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A Study on the Effects of Ambient Light on the Reflective PPG

Measurement Device using Infrared
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Abstract In this paper, we studied the effect of noise caused by ambient light on a reflective PPG
measurement device using infrared light. Noise caused by ambient light was examined by dividing it
into general situations and special situations. In the general situation, noise due to changes in time
and ambient light sources was randomly observed, and in the special situation, a halogen lamp was
used to observe the effect of noise variations. In the experiment, PPG signals were measured and
data acquired in real-time depending on each situation, and the measured data was analyzed in the
time domain and frequency domain. First, through a general situation experiments, it was visually
observed that noise increases with the brightness of ambient light, and through frequency analysis, it
was observed that the noise sources were white noise, power line noise, and internal noise of the
circuit. Futhermore, using a halogen lamp, we experimented with the change in noise depending on
the change in distance from the ambient light and calculated the SNR. As a result of the
experiment, an SNR of 3.2 dB was shown at a distance of 50 cm with an irradiance of 278.3 W/m".
It was observed that normal measurement was difficult at SNRs below that, and an irradiance of
27.7 W/m’ was obtained. It showed a value of 18.2 dB at a distance of 2 m, and it was observed
that normal PPG measurement was possible through a filter at values above that.

Key Words : Ambient Light, Noise, Photoplethysmography, Reflective PPG, SNR

1. M2 PPG(Photoplethysmography)= 19384l Alrick
B. Hertzman®| 375 Edi= T4 mop] gz
AREE AL QIEH1]. PPGs= Ho] v Faet o vz
The present research has been conducted by the Research Grant of Seoil University in 2023.

* Department of Computer Electronics, Seoil University (kns@seoil.ac.kr)
Received November 20, 2023 Revised November 27, 2023 Accepted December 02, 2023

N UrBOE AR BRY WAE 25T 4 Uk




9] /44 we} do] ﬂﬂﬂ—t— A= o]8e AeE,
A (DI 22 H]ﬂ-a}ﬂﬂ E $Z|(Beer-Lambert
Law)ol] whel do] mRE Fadt uf I79] o] W3t
sto 2 7R EE dlo] oS Jjmg FFT Aot

I=Ie™™" Ay =— .0y (1)
AA7IA, [ = Tae 29 B, [ = 98" 29 %
T, e 58, ce MY Bk, [= WE WolAY
H9] o]F AZE UEhdrH2I.

arg AuintEAy]et Bele ppG 24 A= o
QUAE St wff v R, i, g, 5 53 2
= AXA ==, AEEoE Qs TS Btk
70 55 HSIE QI3 Tt Ei= VAR WO A
AJolE F7ske AAlolH, TP} TR0 R &
e}, £33 gedo g &7tet 5o TEH(probe)

l-N >4v
» 9

)(l

E)
o} 2o 9 vl ARREH 1AE Aol 24
o] o|20jz]7] Wj&of F-(motion artifact)o]l <!

Oll

1, T2 H7} FHP(ambient ligh)S AshH= 9
e SF] W] FHFOR oIt 2ol ol 4
o JEg 52 AgSke B gAE 59 gt
(compress1on)i olg] &4 A3/ ek 4= 9]
T ZA7E QUoH3]. whEo] B A o
*JFH oA F7o] ol Foj7] wize] S5l IF
o] 8|t k97 Erhe & AFEo] QLT s}
2 Aol Z7o] o]RolAlA) k. wepd
-0 7 o] JgrS 1Ast WQAo] 9lom H L
AR A2 HolAL ALSE 24 AAE 1F
A4], FH ggol| et =7 Aol Aoz} 9
ol 2ietato] Tt &gollM S FAlo T
] X= ZS(noise)S Tl EA5I9IT

]

2, fo rlo rl
i ].rg

o L O

- rlr

A

e 2 ¢

>~l

2
=
H
B\
o
N

l{—%—f’: 2&1%«] gz Jf’i PG Jifl} Holks
AL, AMFS o] 83t 547
2y A94de o83t PPG A= HskE ﬁr’é’ro}L
Ate YA BAet =& [OloA= FHgoar
El9] ggoll tiet /iAol dste] A5k PPGAl

A PPG &8 HIOIMQl FHE

asof oyst o 407

0

57} ofd 7HH|EE ARRSE vPPG(video-based PPG)
o sto] TRV wzel & dAqtete AEAdol L
th =% [7loXe 8 AR PPG SARAE
TGO A g AMESHA] P T
= ARESIS7] ol AA| g} 3 Aolof| of
gk 1ol gisith
=& [8l9l4= FFT(Fast Fourier Transform)&
183t PPGAEY] Fuf AHERYS EAS9T
| =2elAe A SRk ARERT HARIe A
HEHS vWstP Fuig BAo] §-832 gRIg
T At} =7 PlolAe 2= AASHs T gk
A= F S AN oY g0 s ek 3
0] oPd FZol| =etsto] Atsisict. flolA AF
3t =EEE URo] E o FHPY AZ08 Qe A
9 o] Qs A2 & 5 St

O

o

—Ll

3. PPG 581 FHZ

Wt} digEs Fa2 54 A4 WE=RH ‘?4_'*"3}
5 A2 RERE Sclks oF 3o
o 4= 9Jom, Wi IS A Caizzoner7} %-_‘—‘._—
[10191A Shot, Thermal, Flicker, Quantization &
SO = FESIG, IF F2 FHET HFEoR
FE9 FFog & 4= ok wEhA S ZXE AA
Uo= 2E 41359 I718 vEt oFd EHYES AlE
Hog 7pgsto] 4] ()9 Zo] REHE = .
v(t)=vpt)+v,t)+v,(t)+ovg 2
oA71A, vp(t)7F $-E7F Yeke IR LEDZEE HhAb
B AzolH, v, (t)E WE B, vy (t)E FHgo
EQIFH S, vew HY G =RE HAR F2=
Epdlict. SHFCE Qg -2 I9 10 UEhd viet
2ol gt T2 A AR FAHA Hoh

(a) FHYo] 5HS B

(b) F93go] T WRAL

(o) FHYo| T AAx2ES B

(d) FHFo| & AA2ZES HhAt

Fj&l rr



N
o
(00)
o
Hi
o2}
HT
=
P
ofm
r=
~
>
J&"
Hn
Rl
é
>
T
>
>
fol

,' Reflected
/ Light

Direct Light

Data

A/D Conv

."l
Photodiode t_u IR LED

Transimpedance | Voltage
Amplifier ’ Amplifier

Quantization

Shot, Thermal, & Flicker Noise Noise

I8 1. SN FRlel B8 8

Fig. 1. Measurement and noise of reflective—type.
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Table 1. Light energy depending on distances.

A2lcm) | Irradiance (W/m®) | llluminance (lux)
50 278.3 34300
75 183.2 22600
100 120.4 16000
150 50.3 6470
200 27.7 3650
EHHEA 23.6 2880
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Table 2. Light energy of each random situation.

At Irradiance_ (W/m?*) [ llluminance (lux)
(1) 1.3 117

2 0.1 10

3 3.4 442

4) 1.8 257

(5) 142.4 17700
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Table 3. SNR of random situations.

e Average SNR[14] (dB)] RMS SNR (dB)
1) 38.8465 28.4731
) 51.5832 29.9840
(©)) 35.7662 27.9009
4) 28.1694 23.3231
(5) 13.8488 11.0762
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Table 4. SNR depending on distance variations.

2l(cm) |Average SNR[14] (dB)] RMS SNR (dB)

50 5.6500 3.1850

75 9.5371 7.2319

100 13.5055 11.6364

150 16.4158 14.8404

200 19.7739 18.2182
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