab.3 Correlation coefficients between Borg scale ratings and the slope of six SEMG features
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Tab.4 Numerical comparison of SEMG features between novice group and skilled group
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Tab.5 Comparison of changing trend of RM S between novice group and skilled group
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2 0.168 0.947 0.000%* 0.150 0.874 0.000**
3 0.158 0.904 0.000%* 0.078 0.798 0.002**
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3% 6 s, BR T FALRYER 12 Hh, HAbd
AR RS A 5 2 R I R . XL TR T4,
Gl BTSN . B T4 45 Amfe

=, Ihdia 3AHMAREE . nTLIEH, Flnsms
(B0 W 55 X6 T 0k 4 8 I ABUR% , B FALAE 4-5 410
ATH . 1-3 4L 5



6 T R 2022 4 8 H
#*6 HFESHAGAHFlLaBENTHEBREEDT
Tab.6 Comparison of changing trend of Fl,s,s between novice group and skilled group
HAEL e N VS EY ' BT ARG R AL P {H PG PIARE AGRAMXREL P i
1 0.023 0.255 0.423 0.049 0.818 0.001**
2 0.064 0.789 0.002* * 0.087 0.911 0.000**
3 0.084 0.809 0.001** 0.078 0.910 0.000**
4 0.187 0.923 0.000** 0.010 0.922 0.000**
5 0.151 0.858 0.000** -0.011 0.972 0.000**

E: *P<0.05, **P<0.01,
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Tab.7 Accuracy of identifying three states

Borg wﬂﬁmm PO LS w%%&%i
W &) J1¥%
0-3 64.29 30.95 4.8
4-6 22.22 55.56 22.22
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Tab.8 Recognition rate of three statesin novice group and

skilled group under different thresholds
%
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W W57 1138
0-3 54.76 51.85 48.39
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5 AARESENR &L ITREERENA
Bt 5 e 2 i il 52 2 R RE 4R 7, i T Al Bty

PSSRV A S far I AE XSS, ik El i
FERNHLUCEL , BEi14 5 2L T B 4 T D R I B 2
FIBE ST, LK i T A fi HH B g o7 AR R 108 st iy
DN AR 2 %) UL PR 98 55 155 0 b 21 o LI 9 57 1) PF
Al N R S — T AR R — TR 55, B BT g
IR BIEER, nl N AR il 2Rl b, FLAK
mr.

51 AIFHEENEE

FORTEL Oy Al 2P B T B A 17 i B L Rk
SR A B R BT O AL o ) A 7 S s e Tl 3
T, CHLEOFEIESR I, SRR T EA I A PR R —
RHHEE [F—d e, BESA SN B L A
B, #A38 BOWLP R 57 IR DU IR T B DI DG TE | il
FAT & b B A K 2 T 2P e 4, G045 iz
SR RET R . T 1 BEIREE A i 5 T35,
AR MEINRLEE | O 3R RIK A KT Y 00 i 1 e 4
FRIRIK O 75 B B T ILA 8 57 i 4, (H B 22
JEBL T W] 2 R B ORI T) o AR L R T RlE
BT, BT B A — L T T LA 1% 1 A
BT AR W T SRR A1 (K S B A AN BE R HILIA
O 55 PEATITAS A B A5t o PRI, ASSCHR R BF X T T
i 2 2 IE o e P B2 5 M DN AT o R A E AR 5T
TP

5.2 AR B B R 3R RE

AR SCAR B 55 R I8 AR VRS LA 352 6 5K
SN RYPE ST o AR AT LGE A o A SRR L HL A R
BY TR ANTEOWLP AR o LD ™ RS T A )
BAR TR B A TARRGS, 5B 1E” RS
A LA IR i B 57 o AR SEBRR R, BE AT L
L AERAEE AT 2 1) 3 Y S AP IR YRR R E
I ELBGEE WLPA S | JULPA 5 R 55 75 BE 8 468
T eb Y BREL I RE A AR S IR o A, S LERHR mT
Pl 2 MR 7 2 5 BINLA B S5 PFAG . 5 1
i, WA A DI AR R PR BRI, I (W] $ 5 M 55
PEARER 5 28, EMREEONRA, BN
FE PG AR
5.3 RIBRESHIRIT

] SR A RE O I SR IS S A5 o S R
A A R Lh 4 A 2 7 2 AT 55 30 1) ) G 9 2 3 iz
AT AT A H IR, IR et Rias | e s
JULTA) B A5 00 o L S i R 22 M 4 1Y) T 2k
PO R i 5 VT B S A M S T BB, X
Xf—Bei B S TE R AR5, IS g 5t
FIRER e AR, ALSE S5t n] LI i S 200l mT AL
AR I8 BRI SR A~ ~) o AR T 3R b (i
BT REAN TIPS, 25 R R B UM . &
XL 2 2 BE Ak e v R AL DA 25 M 5 7 B R S



8 1l %

T 7

2022 4F- 8 H

B EIE
5.4 AIFHIEFMANZERITEA

PR BT T LR P48 A 35 ) 25 O 57 W D
RYHIIN MM H RS, i) 5 T IR A4 0 57
R 2584, LK 5. B, RTAIFEUE
KW, X fhomgras e Rty 7, ARk
JERYZRaE AT LOE B AN R AL ER AL, HZF R 5 5
TR U, KT LA 5548 B4 7 S, AR B
W 55 ARG AR5 A 55 REJE 7 B T 32, RIVULPA 8k

T R FNWHRAE A BT RAS o HRR, BEXEARILA
JihE ARG AR, B B S R G
17 B PR R )L AN [F) 5 B X0 37 T R R A 2 7 5
5 rh B R B 57 KR AR, ATt 2 JE AR
P 7 AR B R O A BRI A R R 5 AR BT Y S
H, SRAEE T LI O ARl i i v o 57 7
JERVB LRI R Ge 4 R R, KT RS 51
weit, MR 3 RO R SRS BT T AR B4R R
STRIRSHARBE , SR H BB F A 55 R I, &
Giox RIS R B R BT AT, JF H IR 2 57K S

i BRI ST BT R IRERERIRALE Rk RS DRI E
------------------ e e
TAZBENEHNRE KISBIEELIAES, RN TARNKZNE, RIT
HTIE RERE {ECPBVARE S, FHETEIN

WFERE RGERE

K5 WML HRAE AT 2 B0 55 W D 28 400 i SR 0 SR T 503 T

Fig.5 Product and interface design of wearable fatigue monitoring system for aircraft assembly operators
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