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Research on the construction method of non-invasive physiological
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Abstract: For various types of non-invasive physiological parameter detection technologies based on photoplethysmography ( PPG)
signals, a non-invasive detection and management system for human physiological parameters is constructed, which consists of a
hardware platform for wearable device and a software platform for data processing, analysis and model deployment. In this paper, based
on the basic principle of PPG detection, combined with the information required for the non-invasive physiological parameter detection
models, a set of wearable acquisition device is built for collecting multi-wavelength and multi-channel PPG signals from different
positions of the user’ s hand, and synchronously collecting body temperature and motion data, on the basis of which a data processing
and analysis application is constructed based on the wearable device as the deployment platform for the non-invasive physiological
parameter detection models, which realizes the processing and analysis of front-end data, and the users can realize their own health
management needs by combining the data management and health assessment functions provided by the software. The realized wearable
device can stably and effectively collect high-quality PPG signals, which provides a reliable data basis for the non-invasive physiological
parameter detection models. Taking the non-invasive glucose detection model as an example, the root mean square error of the overall
prediction result of the sample is 0. 888 mmol/L, and the percentage of Clark’ s error grid area A is 84. 086% , the test results show good

accuracy and followability, and the model is embedded in a software platform that can be used offline, which makes it easy for users to
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detect and manage their daily glucose levels. Users can easily collect and record PPG signal data through the platform, combined with

diverse physiological parameters non-invasive detection models, to obtain a wealth of key parameters for human health assessment; in

addition, the system also provides interfaces for parameter management to help users assess and manage their own health levels.

Keywords : wearable device; PPG; physiological parameter; health assessment; non-invasive detection model
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1) JeAh s 3% 25 1l e

Tl 1% 25 1 M 0 T Gl PPG {55 S B
. XIHAE LS 9 PPG {5 5 L H— B 5 8O A7 R AE 42
O R i R B W TR i O 4 R U R R AR
WO AN A 1 G AR BB HC™ . BT PPG 55 S
— B SECTE FHAESL, 455 52K 1A MR AE AR 1% 1k

) B MR R R AR R ad B, DR R 4R
HEBPE RIS ARACRRE o A LR AR AE 2 RO A ARRRAE,
eyt o JEABE I SR T 1 3 RO WL o) WA Y 3 o o 9 B 3 3
4 s AR Y BE A i R U, 567075 08 T A (] M 2
T B H T R P, 545 5 A AR 22 55 400 32 1t s o300 A6
TR, DT i o 9000 ) B 1 R T S

2) IR GBS I

MRETC QR 2 TRk ab 26 UR  Z 38 PPG {5
S R PPG fE B B A 5 A LAY A
L85 177 A EAT MRC RS IR AR, VR A2
RN K2 PR LD e B T L LT Ik s i o 25 A
XL SE IS 6 DI TR R I AL ) 25 8, S8 A 73 e LR ok
ISP L TGN E S i R N CiE N OB %s  Hi
SFFAR AR AN i B | G i 1 S R
R S A I 145, A [ T B ) ) IR O1G RE 22 (DK
WA ZUB A N4 A A R OE S B . LURASEIECY
191, AN [R)IGH e 22 ) A4 I G JEE 22 (B T3 07 R

1, 1, L

AA"WT/.(” = Aﬁ" -A,. =log 117 - log E =log Z
(4)
I 1, ..
A e =A, = A =log » - log E = log I
(5)

Kb A4, 918 55T S FIC S 0 WO BE 22 (H
DA, s D9 I i 0375 S A RO E 254

— ot T 4 N 2% ( convolutional neural networks,
CNN) 7T LAA 280k DA IS 18] )7 471 v 2 2] 380 K403 8] 19 AH BLAR
FERFR W I Bl e Be b 3R A A T I RRAE . SR —
Y BUZ RS IS MEEAR DG PPG R AE, To T34
WRHESEL, JP6 CNN 5U0GEE 2045 & MEtE T2
28 A A8 B £ M %% (multilayer  perceptron-
convolutional neural networks, MLP-CNN) K Ifil ## JC B #6;
MR

3) ML 8l 1 RS VAl

M sh 7 RSP R 5L T 2300 21 PPG 15
S, ZERTE o i A DA v K 5 R QAR
F, AT LA T D B AR JC 280 48 Ah I BHL O S8 0%
AR 2Pk (heart rate variability, HRV) MESERI,
.0 B 18 ( stroke volume, SV) .0 Hy H 1 ( cardiac
output, CO) . .0 ¥§ £ ( stroke index, SI) . .0 i +8
B (cardiac index, CI) . #bJE Il % FH 77 ( total peripheral
resistance, TPR ) | Il % I i $ ( vascular compliance,
VC) .PWV HRV B 2% ( MEAN_RR .SDRR ,RMSSD |
SDSD ,pNN50) 45, X $E 2 JUREAE 22 J5 v S e S8 3 119 1M
TLBN RS R TP O I A fE R RS S I R TR T
AEEEZ L,



5113

JET PPG ORI TCA L BB BG40 1 77 R 5T - 27 -

2 BREHE

2 RN AR TC B A B2 M0 D) 28 498 2 8 T 1) R 2 A
AT, HAOTE TR — A~ 5838 9 A A5 5 R 4R
B LA AR RS 0 A7 5 8 B 6 LA N A e
H AL RET R, LRGN RIEZR N 3 R,
EEh M A BB AR 55 A, 2Pk
B RN T AR 2L WIE PPC 55, 245
R B AR TR S 4 WA 2 O F K ik il , LR —E 1Y)
S INRE B AR A R SR B K oA
BRI ERE-F- 6, F O ok A 2 U i 5 S5 5
3, A A RSO I 4 A S ST BRI A S
FAAS A B RRE S A0 1) 2 305 7 B 5 I 55 i 0 PR A
fiti 452505 BB %, th HTTP P BSR4 9 00 P 25 S B30
CEZEAS

BRI

B 6 o Py

S T
& A E
Vo
P PP A
Eicl

a2l Al e

)

y; .
IIIII=
%
#

(Rt E R
G AN J

K3 RGHER

Fig.3  System framework
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Fig.4 Exploded view of the structure of the wearable device
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Fig.5 Mobile software functional block diagram
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Table 1 Calculation of signal eigenvalues of PPG
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Fig. 8 Partial PPG signals for similarity assessment
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Table 2 Ten-fold cross-validation results of the

non-invasive glucose detection model

e SERSEREMAE N/ % PIOTR TR Mk
A B CDE #R%E XMz A

1 83.721 16.279 0 0.936  0.730  0.352
2 81.395 18.605 0 0.834  0.691  -0.035
3 83721 16.279 0 0.817  0.706  0.520
4 86.047 13.953 0 0.783  0.649  0.316
5 83.721 16.279 0 1.043  0.823  0.273
6  90.698 9.302 0 0.831  0.676  0.481
7 76.744 23.256 0 0.890  0.693  0.409
8  88.372 11.628 0 0.822  0.674  0.508
9  79.070 20.930 0 1.021  0.832  0.177
10 88.235 11.765 0 0.858  0.724  0.355
Bk 84.086 15.914 0 0.888  0.719  0.342
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