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Abstract This paper presents the temperature dependence of transmission-type and reflection-type
PPG measurement devices that have been developed in the previous research. PPG signal can be
distorted by external temperature such as skin temperature so that many of research was focused
on the skin temperature effect. However, this paper focuses on the temperature of the device itself
and we studied on the effect of device internal temperature. Experimental results showed that the
temperature was increased like an irrational function graph and the transmission-type was not
affected by the internal temperature but the reflection-type was affected by the internal
temperature.

Key Words : Heart Rate, Microcontroller, Photoplethysmograph, Pulse Oximeter, Temperature
1. KHE ATE Ssioln A B 25o] 1sTe o
A

A L Qlzio] Aobb] 919 W4 4% o)

Holof o) alE SHUORM AT HHE R Qi o o me aw ol Baie st
U =70 6 ‘o= U
o1&} £= it} o3} Aluk4=o] Ml ECG(Electroc

1A} st
ardiogram) T+ PPG(Photoplethysmography)& 7129 A= AlA9] 2% Walof ule} wslol= P
59 &1k 4= 9lo PPG= Aul-E{low-cost)d 3 PGE Atahg] WEslo] itk Tt 2 Aol
3 7142 A8 4 9lor 135 (non-invasiv . ‘ .

£ PPGE &%ok= AA|7}F BIEA| [C(Integrated Cir
cuit)?t MCU(Micro Controller Unit) T+ CPU(Ce
ntral Processing Unit)E AR&sal 0|23t AR &2
A4S gFo] F7tekal ARRElE S5 Sukprt ol

) 2] 7hsap7] o] Yol A8 ek ¥ =
£0] A AN olefat wAA 24o] Tist
£2A74 geje] 279 PPG 24 AAE s

The present research has been conducted by the Research Grant of Seoil University in 2019.
“Corresponding Author : Department of Computer Application & Electronics, Seoil University (kns@seo
il.ac.kr)

Received June 05, 2019 Revised June 17, 2019 Accepted June 24, 2019



5 257 F7RITH= AR Ztsto] %’ﬁ A9
L2 ¥glof] gE PPG &4 dlolE 9] |
I BAsH

2. &3 g

M eo] £ o] w2 ppG A5 Fakol T
W2 A7} o]FoA gkow ol AohH that
Zt}. Sagaidachnyi 2 3‘:53 Y £3l0] mE i
Lo JHIAIE Aorlal A AAITHdelay)ol o
A8 FatATH3]. Sagaidachnyis 3
(41510014 Fab= B4 9 2of gigt g9 54
Tt o wE 2Logt F3kste] A6ier] of
of o2 oF 2o tigt sk & 5= ¢lglt). Tingt
ing 9] 3982 9% 2= Wslol tigt PPG 4159 ¥
o]Oﬂ tiste] wASIAT LEHMs}T PPG A58} 7H
ke A& FRIHATHe). 18y 2= ¥s)

my

£y

F
M

F-lﬂ R

9lo.
9] Rl thstels AFE A oPOH-,p— oL
71 9I9ith Cooke 9] 39-L L59F FH 520
3 AHAR] A5 FYSIAHT). T zz}x}— o

Ao a5} ojahao] _Tl_iet‘l_ 2=3451917] IIH-,—OH PPGO]|
_‘:_r'_

A &4 BAE ’}—274]@

Zth. Salam 9] 7782 Ak % ]

UEHo] 7Fs% S5 AlAES /ESIRIoHs]. 1
2t AJAE Fijdo] Qo] 25 ®Slo] thet A
9 olof] thgt 12 =357l Uttt Maeda 9] 21
L green lightZ 083t PPG A|AES sty 11
Zotglon] 2 wslo] thet F4E RIS
JEg 2% #Ha} 1029 45 F 7] xRS 1
Aotga FA% Hste] 2&vhe 1Al wiEo]
A A Lk wsel e A2 25k wsto] et
dHhe & 4 SIH 11 9ol B 2% ®glo) bigt
PPG A12.9] Ao tieh =zo] & 101
1[12] 2EAo 7 &A= A9 & HslE 71X
2371 wiizell &4 g9l 2= walo] tigk At

zaghe & & 3t

o e oes
ol QE _.14 J,]. p=3

>||

PPG =X HXINY 2% Izl st a1 307
3. PPG 5% HF|9 2F A%
3.1 AR Endo| 2 JR

H];‘d%x% AHEA _f_ oﬂ A]-_Q_QL PPG 7-;(4 ZT—;(]

\=0 =R =T

ut

£ 13} go] o] St gefo] upe} iAlga =
Hgow TEY 4 Ik

Interface
J "

High PPG Measurement
Temperature Device

(@

High

Temperature \

V4

LED

Interface
i

PPG Measurement
Device

(b)
T3 1. EAR Rl 2R (a) HARY (b) S
Fig. 1. Temperature effect (a) Reflection-Type (b)

Transmission—-Type

ET2Ql ZHo|A TS B WA A WS
Abshe A9t Ble woksole A7t et vF
of H5H7] wiize] 2&Alelz QIgk PPG HloE 2
A w7t Bagol vle] ot Ry A9 42
AbSh= A 9] 5o} Bl Wholso = ]9 3 E7}
T27] ool T 2Lt 2o 4159 7Ho]
Ue 5= o HHO & Aol= AA| gkl AlA A
Aol o] 24| 937 thizo] FAY] ez QI A
A PPGY] 19| ®dk= A9 gitkal & & Slrh

32 DR WEYI AN 2F 5
diok o3 27} s vsol Lug ws)



SRSV IEstE=2A H123 HM3=

308

A7 4 Gl 8910 o) % Hsb wAE A9 P
PGALS] QAL WAIE 4 SIek. 1% 1] Uehd vt
o} o] 27 X o] MCUS] kil o L
HS7} AE A9 ZREsb el g wiAge)
A9 259 G APAOR W Hx)e xEus}
25 W A DolAYE FUFA H9 A
2 W] JPS WA %3S L 5 Uk webd
A9 T B WAge] A9 L] e
HETHE 28 @ 4 9101} B Rl o2 A1
Aoz FIskT THSTA T

33 2 g% 24 WY

2E JFE BAoP] ol 58 FHE 0Ty w2
2E 2 A5 & MCUZF 2ks3tol whet Bisks= 2

o] tiste] A HE0E PPGE &7sto] H|
A5k S ARSsit

PPG A= 415 ZANEe R A& ol 0|7
ool 19 29 Zo] PPG A3 E U1fo}<r1 2T
317} PPGAISO] ofWgt JFE v|X=7te BAT ¢

e

ATt PPG 4SS 27 PR 3% Bt et 24
o] 7ks517] Wiizoll & =wollAls 23 nliY] ks
ARG,

PPG Signal 1st Derivative 2nd Derivative
O 2. PPG A&Qt 1,2t O)2
Fig. 2. 1st and 2nd derivative of PPG signal

TRk ZhZo] ZetE| o] Sl PPG ASE WET 7

S A5 ghToz s e BN U 4 etk 1}

24 GEE ARg3lo] 2L Qoo 3 & =Fo]
M ol 2Al9} 7o u]l:]oi IE(median filter)S
B3Il 4 A7 S

Y, = Median (J;)for i=0,1,2....,n— 1 (1)
Ji = {)(ifr'l’)(z77‘I+I’K*Xli—l;)(1;)(i+11[(;)(1'-%—7‘771;)(1'-%—77'}

(2)

o714, & 849 5 YEhH r/ TEY left
rank, rr& ZEY right rankS UeRA left rank
£ ol gE AXES el B8 H& 949 5
UeRH right ranks= AXES I3t 9= 949 &
Vet 2 =RolAEs 39 32 AR8okgit

4, 48

=

x

—_

4.1 N
Al

A A T 33 ol 5 (117 =5 (20014
AQkeE 5 Ao WAk B3R PPG 27 XS A
g9tk

rik

T8 3. MBZ BT SIS PPG £ T
Fig. 3. Reflection and Transmission type devices for
measurement

MCU W5e] L& 242 498 24 42 71

§ el 1A o}y ST T AN el

FEelo] Z7hEe L& W] 2

} o} PPG Al L7} 1055E A28 5
doleh A12HG 7% %

_l[)l' oN' l:o

J5\~ O_>ll4

2 8 W9 Al ek PROAEE ¢
PPGE 5340] 49l Ao mRE 9150}%1 R
259 42 FLUKEARY] 62mini IR THERMOME
TER #o]A LE2471% A8ste] S4sist

42 A¥ an
421 A g
A 2LHE Azte] @2 MCU 53l 23t i



2EHSHE T9 4o YERRITE YR 2= YAt
A Wit Aojah= cﬂiﬂ]- ga] I9 49} go] g

2 Fej 2 Yehton] AeAtejolale] 24 Ax|o] =
8 WA o) o 2=E S A3 B g2
AIE A

B MR 2 22E o 20
Table 1. Temperature of components

PPG Device Temperature ()
MCU (MSP430FG4618) 29.0
RF Transceiver (CC2420) 30.2
Accelerometer (MMA7260) 28.8
UART (MAX232) 28.6
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Fig. 4. Internal temperature variation
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Fig. 5. PPG signal of reflection-type device
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Fig. 6. PPG signal of transmission-type device
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