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(Characteristics in HRV (heart rate variability),
GSR(galvanic skin response) and skin temperature for
stress estimate)
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Abstract Stress is one of the major causes threatening the mental and physical health of
human today. In this paper, we analyzed the heart rate variability(HRV), galvanic skin
response(GSR), and skin temperature data measured from the university subjects before and after
the class to examine the influence on bio-signal in stress environment. Thirty subjects from
university students (aged between 21 and 27 years; mean=22.31, STD=1.45) took part in this
study. From the experiment results, RMSSD(p=0.033), LF peak(p=0.003), VLF(p=0.045) were
statistically significant from those of the control group(p<0.05) of HRV both in time and frequency
domain. We observed that mean skin conductivity after the class(mean=5.993(uS), SD=3.406) is
higher than that before the class(mean=3.039(uS), SD=2.628) by 97.2% on average and the skin
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Characteristics in HRV (heart rate variability), GSR(galvanic skin response) and skin temperature for stress estimate

temperature after the class(34.835+0.305) is slightly higher than that before the class(34.471+0.281)
by 1.055% on average. The results in this research could be used to examine the autonomic

response in clinical stress related research.
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(ECG: electrocardiogram)ell o 3F
(HRV: heart rate variability), 7|3
(GSR: galvanic skin response) % ¥ { &%= (ST:
skin temperature) =folo] thdt A So] =3
Hof $kth4-13]. olE dFodA = 2EHS FUt
A8l Ay AFES FEs= AEHA[4-8]
AFH A4l4, 9] 55 FTIES stdoH,
2~E ¥ 2~ (mental stress)oll 23+ n 7t
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olEE FAT A, Yol FAHE Ftel
LF(ow frequency)/HF(high frequency)< 9]
A YEls 3, HF= 9 A Yeld 235 A
[14-15].
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Fig. 1 Experiment set-up for Bio—signal

Acquisition
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Fig. 2 Real-time Acquisition Screen of
Bio-signal data
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(c) Electrical Circuit of
GSR measurement

(d) Skin temperature

measurement
Fig. 3 Experiment of Bio—signal measurement
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skin conductivity)E Z43st=
S P % (sweat gland activity)e] BFolH, A
719 Fukg-o] wsteE =9, sy ,
e ol o ~Ed 2~ 543 Ay o] gt
oA A= 107 St R AV AEE
olHE d537] sl HAAe FAl A7
Ag-AgCl A= (BiopacAt TSD203)& F3bsk 5
1 Vel AA( 10 uS(micro siemens)?] 7
B, AgdF957F 10 H29) A953ZEH, 4=
Fo5E 250 Hz 183 19 E3IdEE DCE

[
HAgstel RANAEES SHsgt,

Mo

Fig. 3(b)= #A7|¥{ s Agds 18 94d
AFo]l & fHAA 9} FA | AFES zhzE FF S
Ads FAS Yebd Aold. Fig. 3(c)+= #A7]
vREukg 325 Yetd ez AFHSY Us
T AT Alold I7MEH, AR = AE2 AF
H IHe A RS T3 s

Table 1 Statistical analysis for Stress estimation

gAI*

et

24 D F2TH3E

I

HoAgoA R LabView Al2~8/(NI
R211)s ol&ste] 47 AMES FI ST=AAR
AAE dolEHE 24U ER A/D WEso] 56}
Ak SA3 2 HGSFAMYAE £80 melH,
7t At FE@A AbolelE DC 15 Vel 1

S UEAY. EAAME gtelo]  dAY
(thermocouple) Bt o2 0~50C¢ =AWY=S
7AW, A BAste] 29 10 Hzel A EH
TR 108 st AF2E WIE S48
t}. <Fig. 3(d)>E Y 2=z s A7 9
g Aol 2E=AAE FFele] Aot FHS
ERA Flelt)

3. A&

B oApoe 2EdA FbE YA F4

Before the

After the

Variable class(n=30) class(n=30) p value
Demographic  Age 22.21+1.398 22.21+1.398 0.782
Mean RR (ms) 794.007+112.70 778.603+100.41 0.499”

STD RR (ms) 72.79+67.12 61.807+28.64 0.394

Time Mean HR (1/min) 78.11+12.41 78.89+10.04 0.6912
Domain STD HR 758+5.76 6.90+3.57 0.974'
RMSSD (STD) 64.36+64.02 49.94+44.34 0.033

NN50 (STD) 121.28+13.54 117.03+12.89 0.794"

pNN50 (STD) 17.317+11.74 16.02+11.00 0.642

VLF peak (Hz) 0.0036+0.003 0.0045+0.004 0.839"

LF peak (Hz) 0.091+0.090 0.093+0.075 0.218"

HF peak (Hz) 0.235+0.070 0.245+0.075 0.879"

VLF power (ms) 2873.55+940.29 1186.52+955.74 0.621"

Frequency LF power (ms’) 5073.41+208.56 1141.76+880.43 0.0025"
Domain HF power (ms’) 3951.28+158.14 983.83+1436.96 0.962"
LF/HF 2.27+1.84 2.10+1.50 0.586"

VLF (%) 36.36+13.15 41.19+15.08 0.045°

LF (%) 37.91+11.91 34.68+8.95 0.156

HF (%) 25.70+14.53 23.78+13.98 0.395”

GSR skin conductivity(uS) 3.037+2.67 5.993+3.463 0.0001"
Thermocouple Skin Temp.(C) 34.470+1.410 34.83+1.345 0.111°

*Wilcoxon Signed Rank test
Ppaired t-test
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(a) Wave form in skin conductivity of before
the class

Fig. 4 The wave form in GSR
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Fig. 5 Comparison of average in skin conductivity
of before and after the class
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Fig. 6 Comparison of average in skin temperature
of before and after the class
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Eo] HeE U= 1~13 (uS) ¥ e EAs Edsed duintd JFS vA=7tE FE5EH]
= Ao s yedd. <Fig. 4(a)>¢ <Fig. 4b)> &l Auk Holx A7|yiuts viers =
= FHd 108 Bt AAe R FA4e Y] Aot FHo g% 2EH AT AA NS v A
AEEE Yed Bloln, <Fig. 4b)>ollA F4 & 9FS 9oz sttt
grol Aoz AXE AL AAdFdA7E e A FHol 2EH 2z mA= e Fa AR
o7 R NANHE SR8 W2 Ao HolLe e dF HIuAE Bx o} uA
TAHEY <Fig. 5> 74 A7 T 9idry] 2 2Egsd we AHu wWolm dEhHE<l
AELE Hge vusk dajolrt, 4 deol 11 RMSSDS LF#o] #4stE Aoz Hiuxal 9l
BANAEE Fgh(m)e 3039:2.628 (uS)E T B A3 F¢lo] gl HAA e Ado] 9l
Ueldon $¢ Fo Z2AY IRAVAEE  E FYEE Z3 AHutwolxE nluwdk A3
Hrgh(e)L 2954 (uS)7F F7FE 5993+3406 M= ¢ F AFiEd sl wgh Ay WHol:
WS)= YERTh o= 74 9 fRAVIdE IedlEg RMSSDoF LE7F fHaehs 2oz g9l
T FGytghol £ AR 972% 9 FUHE AS ST agla FFEAE A5 Adbgwio] W
ojulstn], GSR ¥Hgo]l Ags FEE dWet 3E Hie Chung SY et all[l8] 59 A747
v AY 2se olyAY A4 TR 4R g% dAste= Aoz Flsdr. £ AT
of B3 #eo] dFS HAFEr STD RR& ZSAHAIZE Fete] Aul WolmE
Fig. 62 &% A3 $Fo 9L Jd#sS EHUlE ARZ STD RREAAE o8 2Ed 29
gk Axpolth ¢ de] 9E2x Hyrgh(m) g A FH Astel AEAAA AqA x
2 34471+0.281 (C)=2 Yegtem, ¢ Fd  d 58 3 v FAS ogugith 2 dF9
=49 v Hitgh(e)2 0364 (T)7F <5 STD RRol =A% A3 = T Alg 2354
gk 34.835+0.305 (C)= YERSTE Egh AR 3 {9 zpol7t A v A Auk Blojre] t)
AR SN E IR =4 dolge HA ¥ 2 AREC] wgaAAA] Frhe Fua e
A7F ZA et d5S A ol ¥ qAE Uk EFetn ASAAE S =4t
Fmrt F909 &5 =71 9 49z 9 &= Ve FEHorE 2dH AHE FASx
25 W3 vz wEpA W £ ogew,  deS yehdt
Az viey 1 \HAZE vl 2] wiEe] ~E A7) Hargol od AFAGANE £ F
A Aes Yetd F e 32 E ARHel o 4% IARAVAEEE £ Ao iR
A EEE Fdstd AEERT Hit 972% 713 Ao UEyte
2 oAGe £ A-F 2Eda vuadF 2 ), ole IREAVARE wrgol AYAd 1%
I, Adl Wol R AP 9 Fukg A E=of WS Aol eS HoFEr
o] 37k dEhHeel Al Frojst 58S 7HAS & 52w gl gt SAHAAE 94 A e
ekt 2ol A7 Rers AFdA= 9 diEd S8AATE AA dEve Al 919
Aol Hl& £ Fo =AHANI 972% Aolx L% AT FAFAe FRLE Wil WL
FAEANA AR ~EY~ TS Fa 9 wet AxE 2A Wsiste] g W ~
S UEd o, JRrens 2449 1.006% Edzo] A= g3 dgF Hyl JFoRE
Bk S7He2 2Ed 2o 9SS v A ZS  HIAsA EE Aoz AU
S yErd = g9l ATl A Aozl Alul Wolxe} IR A
Lxo) the A A= ~EY A #E gakd
N AgaAA L] WEE et ARE T
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