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Research on the control handing comfort evaluation model
for standing posture

ZHAO Chuan, YU Suihuai, CHEN Chen, CUN Wenzhe, WANG Long

(Shaanxi Engineering Laboratory for Industrial Design ( Northwestern Polytechnical University) , Xi’ an 710021, China)

Abstract: Good control handing comfort not only reduces fatigue but also improves efficiency. Aiming at the
uncertainty and fuzziness of control handing comfort evaluation, this study builds up a control handing comfort
evaluation model for standing posture based on Takagi-Sugeno Fuzzy Neural Network (T-S FNN). Training and
testing data were collected during the experiment. Twenty adult test subjects were asked to complete 100 different
operation tasks. Test subjects’ joint angle, foot pressure distribution, anthropometric dimensions, target position,
and subjective comfort rating were collected during the experiment. The proposed model was trained using 90% of
the data obtained from the experiment and was verified by the remaining 10% experiment data. It was then
compared with the subjective comfort rating estimated by BP Neural Network. Results show that the proposed model
had smaller root mean square error than BP Neural Network (1.2 vs. 4.5). Subsequently, 15 groups of different
tasks were randomly selected to further test this model. Results show that the correlation coefficients between the
value obtained by this model and the actual value, and those obtained by the Rapid Upper Limb Assessment
(RULA) and the Ovako Working Posture Analysing System ( OWAS) were 0.962 (P <0.01), 0.833 (P <
0.01), and 0. 694 (P <0.01), respectively. This study demonsirates that the proposed model is effective in
estimating control handing comfort.
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Fig.1 Schematic illustration of the human machine system

N BB BB AR, 5 2 i 3 2O
I T 77 it OB % TR &,
RIS, WAL P R BRI .
HLas X T BA BUstfE AT, 32 208 i AR R
PO R B ke B A P 3 38 2 07 3K, 51 AR B A9
SR, S FH P REAS T Y S BATIRA , LU SE
WAV AT 55 HEAE , A i A Ak A — 7 A M 3R 85
e Ak as )RR G RE R Eh SR LR AR R A
SEINF AR R N R REZ 577 i B3z A7 7 A2 W, A
LR FERhad R b, th TR0 H A ™ fhists
WRETEAWAE, i IR S R LR 225 47 /Y A B
FAHRERL. ARBIFSE S EERAGE R v 7 (il o B S A N %
AR5 B RS AL A T .

2 BYFEREIE

AR R 7 BT, AL RN ARG T A A T
T ZRIBCG EFE YRR S B 7 i B R AR
BESERE. 20 A THHE S TARSE, b4
P11 & Bk 9 4. R Cb AR AR RS GT
10000-88 ), 55 1 & e r o 1 3 (v %4k 50% ~95%
LEE E T A RO 40% ~99% , By (AR R
P 1.

T GRS TR AR AL X T P T 3 1 4 S
25 AN MG AR FRARTAN [R] A 4545 007 B[RRI 40K
MIEAEN 3 em,5 17,5 SIS HES T 8RR L, &
ANBEENGAR 2 18] A [R] L R 20 em. B3 25K A
SRUISL TV A H A, S5 A O 90°, i 5T
R TRERRF Y. I 4 IR bR AR A B P A5 16 O i il
FISE 3 47 5 3 HNESE MR oL, AL BN W
IRRERIE LY B3. 1R LR b, 390 2R UK F-



- 196 - MR O T

AN

552 4%

5 10 em y B4 38 /D/KF-HE R 15 em O B2 ;820
JKFBEES 30 em S BL, WK 2 fros. Hbs oA

ARG AWK v R T2 A 4 R B KRR
PUE.

=1 #ilEANMENELIE

Tab.1 Test subjects’ anthropometric dimensions
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Fig.2 The experiment of control handing comfort
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Fig.3 Joint angle calculation
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Fig.5 The handing comfort estimation model based on T-S FNN
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Fig.6  Effect of target position on comfort rating
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Fig.7 The model’ s estimation of comfort rating
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