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Mental Pressure Analysis Based on Reflective Photoplethysmogram

TIAN Yuan, RONG Si-Ke, LU Yong-Qiang, SHI Yuan-Chun

(Research Institute of Information Technology, Tsinghua University, Beijing 100084, China)

Abstract: As the computer's use of people’s cognitive load and mental stress will help the achievement of smart life in the future,
meanwhile recent studies show that the PPG signal which reflects the changes of blood volume in the microvascular will help to analyze
the mental stress and emotion measurement. The paper introduces a novel photoplethysmogram-based stress induced vascular index (sVRI)
to measure cognitive load and stress by using a reflective PPG signal sensor. This model demonstrates the applicability of the reflective
PPG signal sensor. The experiment in this paper does not only compare the waveform difference of using the transmission mode and
reflective mode to acquire the PPG signal, it also uses the reflective green light compared with the red and infrared light. The mental
stress is evaluated based on reflective photoplethysmogram. Baed on the comparison and discussion, the applicability of the reflective
PPG signal sensor is proved. At last, the paper applies the results of the experiment to the model of the mouse. It has a great influence on
the individual health problems in daily life and the advantage of comfort for the individuals and the mobility convenience can expand
considerably the range of wearable smart devices and high-performance medical care devices used for pulse detection system.

Key words: photoplethysmography; reflected sensor; green light; stress-induced vascular response index (sVRI); mental pressure
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Source Detector
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Fig.1 A random propagation path of a photon in tissue
BT DGERAE SR H il 2 1) T 13 B AL 2% A

Forr R 2% 55 o BSOS () B A AR LR T RO IR SR AR A WL 78 R A T R ()
B RE B At L 1 € BENS 1K B SN G N PPG SISO ARE.
1.2 sVRHEE S AKE N ERKE

SVRI &4 Hs J7 0580 s AR B0 A AT 22 B0 T AR TS 3 0BT 125, s VR SEBR A PPG ] Hh A 1) 45 i 4k
LA X S 1 i S R IS VRT R O A A Hs 97 11 J52 I3 A8 Al B 52 88, SRS, [ B AT B A A fy 00
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Source Detector
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Fig.2 The banana-shaped light propagation envelop
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Fig.3 The PPG waveforms in normal and response situation
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Fig.4 The PPG waveforms in normal situation of reflective PPG signal sensor
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Fig.5 The PPG waveforms in different stress situation
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Table 1 Physiological measurement

R LA

Measure S X () (Easy #E %) S X [7) (Hard 3 %)
985K 17T (Baseline) AR A W 5 YA T (Baseline) PR A AR 5
SVRI(&;Hﬁ) 0.9104+0.087 0.967+0.066 0.9324+0.073 0.924+0.046 0.933+0.051 0.9474+0.066
sysBP 108.3+7.4 116.8+13.2 108.3+10.0 106.2+5.9 112.2+7.2 109.8+5.7
diaBP 67.0+£9.1 74.9+12.9 67.1+£10.4 65.9+£9.9 72.8+10.1 66.9+8.0
HR 68.0+7.6 77.3+3.1 72.1+£5.6 67.8+2.5 75.24+3.2 67.9+5.1

3 AE AN [7) A B LA R AN [ I 300 58
%2 WoR TANFAAE BN AR p 1 FAES 7° (. 1% 2 AT LUE HL3E p 139/ T 0.05, R W FEREAN L5
U3 (0] BT A 1) AR B 5 #1182 P 00, s VRIS &7 3K e v WSO8 s R 30 7 98 325 0 30 T 2 00 i i 1)
AR AR -~ etk A W e BT

Table 2 ANOVA testing results of Period effect
F 2 M By (Period) RN ) ANOVA Il &5 21

Measure Periods (p) Periods (F)
sVRIUZ A1) 0.028 5.246 BRI P DR T (Baseline) DURENN Wk )5
sysBP 0.003 11.093 0.932+0.073 0.924+0.046 0.933+0.051 0.947+0.066
diaBP 0.000 36.308 108.3+£10.0 106.2+5.9 112.2+£7.2 109.8+5.7
HR 0.001 16.567 67.1+10.4 65.94+9.9 72.8+10.1 66.9+8.0
Measure Periods 72.14£5.6 67.8+2.5 75.243.2 67.945.1

N T B UE S A% s BOIE AR, 4 3 o T I i AU 5 3 2 5 s VR ESdia (ox B AR 0 3L p>0.05, RIT 58 W13
A5 sVRI Bl A B 3 sVRT Hidis 2 A AE G2 22 5, IR S 5K PPG A% kst i LA B 51 5K PPG 1%
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Table 3 The comparison of reflective and transmission sVRI data

F3 R sVRI #dli 5iE 4 =0 sVRI s x) Lo

Wi HI8SF 5 df ¥ 5 F Sig. n*
R 76.718 1 76.718 2230.074 0.000 0.994
No 0.014 1 0.014 0.396 0.539 0.027
R 0.482 14 0.034

AR 3 O A ) OB ARG 8 ) A DA T S

R4 8RR B I SR S T sVRIASTINE A0S BE.L 13 4 F B vl DAt , 3 B3] B AR [+
IS SUT A AR A T L, S XA S s A A 2 Bz S A b 22 SN B0 T St A Ja s b oz 3 U JE s A
feln AR A I, P PR B0 E T ) IR G2 ] T B T 2 B 2%, [ I I B T S A A e s 10 i V.

Wl 6 F o, Fh S R XA J 8 RS S A% S SR AR 1) PPG 1% 575 31 1) sVRI A 32 B Wl A DX Th) (1 2032 T 502,
AT A3 A PRI B AR — P2 T o — 5 U U5 1 i — B 2 B T, i S S AR S s A5 20K s VR
SEREMER . RO ST K0 BEAR AL

Table 4 The comparison of reflective and transmission standard deviation
F4 S 0 I AR R bR v 2 0 HE
SBB B P R UE 22 (%) B KA I 1] () BRI 1Y
sVRI(J i 30) Yes 6.93 1 Pulse
SVRIGE #f 20) Yes 9.88 1 Pulse

MEASURE_1 {4 12 bRy 8

No
1
/\\ —2
0.9600 : \
/ \
/ \\
= / \
&y 0.9400 / \
L / N\
?’S\) / 2 ®
e / 4
0.9200 /
// //
d /
Y,
0.9000 +
1 2 3
Period

Fig.6 The value distribution of reflective (Group 1, blue) and transmission (Group 2, green) sVRI data
K6 St al(Group 1 2k)F1i%E i X (Group 2 4% 4k)s VRI i 76 45 Il 4t [X. 8] [ HAE 4 Aii F&]
2.3 RENA:RREE
T A IR S0 B 4518 S T e S oA B ) P AT P DA R 500 1 T 1 5 5 A SRl 0 i o5, AT AR T 22
Jii B At A S s I HIAE PR b P AR AR AR (g S Sf A SR 8 T N LE A Y AR PR KRR AL et T KRR A
AR R F) K A A TS 56 P A B (AU R S v R BRI USB A HE B KA A T B AR R
FE7 18T ) AL ) A
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3 HRE

ARSI L 5N sVRI AR R L5925 K5 B A% St B 0B 5 A% TR s B AT 1 o6F BEI6AIE 17 e S oA ekt
FR AT AT P ) I S0 EE T AN [RI K ) St A% B (1 PPG T BOR, B GO A LA L0 B 20 A HAT S
(IR RE P, 52 P15 DR 3% 1R 5 Wiy S /N S0 B J 4 HE 1K 5 S A S e I P - B b ) BEAEL g S 36 45 18 W T A g
B AR T N4 5 A R AL 0 B, A S A R R R i 55t
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