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Abstract The paper is a study to develop and verify a blood glucose level prediction model based
on biosignals obtained from photoplethysmography (PPG) sensors, ICT technology and data. Blood
glucose prediction used the MLP architecture of machine learning. The input layer of the machine
learning model consists of 10 input nodes and 5 hidden layers: heart rate, heart rate variability,
age, gender, VLF, LF, HF, SDNN, RMSSD, and PNN50. The results of the predictive model are
MSE=0.0724, MAE=1.1022 and RMSE=1.0285, and the coefficient of determination (R? is 0.9985.
A blood glucose prediction model using bio-signal data collected from digital devices and
machine learning was established and verified. If research to standardize and increase accuracy
of machine learning datasets for various digital devices continues, it could be an alternative
method for individual blood glucose management.
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Table 1. PPG Specifications
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Fig. 2. photoplethysmography(PPG)
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Table 2. Blood glucose meter specifications[10]

Attribute attribute value

EN ISO 15197:2015 & ISO

ISO Compliance 151972013

Method electrochemical

Sample size 0.5uL

Blood Sample Types Capillary, venous

Measurement range 20-600 mg/mL

Attribute ‘ Characteristics

IR LED (ILED = 20mA, TA = +25°C)

LED Peak Wavelength 870 880 900nm

Measurement time 5 Seconds

Memory capacity Memory can store 1000 tests

Haematocrit range 15-65%

Full Width at Half Max 30nm battery 3V lithium battery, 2pcs

Foward Voltage 1.4V (Model: CR2032)

Radiant Power 6.5mW Display LCD

RED LED (ILED = 20mA, TA = +25°C) size BT xlomm

LED Peak Wavelength 650 660 670nm

Full Width at Half Max 20nm weight Approximately 51.5 g (with batteries)
Foward Voltage 2.1V

Radiant Power 9.8mW 333 E éﬂ:”

Photodector

Spectral Range of Sensitivity | 600 900nm WiFi 541 332 ipTIME A3008-MU 248 Al83510]
Radiant Sensitive Area 1.36mm2 FAEloH, B3 TCP/IP B4l T2 EE2 A8519ich

Dimensions of Radiant

Sensitive Area 1.38mm x 0.98mm

RF Interface Type IEEE802.11 b/g/n/e/i(Wi-Fi)

Operating Voltage DC 3.7V

output rate 1 Hz
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Table 3. Computing system specifications

Type Specifications
Intel(R) Core(TM) i9-9900K
i 3.60GHz
RAM 32GB
(6] Windows 10 Pro. 21H2. 64bit
RDBMS MySQL 6.4
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Fig. 3. Data collection diagram

Computing

AT oAkl 2HAstaL, FgE AJEiolA
PPG7I71E 3% 5 &2 do] §lo] L8&E0% 7P
A FAZIL e’ PPG HAE77 = BAM= Eﬂol
ElE A AlA Hlolg o] gmd olF
A AEER7IE ol8ot &8 L-_r“‘ﬂ*ou}

7 AW Pkl FYHAE B, 1S ser

3.4.2 HRVY| AlZtSS gk
g3 diEnd g2 s PPG HAIE7]7]1A A
I=(HR), AJEp#Ho| =(HRV), VLF, LF ¥ HF ZE7}S
HEoh, 18 a HRV gollA AlitEl= AIZtg S o]
2l SDNN, RMSSD, PNN50 #t& Atste] 7| Agks
o 49 ez Lttt

Lm-b_ﬂi

3.5 MUY

PPG HAE 717|914 38 JE= SPSS(Ver. 23)
= ARESto] Hloly SAI AHEAE AAISHSH. 7]
AL gz gugEe Python(Ver 3.8)%
Tensorflows AHEst] ANN ¢12|&E ok
AF83t glo] B 28] Keras, Pandas, Matplothb 5°]
o}, &3 A= AABG7IR 54T YA Ho
B¢} B|w5}] L Clarke Error Grid Analysiss AR
sko] AJZtsteit.

3.5.1 HIO|H ME

= Hlo[EAlolA thze] 9= HlolEE AlASIIH:

* oA AE 1 PPG HAIE7]7]9] o)A = AESH
L AASHAT. Ak go] 0°]w A AskH.

< SEG A ALHE BAAZY L2 HlolE
FEo| Uehg & ot SEHolE= 1719 Hlo]
E']E’l' ﬁ‘g"]‘y\qi

352 05 XE

39 A5 A= AA g3 3 S5 Aol
7Rt 39 Ao A8H B A AHMAE,
Mean Absolute Error), B4 Al 2XHMSE, Mean
Squared Error), B AlEZ 2XHRMSE, Root Mean
Square Error)e Ztol ZF&4E dE gt AA gk
Zpo)7} QlaL, A& dsol ottt AT 4 QL
(11]. ¥FH ZAAS( R)= 10 2T 2ol Hbo] %
Foie}. o &SRR MSES ARSI



PPGet 7|75tES &85 Y+l 05 37 65

o

3.5.3 Clarke error grid
Clarke Error Gride YAPEEE HARH] 93t
WixmkE Z=to|tk. 19874 Clarke7]' AAIE “error
grid & 71718 &9 4¢3 9 2271719 €9
$:2)9F Prgsto] HAGE eaolch(Fig.6)[12]. ==
57H 2% 99(zone A B, C, D, Ho& FEHT gho]
9 A = 99 Boll 212HW Beckman #4710 ot
——‘riaéﬂ"} et x=g A &S neith

400F
ssof
320}
280}
240}
200
1sof
120
sof
aof

SBCM DETERMINED BG

20 60 100 140 180 220 260 300 400
REFERENCE BG

Fig. 6. Clarke error gird

PPG biometric data

Collection Al machine learning

model design

Data preprocessing |
L 4

Create Training and

Blood glucose meter
Data Collection

PPG data collection

h Test dataset
(Three minutes)

¥ Trial and emor

repeat
Data Preprocessing
No
ki
Data Fitting Yes

h 4

Al machine learning
model caleulation

h J
machine leaming
blood glucose
prediction value

Al prediction model
validation

Blood glucose meter
value

Fig. 7. Blood glucose prediction model

3.6 GI=2E JHet

dzrde ppG tiXEr]7]9 = go|get 714
314 dedog gt 23|12 o235t dold) o=
g Jjdho] g o3st golgs AYUAF 7094 EES
glolEe Ad 3ARAL o]&slo] mUlsL),

A% I AR WAL B2 dolEse £
3i= Aolt}. d)% dae|Eo] 8d HolEE PPG o
A€7]7]12 o]&s}la] AFEko] AR (AEks Aluhd o]
%, VIF, LF. HP)E 3)Estc}, 787 QAMEE ol
E971E AHgstel U pAE SUSIAE. A%HC
=3 29 98] Az Holg Ao /A
Had éiﬂ”’ ragslr g9y & ng 1
Ao A E miotsly] Yol A7kl AMEE do]
B & g5 Bl F56t3thFig. 7).

4. H7EL Y DF

4.1 HoH 24

4.1.1 ARLEX E4

g A 1d /ES 93t PPG dlole =y i
A= 10ellA 70H02) 7078 0let. PPG Elofe =3
Aol 7 HHEE (Table 5y°|th.

Table 5. PPG data age distribution

Age Male Female
Group (n=46) (n=24) M SD
10 3 0
20 26 14
30 6 8
32.58 11.22

40 3 0
50 8 1

70 0 1

4.1.2 40| T7t

PPG &4 HloJE9] o4& A5sHith Wilconxon
signed rank test ¥4 ZA3k= Table 63+ 2t S
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Table 6. Statistical analysis result

~T2DM +T2DM
variable (M+SD) (M£SD) Value
(n=3498) (n=862)
HR 7816 + 1064 | 7671+ 1322 | <000
HRV 371149417 | 768 £ 10064 | <000
SDNN 52.83 + 4.60 5363517 | <000
RMSSD 72014766 | 77531022 | <.000
PNN50 0.51 £ 071 083£007 | <000
139345 + 1032.95 +
VLF 3615.79 1159.00 | <000
577444 + 670036 +
LF 11958.65 791536 | <000
21358.86 2864889 +
HF 51834.46 4784327 | <000
BG 106 + 11 161£39 | 000

gAE7]7]0)4 5= golHE EAFoz AHAf
(-T2DM)¥} BHZ(+T2DM) F 18 7] B Ao
o] BNt Ave FAT IR IF 749 HR,
HRV, VLE, LF, HF, SDNN, RMSSD, PNN50 2 &
93t Zol( p <.000)7F YAUTH.

4.1.3 BHrE JEEA 7t

PPG HAE7I7IE S8 =4d HloleAle] M 2t
zjoje JAPAIE EAot e, dite (Table 7)3
.

Table 7. Correlation matrix (n=4,360)

HR HRV | VLF LF HF Gen. | Age | BG

HR 1

HRV | 059" | 1

VLF | 062" | -.022| 1

LF | 1307 |-.042"| 937" | 1

HF | 211" |-.043"| 596" | .786" 1

Gen. | .002 |-0.90"[-.123"|-.032"| .011 1

Age |-.087"| 058" [-.129"|-.134"[-.162"|-.049"| 1

BG | 228" |-134"| 019 | 141" | 141" | 030" 182" 1

*P{0.06 **P<0.01

*HR(Heart Rate)

*HRV(Heart Rate Variability)
*VLF(Very Low Frequency Band)
*LF(Low Frequency Band)
*HF(High Frequency Band)
*Gen.(Gender)

*BG(Blood Glucose)

Table 72 PPGOIA 3 == S0 st ATy

dHoltt. PPG WIS ZH] AIALE HAFHoZ
0.9379014 -0.1620]H, o422 X.01 B X.05
oA EARCR HZHT}

42 EY 52 AA

A AESEde sk Ag 39 Ll 71Ag}
& "eld AFHANN)E ol&sto] Hdg 85130t

tlolel Al PPG HAE7|7]°A 53t HR, HRV,
VLF, LF, HFS}F Q1883704 4% g9 4 ¢
vpolel i ehllgsto], JHFLEFo 2 ARG
o}, &3k SDNN, RMSSD, PNN50 3 z+2 HRV
oA AZ+9 Y e kot dlolHE HR ) 0 o4l
7359t Aestar, UA] B9= AASHH. Holg Al
2 583 A58z BeEy sk5a= gojgle]
75%% A7gst9lct. dlolEE scaling WS 285t
A& FYLE ol Aol HLHrt,

q&E At 7|ASGS A Eskgof digh 2 4=
dad AdZAALel MLPE &85t thFig. 8).

Input Layer

Hidden Layer
Layer2 ...

Output Layer
Layer n-1

" 1 node

s ¥Ed
A& FXE HAok= 119 £8508 9. 9
o= E58 BARE 9 ALtE 852 10709 2hd
PFH HEE Aol 9852 4%
5129 »=E7} Qe 24&E Hgdr)

(@)
S
—_
I§)
oo
)
W
o



PPGet 7|75lES &8% Y+l OE A7 67

4.3.2 Si0|HI2t|E HF

714 9 AESZEoA stolm vy A3
A2 F83F mEAAom, wTEmlE HHEHE=
TensorFlow?] keras H&2 9 2to]E & 2o AR&-5}%
t}. Table 8= 7|AISks MLP ol7|gl4 8 of& 1t
o] 285 stolmuietu|e gro|th.

Table 8. Hyperparameters

Property Method
Weight Initialization normal
Activation Functions relu, linear
Optimiaziton(updater) adam
Backporpagation True

Backpropagation Method Mini-batch, gradient descent

Mini-batch 64
Loss Function mse
Regularization true

Number of epochs 60
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Table 9. Performance evaluation result in Machine
Learning
5 times Average
number of
hidden layers
MAE MSE RMSE R?
Training 0.8011 1.2567 1.9982
HL4
Valid 0.8171 1.3390 1.1329 0.9981
Training 0.7073 1.0218 0.9874
HL5
Valid 0.0724 1.1022 1.0285 0.9985
Training 0.7073 1.0100 0.9986
HL6
Valid 0.7240 1.1022 1.0285 0.9985
Training 0.8262 1.3591 1.1117
HL7
Valid 0.8398 1.4196 1.1385 0.9980
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