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Abstract ; Objective To test the reliability of measuring the mental fatigue with joint motion characteris-
tics by motion capture and computer technology in the body weight support situation. Methods Mental
fatigue was induced by prolonged cognitive tasks and then was evaluated using a series of psychological
questionnaires. Kinect was used to identify and track 25 joint points during the 2-minute running exer-
cise in the body weight support situation for each subject to get data acquisition. The Gaussian process
regression algorithm was used to establish a model between the psychological scale and the motion
capture data. Pearson correlation and root mean square error (RMSE) were applied for testing models.
Results Based on the time-space characteristics of joint motion, the individual’s mental fatigue could
be measured under body weight support situation. The mean correlation coefficient between the pre-
dicted value and the real scores of the fatigue was 0.44, the RMSE was 2.94, meanwhile, the mean
correlation in mood states was 0.45, and the RMSE was 5.49. Conclusion The joint motion information
can be used as an effective biometric to predict the mental fatigue. When the space or resources are
limited, the psychological index prediction model based on the motion capture and machine learning
methods can provide a new perspective in the future space missions.
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Fig.1 Running in space and simulation on the ground
(a) Running of astronaut in space; (b) Simulation with
joint recognition
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1) £ 4 % %5 1 £ (multiple fatigue inquiry,
MFL-20) , 43 R B8 9% 55 (general fatigue) . YK 14 9%
57 (physical fatigue) |5 J1 9% 55 (mental fatigue) |
i 71 T B (reduced activity) . s L F F& (reduced
motivation)5 PM4EE . B R AT Cronbach’s a =
0.815,

2) 0 BE R 5 & 3 (profile of mood states,
POMS) , 43} 5k — £ JE (tension-anxiety) , i &%
— H & (anger-hostility) 3% % — 1§ P ({atigue-in-
ertia) fii il — H 2 (depression-dejection) \FHL —
JH3 (confusion-bewilderment) . 3§ 77 — FAA% (vig-
or-activity) 6 N4k JE, M0 & X R S 4 4 B

(total mood disturbance) , B 5 4~ 14 #& .0 35 4k 2%
oA 1AL BIRAS JE i 100 43358
. BEFEM Cronbach’s ¢ =0.857,

3) IF M 71 M 15 4% B 3% (positive and negative
affect schedule, PANAS) , 43 1F P Fl 11 4 7 4
e, IEMETH 4% (positive affect) 19 & /AR AN
FRHE 0 e LA K A BT AR AR R 2 i 1
R, TP 4% (negative affect) B9 & /R FE A
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i Cronbach’s « =0.881,

4) # B &= # (Maslash burnout inventory,
MBI-GS) , i 1 4 #€ # (emotional exhaustion) .
FEA4E AL (depersonalization) | i gt /8% F4 i (per-
sonal accomplishment)3 N4EEEH %, BiEEH
Cronbach’s « =0.716,
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Table 1 Basic information of subjects
Total(n=90) Male(n=40) Female(n=50)
M SD M SD M SD
Age 23.35 1.34  23.56 1.45  23.18 1.24

Height(em)  168.79  7.02 174.73  4.57 163.92 4.44
Weight(kg) 60.62 11.16  69.10  9.61  53.67 6.62
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Table 2 Paired-sample ¢ test before and after psychological fatigue induction(x +s)
Total(n=90) Male(n=40) Female(n=50)
Ttems
Before After Before After Before After
MFI-20
General fatigue 8.7542.69 11.524+3.424 8.9342.33 12.03+3.424 8.60+2.97 11.1243.404
Physical fatigue 8.1343.12 9.3143.144 7.68+£2.79 9.58+3.32% 8.50+3.36 9.1043.00
Mental fatigue 9.5542.64 10.38+3.02% 9.27+2.81 10.18+3.29 9.78+2.51 10.56+2.82*
Reduced activity 10.65+2.45 10.97+£2.29 10.88+2.69 10.98+2.21 10.46+2.23 11.06+£2.39*
Reduced motivation 8.484-2.69 8.6242.59 8.9842.62 8.33+2.29 8.08+2.71 8.88+2.82*
POMS
Tension-anxiety 7.72+£2.72 7.79+3.04 7.70+£2.67 8.35+3.36 7.74+2.78 7.42+2.70
Anger-hostility 6.44+2.30 7.13£3.40% 6.30£2.62 8.00+4.397 6.56+2.03 6.48+2.20
Fatigue-inertia 7.5642.93 10.3244.494 7.28+2.63 10.7+4.654 7.78+3.16 9.98+4.404
Depression-dejection 6.4942.44 7.324+2.81% 6.50+2.76 7.831+3.28% 6.48+2.19 6.924+2.32
Vigor-activity 20.2444.64 16.82£5.784  20.9844.86 16.43+£6.304  19.6644.42 17.16+£5.364
Confusion-bewilderment 7.48+1.94 8.33+2.67~ 7.25+2.15 8.20+2.79% 7.66+1.76 8.46+2.58*

Total mood disturbance
PANAS

115.44=212.70

Positive affect 33.5847.38 30.33+9.124

Negative affect 13.80+3.81 14.27+4.04
MBI-GS

Emotional exhaustion 0.3540.59 1.20£1.2248

Depersonalization 0.347+0.64 0.7841.024

Personal accomplishment 1.114+1.33 1.30+1.34

124.08+16.874 114.05+13.04

126.65+19.494 116.564-12.43

122.104+14.38%

34.254+8.38 30.50+10.054  33.04£6.51 30.22+8.197

13.3544.04 14.60£4.33 %  14.1643.62 14.0243.81
0.404+0.70 1.504+1.334 0.3240.49 0.95+1.084
0.4740.82 1.05+1.194 0.2440.43 0.57£0.80%
1.3041.39 1.4641.37 0.9641.27 1.22£1.34

Note: * P<C0.05,% P<C0.01,4 P<C0.001,as compared with before
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Table 3 Correlation between model value and true value of scale and root mean square error test

Total(n=90) Male(n=40)

Female(n=50)

Items Front Kinect Back Kinect Front Kinect Back Kinect Front Kinect Back Kinect
r RMSE r RMSE r RMSE r RMSE r RMSE r RMSE
MFI-20
General fatigue 0.45%  3.36  0.48% 3.31 0.784 2,10 0.63%4 2.82 0.31* 3.71  0.594 2.91
Physical fatigue 0.464  3.42  0.51%4 3.04 0.77~ 2,15 0.77~ 2.12 0.457% 3.16  0.594 2.91
Mental fatigue 0.524 2,80  0.432 3.10 0.774  2.09  0.35% 3.77 0.29* 3.54  0.36% 2.89
Reduced activity 0.424 2.51  0.23* 2.67 0.38* 2.42  0.507 2.16 0.437% 2.52  0.33% 2.65
Reduced motivation 0.337 2.82  0.564 2.37 0.614  1.86 0.74% 1.55 0.524  2.72  0.62%4 2.35
POMS
Tension-anxiety 0.414  3.18 0.454 3.33 0.584  2.83 0.774 2.13 0.33* 2.89  0.604 2.36
Anger-hostility 0.44%  3.71  0.594 3.01 0.497 4,12 0.694 3.27 0.557% 1.93  0.554 2.07
Fatigue-inertia 0.454 4.48 0.27% 5.46 0.524  4.20  0.604 4.07 0.544 4,13 0.604 3.59
Depression-dejection 0.357 3.18  0.524 2.78 0.544  3.08 0.774 2.10 0.06 2.92  0.45% 2.54
Confusion-bewilderment 0.43~ 2,66 0.56~ 2,53  0.654  2.32  0.654 2,09 0.53%  2.30 0.624  2.45
Vigor-activity 0.287 6.88  0.48%4 5.71 0.794  3.91 0.574 5.54 0.26 6.28 0.694 3.93
Total mood disturbance 0.514 15.84  0.594  14.06 0.634 15.71  0.754  12.95 0.47% 14.11 0.634 11.91
PANAS
Positive affect 0.03 13.00  0.422 9.32 0.854  5.32  0.554 8.93 0.32* 9.42  0.75%8 5.40
Negative affect 0.317 4.82  0.594 3.56 0.497 4,07 0.784 2.71 0.457% 3.76  0.564 4.01
MBI-GS
Emotional exhaustion 0.534  1.13  0.502 1.15  0.614 1.13  0.55& 1.20  0.42%  1.17 0.50& 1.08
Depersonalization 0.474  1.02  0.58%4 0.88 0.49 1.24  0.694 0.86 0.594  0.68  0.407 0.78
Personal accomplishment 0.14 1.84  0.34% 1.45  0.78%4  0.85 0.63%4 1.16  0.28* 1.53  0.417 1.35
Note:Person correlation coefficient, * P<C0.05, ¥ P<C0.01, £~ P<C0.001
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