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2.1 Photo-Plethysmography(PPG)
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¥ 2.1. PPG A5 9 &§ EoF(John Allen, 2007)

S Clinical applications of PPG signal
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Heating

After-

Cooling

Variables

After

Before

After

Before

Before

Before

4.4+10.6

130.1+12.3

123.8+12.4

13.0£8.9

132.1+14.1

121.5+13.4

Systolic

Finometer

77.4+12.6 82.3+11.2 7.9+8.0 78.7+11.5 82.9+12.2 4.7+7.7

Diastolic

(mmHg)

119.2+10.9 1.5+7.2 122.5+9.5 120.1+9.2 -0.6+4.7

118.4+10.7

Systolic

Oscillometric

-2.8+7.8

80.545+12.3 73.3%12.2

-1.5+10.9

74.3t11.3

Diastolic 74.6+10.7

(mmHg)

20.8+4.3 -12.6+2.7 32.8+19 40.7+0.6

33.5%1.3

Left Temp

Temperature

1.2+£1.8

33.9+0.9

33.1£1.7

31.1£1.8

33.5%1.2

Right Temp

C)

48.6+0.4 24.0+0.3

24.9+0.7

13.6+0.6 -11.3+0.2

24.9+0.6

Chamber Temp
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e df(centra) ¥ AF FA E7Fol A Finomerters o] &3t ¢ & A
L7t =AY 259 dt(digital artery)o] A2 U@ AHRE A& 5 9
Ak, zelv, M2 A R 2EE WEAA 9% o 2% A55 AE5H4%

S ul, Model-53000< ©]&3le] &4 " dt(centra)> =3t 2 Jgk v

Mo
rfo
!
g
foh
K3

t}. A% FinomerterE o] $3led =4 " d<f(digital artery)

e W)

5o

-
¥O
P}

o

F E7 A SAE ZW 2% Wste] WE PPG A5 7 AL W=
Z7] 103 Fek, rest HHlolA f5¥ Hd £ 250X PPG AT 7 AREE

o
o
1
ot

o FFgS 12 3, ¥W 2% Wl uwg PPG 2359 7t HEES

(normalization) & %3l W] a3} 93}

Left
2y —o—DCPeak of the Left finger ~ _ ;¢
—=— DC Foot of the Left finger
22 ---0-- - AC Gap of the Left finger
2+ ey e %

18 |
- 18 F @
=4 =
r= et i E
=3 L =
g2 E
< 4L <
o [
O o8 | <

06

04 |

0.2

0 L . - iy . " P . PRI o
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Temperature (C)
Right
24 - —o—DCPeak of the Right finger  _ 15
—e— DC Foot of the Right finger
221 ---@---AC Gap of the Right finger | , ,

DC Amplitude
AC Amplitude

26 27 28 29 30 31 32 33 34 35 36
Temperature (C)

a9 44 59 2% Wtd wE PPG AT Wt
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42 4 A3odd 9F

b

sl =39 PPG A5 % LEof A4aA

DCFL DCPL ACGL
Variables = Correlation  Significant  Correlation  Significant  Correlation  Significant 1N
® ) & ) ® )
1 -0.947 0.000 -0.943 0.000 0.941 0.000 24
2 -0.701 0.001 -0.692 0.001 0.718 0.001 19
3 - 0.937 0.000 -0.938 0.000 0.872 0.000 18
4 - 0.810 0.000 -0.812 0.000 0.236 0.290 22
5 -0.711 0.000 -0.717 0.000 0.414 0.062 21
6 -0.634 0.001 - 0.594 0.002 0.694 0.000 25
n 7 -0.768 0.000 -0.712 0.000 0.894 0.000 20
g.. 8 -0.939 0.000 -0.945 0.000 0.720 0.000 23
g 9 - 0.980 0.000 -0.981 0.000 0.936 0.000 22
- 10 -0.973 0.000 -0.975 0.000 0.315 0.190 19
11 - 0.790 0.000 -0.793 0.000 0.689 0.000 23
12 -0.842 0.000 -0.838 0.000 0.817 0.000 26
13 - 0.946 0.000 -0.941 0.000 0.924 0.000 24
14 -0.937 0.000 -0.945 0.000 0.747 0.000 24
15 - 0.895 0.000 - 0.888 0.000 0.914 0.000 22
16 -0.943 0.000 -0.943 0.000 0.108 0.624 23
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X A3 4 AL E LEF &7 A 53 E PPG 459 2= A#AA
DCFR DCPR ACGR
Variables = Correlation  Significant  Correlation  Significant  Correlation  Significant N
®» » @ » & )
1 - 0.888 0.001 -0.887 0.001 0.898 0.001 7
2 - 1.000 0.014 - 1.000 0.019 0.979 0.000 3
3 - 0.603 0.205 - 0.597 0.210 0.804 0.004 5
4 - 0.988 0.000 -0.987 0.000 0.299 0.565 5
5 -0.912 0.031 -0.909 0.033 - 0.664 0.021 5
6 -0.970 0.030 -0.970 0.030 0.930 0.000 4
» 7 -0.967 0.164 -0.919 0.259 0.389 0.746 3
g_. 8 -0.229 0.771 -0.261 0.739 -0.202 0.798 4
g 9 -0.928 0.008 -0.933 0.007 0.836 0.001 6
o+
10 - 0.926 0.003 -0.927 0.003 0.921 0.000 7
11 - 0.846 0.154 -0.839 0.161 0.807 0.001 4
12 - 0.950 0.004 -0.948 0.004 0.902 0.000 5
13 -0.912 0.002 -0.912 0.002 0.829 0.001 8
14 -0.962 0.038 - 0.966 0.034 0.985 0.000 4
15 -0.967 0.033 -0.967 0.033 0.936 0.000 4
16 -0.951 0.000 -0.952 0.000 0.942 0.000 7
AH7AQ & Wete] Qs e A% FREY ofyg 2 EE E9 PPG 4l
T OES 4AE WSE S @ 4 AN A% Eheld 2RE PPG DO
Foot(DCFL), PPG DC Peak(DCPL), &% <&71gdA ZAE PPG DC
Foot(DCFR)¢+ PPG DC Peak(DCPR) 5% 2%=7F F7hghe] wel 7§90

ol 9 9iA T

2 59 AHAel ey, A% &7t A A% PPG AC Gap(ACGL)¢ 2 &

% E7rge A SA4 % PPG

AC Gap(ACGR)= 0.684+0.261, 0.672+0.464(Mean+SD)

At

3l o

—

=
T

_39_

1k -0.854£0.109, -0.850+0.118, -0.880+0.191, -0.877+0.183(Mean+SD)
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o 2xe mE AddA 54 43

o
bt
N

}=ol 93] Finometer® o] 43lo] A== 7 dolge Wi %7 10

ME

Eok restd oA E5E W BW 2o ZF HolH o HEgs 12 st

I, 3H 25 Wzl & 7 vlolEl+= At S (normalization) & &3 ¥ w3} G}
¥ 45% EE A AAT 2083 &7k IF xv Ex Wt mas
Zb vlol® Wshke] W A A3E uvEkd Aotk
Heart Rate (HR) Total Peripheral Resistance (TPR)

Amplitude

0.6 06 b
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 19 40 41 42 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

Temperature (T) Temperature (T)

Stroke Volume (SV) Cardiac Output (CO)

Amplitude
Amplitude

~+-CO

1516 17 18 1920 21 22 23 24 26 26 27 28 29 30 31 32 30 34 35 36 37 38 39 40 41 42 1516 17 1819 20 21 22 23 24 26 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Temperature () Temperature (C)

a9 45, 9% T4 E7Fetel A Finometers ol &3t A€ 4Ad

Al

[

3

i

Heart Rate(HR), Stroke Volume(SV), Cardiac Output(CO)< <£71g 93

=1

W 2Lt St wE {93 wWaEs Foad 4 ¢l oen Total Peripheral

2
Resistance(TPR)= @43 ZAasts d4d2 AT 5 A
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F44E 9% &Uhe 9 g9 ek Wl w2t 74 A9y HR, SV,
CO¢ TPRO A4S vebdt.
¥ 4474 A¥gdd 2% ¥ e HR, SV, CO, TPRY 4 #A4
HR SV CO TPR
Variables Correlation Significant Correlation Significant Correlation Significant Correlation Significant N
(R) (P) (R) (P) (R) (P) (R) (P)
1 0.272 0.198 -0.117 0.585 0.048 0.825 - 0.466 0.022 24
2 0.593 0.007 - 0.806 0.000 0.736 0.000 -0.654 0.002 19
3 -0.213 0.396 - 0.099 0.696 -0.172 0.495 - 0.504 0.033 18
4 - 0.637 0.001 - 0.521 0.013 0.701 0.000 -0.770 0.000 22
5 0.752 0.000 0.110 0.636 0.645 0.002 - 0.904 0.000 21
6 0.514 0.009 -0.120 0.569 0.382 0.060 - 0.800 0.000 25
n 7 0.673 0.001 0.634 0.003 0.768 0.000 -0.849 0.000 20
g.. 8 0.368 0.084 0.288 0.183 0.427 0.042 - 0.809 0.000 23
§- 9 -0.070 0.755 0.597 0.003 0.408 0.060 -0.629 0.002 22
- 10 0.804 0.000 0.444 0.057 0.856 0.000 - 0.758 0.000 19
11 0.840 0.000 - 0.488 0.018 0.107 0.626 -0.443 0.034 23
12 0.791 0.000 -0.331 0.099 0.632 0.001 -0.878 0.000 26
13 -0.466 0.022 0.813 0.000 0.566 0.004 -0.812 0.000 24
14 -0.759 0.000 0.496 0.014 0.152 0.477 - 0.630 0.001 24
15 -0.209 0.350 0.349 0.111 0.251 0.260 - 0.760 0.000 22
16 0.256 0.239 - 0.769 0.000 -0.384 0.071 -0.754 0.000 23
HR, SVe COE &7le 9% mw £xsp waged we 27 494
0.232+0.528, -0.006+0.519, 0.194+ 0.476(Mean+*SD)Z ol =+ &Aoo e
A oekgka 74 AgAd FaAe] Aole YA TPRE -0.714£04032 &9 7
Aol Feld = AU
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4.4 A23A 5S4} PPG Az AaA

hya
ar

4.5
2 ebdh,

FIF

<% ¥sle] wel wWstE PPG A& 9 HR, SV, CO9 TPR “F#4

E 45. 7 4@ 94¥E PPG 4359 HR, SV, CO, TPRY &4 (MeantSD)

N=16
Variables HR SV HR+SV CO TPR DCPL ACGL
Correlation 1
(2)
HR
Significant
(V]
Correlation -0.228 1
(2 +0.234
SV
Significant 0.447
P +0.322
HR Correlation 0.455 0.723 1
(A7) +0.201 +0.259
£

Significant 0.150 0.073

5V (P +0.198 +0.235

Correlation 0.424 0.738 0.992 1

co (72) +0.207 +0.253 +0.010**

Significant 0.183 0.065 0.000

(P +0.215 +0.232 +0.000**

Correlation -0.725 -0.633 -0.762 -0.769 1

(72) +(.389 +0.356 +(.222 +0.223

TPR

Significant 0.001 0.050 0.002 0.002

(P) +0.034** +0.126 +£0.023**  £0.234**

Correlation 0.142 -0.140 -0.571 -0.646 0.522 1

(A7) +0.338 +0.419 +0.204 +0.159 +0.168

DCPL

Significant 0.334 0.203 0.016 0.009 0.029

() +0.333 0.2 +0.132 +£0.017** +0.053

Correlation 0.260 0.247 0.462 0.475 -0.782 -0.780 1

(72) +0.245 +(0.345 +(.368 +0.363 +0.099 +0.106

ACGL

Significant 0.414 0.250 0.053 0.039 0.003 0.008

(P +0.364 +0.253 +0.184 +0.161 £0.062**  £0.002**

g E p<o0l FEANA KO A5 RA

F 4594 B 4 %o ZtzZt =4 " HR, SVE AAE CO¥ Finometerdl A]

S48 COx 0992£0.01(Mean+SD) =2 ¥4 &dF 4+ stk DCPLE A
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34 EA T COY 71H =& -0.64610.159(MeantSD) A#-Al o] YEeyow |
ACGLS TPR¥ 714 =<2  -0.782+0.099(Mean*SD) A#Al & &l 4 9lAt}.
H| 2 &% 2o 93] W3 % normalization Hlo]EH 59 AadA EX oA % PPG

Az AEsel e AdaAd 7t 7hsd e &2 5+ Utk
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(29)
(30)

P,(t)

R Thermal + RP

+

dt

+2,Q4(t)+ Pp(t)
dPp(t)

dQ, (t)
dt
Q4 (t)= Cp

Lp

T

-
ol

e

B

)

Pp

(31)
(32)

(32)2 e

Py(t)

P~
=

Py(t)

(RThermaZ + RP)LPCP

()

ZQ + RTh(ﬁ'rm(Ll + RP
RThe'r'm al + RP

+

p

P

dt

) dPp(t)

%
Lp

Qp(t) =

(30)=

F4 GBS Zol AT F

1

+
(RThermaZ + RP) CP

2~
=
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T 2]
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ABSTRACT

Estimation Using Vascular Model Concerned For Skin

Surface Temperate

Photoplethysmography (PPG) is observed from peripheral arterial that can
provide physiological and pathological information about the circulation of
cardiovascular system and peripheral vessels. PPG is an optical technique that
can be used to non-invasively observe changes in blood flow. A PPG signal
indirectly measures the change in blood flow through aspects such as scattering,
absorption, reflection, transmission, and fluorescence using the optical sensor and

the photodetector with electrical DC voltage.

Although PPG signals measured in the peripheral arteriole have generally been
known to reflect cardiovascular conditions, indirectly through measurement
aspects such as fluorescence, permeation, reflection, and diffusion using optical
sensors and optical detectors, or optical interaction of the light source, they are

affected by external factors.

However, this study is to compare and analyse diverse changes in the PPG
signal and cardiovascular parameters (cardiac output, stroke volume, heart rate,
and total peripheral resistance) in relation to the changes in skin surface
temperature from the measurement area, the air temperature in the chamber was
controlled. After that, physiological changes of the subjects were induced using
changes in the skin surface temperature of the exposed areas. Evaluation was

made by the direct comparison of experiment results and new vascular model.
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PPG signals changing in accordance with the finger skin surface temperature
changes. It could be seen that the PPG signals of the right hand is similar to that

of the left hand which was directly affected by temperature changes.

Left foot of DC(LFDC), Left peak of DC(LPDC), Right foot of DC(RFDC) and
Right peak of DC(RPDC) all had differences in individual correlation with the
increase in temperature, but with the figures -0.854+£0.109, -0.850%0.118,
-0.880+0.191, -0.877£0.183(Mean*SD) negative correlations were revealed, and
Left gap of AC(LGAC) and Right gap of ACRGAC) with 0.684+0.261,

0.672+0.464(Mean+SD) showed positive correlations.

Heart Rate (HR), Stroke Volume (SV), and Cardiac Output (CO) showed slight
increases with the rise in finger skin surface temperature, and considerable
reduction was seen in the Total Peripheral Resistance (TPR). The results of
correlation between the cardiovascular characteristic parameters and the
components of PPG signal , show the possibility indirectly to estimate that PPG
DC reflects blood volume, and PPG AC reflects vascular compliance and
resistance. This study has been verified by using new vascular model concerned

for skin surface temperature.

Keywords : Photo-Plethysmography, DC component, AC component, Skin
surface temperature, Blood volume, Blood pressure, Cardiovascular system,

Vascular model, Temperature chamber
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