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Detection of mental fatigue state using pulse sensor measurement values and principal
component analysis

Ren Ya-li

Abstract

BACKGROUND: With the development of science and technology, there are more and more objective methods to
research fatigue, and physiological indexes intervene makes it a medical, cognitive science and psychology research
hotspot. However, the detection of mental fatigue is still lack of objective physiological indexes.

OBJECTIVE: To propose a novel sub-health state recognition method based on principal component analysis and pulse
signal features is presented in order to evaluate mental fatigue state.

METHODS: Firstly, wavelet transform was used to de-noise the pulse signal. Secondly, the peak value of power

spectrum, features of corresponding frequency, center of gravity and gravity frequency of power spectrum were extracted.

Thirdly, the extracted features were performed with principal component analysis. Finally, an improved linear discriminant
analysis was applied to classification and pattern recognition. The results demonstrated that the recognition ratio of the
principal component was up to 100%.

RESULTS AND CONCLUSION: This method possessed many attractive characters such as simpler calculated process,
better stability, and could get higher recognition rate, which provides a certain reference value for achieving detection of
mental fatigue state.

Ren YL. Detection of mental fatigue state using pulse sensor measurement values and principal component analysis.
Zhongguo Zuzhi Gongcheng Yanjiu. 2012;16(44): 8251-8255.

FERSENLEE T WK IAE, XA
AV B PRI A5 S B 2R BTN B 2 2 K T
VAP0 PR B Uot R ey AR LGRS BV RPN

0 3l

i}

R 57 2 2 TP AE RS o IR R I
WAL S B AT, KA TR OTIRE T,
WL PR B A BRI e, SRR AN, Hs

ISSN 2095-4344 CN 21-1581/R  CODEN: ZLKHAH

fr e,
LI [ A 4IRS A R 2 3SR i 3 0 R
EEOESRER)ST, TR, B2 e

e A A
FFIE, HiE R
faw 745000

T FH K, %,
1970 fF4, H#
AR A, B
#%&, 2007 “F 29
I RFEL, M
+, sk, =%
INEAMEFE
TR AR
renyali888@
sohu.com

hp 4324 5:R318
SCHRFR RSB

G +5:2095-4344
(2012)44-08251-05

A% B #: 2012-03-08
4= B #1: 2012-04-15
(20111217012/G - C)

Electrical Engineering
College, Longdong
University, Qingyang
745000, Gansu
Province, China

Ren Ya-lix, Master,
Associate professor,
Electrical Engineering
College, Longdong
University, Qingyang
745000, Gansu
Province, China
renyali888@
sohu.com

Received: 2012-03-08
Accepted: 2012-04-15

8251



@ﬁm WWW.CRTER.Org

TEVFY. T RGN R T BT BT AP S R a1 iR

fig (R ERVE o B RHIHED , BEO0E 57 1K) 2 W T
Bolkoi %, A BREEAR A AESC SO B2 L ISR
AL PAE TR HATRETE R, R AT il &
PPOT ST (0 B A S 4R bR R R FE SRR, e
i A IRBIESEE, Joh, ok
H 7y vl S Jf H O g e oh N 3 R 57 IR A6l
(7R T A% 5 F A A7 ik AR AT 5T
F R I RRAE . BTRSERRS RN A5 5 DRI
20 0L T 2 M 41 08 2 K S 5 AR S MR REAT RS A8 7 (1 TR
SIS, A T R AR

B B R A 5 (KORGS5 DR 2 YU B
o RRIG R B 5 AT NP A W A B )
i OrIE S LS IESSIVE T SNIPIE S RNy e RV T S
FRE s JFAI o 0 A o X SE AR RN 25
TR AR, o R T St il e M ol s Wik 232K,
Ty WU 1K100%, ST RGO IR K5 2N
5l o

1 BKEESH

1.1 PRIHE 5 RE P04 AR i,
W821-27%, LEVEAN T RIS 5 RAE L RIS L T
FERA 20, HERR AT ™ T 50093 RORS R 1 1) 2 A=
ot Jri MR H AR AR 11 B L AR 5 10 A I F AT B

BZAR SR PR R S R AS N SE 6 = v 4% B dis R
o RAEIIFEA, KK AL A BT I3 2 F sl ik
A K S Fre AR TP, I AR AR, 4 T
BTG ESOIEESE, fHE S PG I s . R
SRS, BN R, 43030 minf)aiE ik
BUE, UK A W FARSA B ik, 3h)E, T
YOI HEAT KA 5 IR, X 2 B R4
B A BAE AT 5 57 BRI 57 5 A o A5 RAEAA 1%
B oh1 000 Hz, {55 RAEMHBEE AL min, EAMREK
REFRAE e IR T EA T, A2 A REAT BRI
BERAMCAB I AR, LA G5 e i HEAf 7 -
1.2 BRIEFIER BTSRRI KIS 5 AN Tk
Hh 25327 BIUAZNVE S 0 TH0, W ) Bk 445 5 2647 8
B, FREEATAE SHRFEM S

TR0 KA B (1 — AN 23R 38 9% 57 1 KA 5 W B 1a
Fi7R, 43 R PRI /NI T W 1) 7 3B A T e Ak
P24 e (A R E AR 40 Hz, BEAREE SR
45 Hz, W KEE0.5 dB, BH 5 /N 340 dB MK
WS UL AR IRV, REEMES mE bR . A

8252

Wdencmp i il AT B, RSB EE W T
opt='ssl', wav='s', n='4', thr='db3', sorh='sure’,
keepapp="1', /N IEBE HIME S Bl 1R, HE 1]
DA Y, Bk 0 )5 iR 5 o 2 I ARl DR s Jo AE IR 1
W NAIRA — /N BRI, 415 B N S
BRI T RBA T, AN YA D52,

Amplitude (mm Hg)

200 ()
100/\/\——\/\ \/\M
0_
05 1 15 2 25
Time (s)

a: Original signal; b: Signals after low pass filtered; c: Signals after
wavelet filtered; 1 mm Hg=0.133 kPa

Figure 1 Filtering for pulse signal
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Table 1 Eigenvector of pulse signal

Peak value of Frequency of  Cg of power Cg frequency of
TR power eak value (Hz)  spectrum power
spectrum (dB) P spectrum (Hz)
qo1 51.21 0.87 43 577 1.42
q02 50.22 0.87 33 549 1.55
qo3 50.90 0.87 66 092 1.61
q04 51.45 0.87 49 384 1.57
qo5 52.18 0.87 61 636 151
q06 51.53 0.87 34 590 117
qo7 52.28 0.87 50 623 1.33
qo8 50.19 0.75 49 652 1.30
q09 49.72 0.75 42 130 1.30
q10 50.62 0.75 32 210 1.59
qll 52.35 0.87 77 288 1.38
ql2 52.13 1.00 76 696 1.42
ql3 50.38 0.87 36 931 151
ql4d 48.96 0.87 22 185 1.43
ql5 49.05 0.87 31760 1.56
q16 49.86 0.87 28 697 1.54
ql7 49.18 0.87 19 300 1.48
ql8 49.45 0.87 25 228 1.48
q19 49.71 1.00 39 870 1.50
q20 49.77 0.87 23788 1.60
Peal;o\@age of Frequency of Cg of Cg frequency
Types peak value power of power
spectrum
(Hz) spectrum spectrum(Hz)
(dB)
h0o1 49.02 0.87 22 977 1.69
ho2 46.47 1.00 12 746 1.66
ho3 47.83 1.00 14 552 1.67
ho4 46.52 1.00 31290 1.65
ho5 47.69 0.87 14 251 1.80
h06 47.13 0.87 17 115 1.95
ho7 51.08 0.87 53 956 1.55
ho8 50.70 0.87 41 019 157
h09 50.01 1.00 36 770 1.69
h10 50.13 0.87 40 965 1.73
h11 48.07 1.00 22 927 1.56
h12 48.81 1.00 22 432 1.56
h13 48.33 0.87 37 034 1.41
h14 48.35 0.87 30718 1.43
h15 47.27 1.00 18 144 1.51
h16 46.75 0.87 16 841 1.63
h17 47.41 1.00 19 119 1.67
h18 46.72 0.87 20 281 1.59
h19 48.04 1.00 34 482 1.58
h20 48.14 0.87 35 062 1.50

Cg: center of gravity
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Table 2 Principal component of pulse signal features

Before fatigue yl y2 y3 y4
qo1 29.74 16.34 3.63 -34.87
q02 29.34 17.60 5.16 -33.95
q03 29.29 17.17 451 -34.86
q04 30.24 16.97 4.59 -34.63
qo5 30.83 14.90 2.14 -35.12
q06 30.48 15.93 3.37 -34.58
qo7 30.93 15.90 3.43 -35.07
qo8 29.38 14.32 4.30 -33.78
g09 28.85 14.23 4.03 -33.73
qlo 28.07 15.59 5.30 -35.44
qll 31.74 16.46 4.46 -34.34
ql2 31.84 18.16 3.43 -34.20
ql3 28.74 16.74 3.81 -34.78
ql4 27.63 16.23 2.89 -34.15
ql5 27.63 16.95 3.79 -34.21
q16 28.04 16.82 3.70 -34.81
ql7 27.52 16.40 3.04 -34.50
q18 27.87 16.49 3.26 -34.50
ql9 28.88 18.21 2.57 -34.08
g20 27.63 17.05 3.83 -35.07

After fatigue yl y2 y3 y4

ho1 -14.05 4.78 -34.13 16.33
h02 -11.76 3.33 -34.35 15.56
ho3 -12.43 3.45 -34.90 16.05
h04 -11.31 3.26 -34.19 16.18
ho5 -12.75 5.46 -34.00 16.07
h06 -12.33 6.34 -34.42 15.40
ho7 -16.92 3.84 -34.64 15.68
h08 -16.00 4.05 -34.47 16.22
h09 -14.51 3.61 -36.02 15.69
h10 -15.40 5.00 -34.88 15.71
h11 -13.23 271 -34.62 15.85
h12 -13.53 2.76 -34.89 16.22
h13 -15.12 291 -32.92 15.65
h14 -14.76 3.05 -32.92 16.00
h15 -12.74 2.38 -34.09 15.85
h16 -12.86 4.31 -33.00 15.76
h17 -12.49 3.40 -34.79 15.60
h18 -13.12 4.05 -32.88 15.61
h19 -13.77 2.81 -34.85 15.11
h20 -14.74 3.46 -33.17 15.54
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Table 3 The results of linear discriminant analysis

Eigenvalue Correct rate (%)
Peak value of power spectrum 80
Frequency of peak value 67.5
Cg of power spectrum 67.5
Cg frequency of power spectrum 75
Combination of all the above features 82.5
Principal component y1, y2 100

Cg: center of gravity
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