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Abstract

During vital sign monitoring of preterm infants, there are risks of skin injury, a large number of
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monitored parameters, complex operation procedures, and delayed data warning release. To ad-
dress these issues, a non-contact flexible mattress-based monitoring system is designed in this
study. In the sensing hardware, a polyvinylidene fluoride (PVDF) heartbeat sensor is integrated,
along with a conductive silver-carbon paste-based respiration sensor and a GT1050 temperature
sensor. The control unit is built on an STMicroelectronics microcontroller (STM32), enabling three-
channel synchronous data acquisition, signal preprocessing, and local visualization display. Simu-
lation experiments were conducted under laboratory conditions. The results demonstrate that the
system can successfully acquire heartbeat, respiration, and body temperature signals under resting
conditions. The heartbeat signal exhibits a clear waveform with dominant frequency components
concentrated in the range of 1~3 Hz. The respiration signal shows stable periodic variations, accu-
rately reflecting the breathing process. The temperature measurement error is within +0.1°C. The
proposed system demonstrates strong practical potential and provides a technical validation basis
and engineering reference for the future development of non-contact multimodal monitoring sys-
tems for neonates.

Keywords

Flexible Sensors, Heartbeat Monitoring, Respiration Sensing, Body Temperature Acquisition,
Mattress-Based System

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

R JVEBRGEREARTEE, 210w KR T ARE,  RREEHE A W 0O B v W8 A iR S5 A A A4, A 4
B RINRA S T, TR REAAE =TT HRR[1]-[3], H—=2e i, NIPE Bl 2 E
A R )L S AR E G, AR EEAR, ¥k LEAE W% 55 (Neonatal Intensive Care Unit,
NICU)H, 29 32%M J ka4 A IR 37 & 8 AH O [4]-[6]0 58 R R 0, fE4inll & iU E, &5
LUBEIR, PHEEETNZANR, S mEEE R R AR, B R TSR EYE, A SR
RSN SRR B o RBUEBAR, SRR 2SR ETNE &, FIEBTHEARKRE, AIITHh#E
e IR B BEGE T 1R [7]-[9], FMEARRS A RiFaT S i, BEC, WEER, EHE LA mMmE
2 S W o B AR A 110137

WA B RGAAE LR B, RSO —RAIRFE R AL B R AR HAE 5 W R 4,
RGN PVDF DB EEE, T HAR - Bl PP A 2% . GT1050 TR FEAL A, [R5 R AL BEIFIR
IR =R, 5 9L, e EAHLE BOEE v A R . SEER = AT A I, BeIE
RGE T RERFRENM, WA 2R, ZRGTRERNZ SHAEHES, 7 OUEAH A LA
A AR R W B AT AT 7 46

2. BRI
2.1. ARG RSN

RGBS W 1, 3 IR X A2 B X =AMy, A% RRIX 5 TR O 0t 52 0 A PR
T, OB ARIR S 2 RS, AFEIX BL STM32 Sl d A% 0, A& R a4 th A5 5 A BB A G 46
B b s, <2 B IXAKFE oAl (E PO B L 2 EAL,  SERt SR FMBER A . = A ThREX P Rz

DOI: 10.12677/jsta.2026.143048 477 RIS M


https://doi.org/10.12677/jsta.2026.143048
http://creativecommons.org/licenses/by/4.0/

RV E

17, FEEE s B M A

ZRKX SIEX TEHKX
S 15 5 iH
BLES.0f& %
T ML AR B3 — ey —> | MCUSREERIH ADCH:#: L e — Sef izl | EE R
FHIAPPZ it
I /05 / AR/ I BT

Figure 1. Overall system architecture
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Figure 4. Respiration signal conditioning circuit
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Figure 5. Temperature signal circuit
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Figure 7. Lower computer hardware prototype
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Figure 8. Signal processing algorithm flowchart
E 8. FESAEEETERE

4.3. EBERT
AL TR R AR 2 A EA ) 2 8 TE A B S AT AR R AR, AR e A DHE R R A

DOI: 10.12677/jsta.2026.143048 483 AR IR HAR 5 R H


https://doi.org/10.12677/jsta.2026.143048

RV E

RS, B RIELE LT AU R A B AL BEASEAE WA 9 FroR, N T PRIERRE A
presE . B, REATEGE - BIRMGEN, I BE5 S RIGHLHIE s TSt . fEEEmE, 8
iy AR E k. Bl T B R B ORI B R0 S R AR . Bl s et sk
AR — s i aash Ty, — B BN E (AR OxAA . EAIHLAS BRI WSkl i i A 20, e
G ATEE AL, B 7 BOR i KBRS, R OBMESIRE. MG SE RS SRR
P E 7T B LN 2 Byte #E4T RN, DABLORIEMENTAOSE— . BT A T 280 M0l 6 A% fan O I {2 75
PR RGER A B BOmAR e 77 2, Wt ) B - BORAUE BUIC 8 AL S MRS A -

WSk | OBKERIE | PPIREGE | SEEUE | BRI
P o e - o e e e e e e e e e =
OXAA L 2Byte | 2Byte -E 2 Byte i 1 Byte

Figure 9. Data frame structure

E 9. HuRBEMmLEaE

FEREAFSEITT 1, O S BB EIE . B OaE R R EE T, E SRR
HOBHRAL AR I RIS . ARGH, B DEAF R E Y 115,200 bps, HdEALN 8 7, TREAL,
IRy 1AL, FECRIESER AR R, HUaERENE. AR AT, ARSI
B WOE I R 1387 AR B R

4.4. ERINERERT

EAEHLS TR B 10 BORE T, AE B FOREC N RO ORI ER . AR A, M
TR SR R PRAR L R S PR, JF BB Zh BRI TR . RO AES U T, R
22 b DXIR B UR HE 75 . RUOA e 2 DL SRR T SR A, DB DR i i IEma e, Bl ok
e A I S kR SE B R 2D . s I Bk OXAA S5, MR B TR A B8 i 45 R Ak Vs IS R 2t
TBL BT EAT — B I

——| mpaE | HERE |

EORKSE | BEEAK | BRSE |~ S#SA |

i

Figure 10. Upper computer processing flow

10. ERIH ZEIELIERIZE

B EEHRA B S B, EROEE. FEIR. ARRE S SRR TR . RGBS A
ZoRENAS L, FIR R AN F A B2 BB I 18] AR AR I o IR BT o, R GER M S BABAF-fik fix
BB R I AR 2 RET A Y 50 ms SEETRh 4. oAb, Gl sl w07 IR B B — B ]
FI%dE 10s, TRRIESIRENBIY, DLLi el ELECE 11).

DOI: 10.12677/jsta.2026.143048 484 IR AR S R


https://doi.org/10.12677/jsta.2026.143048

RV E

o § EESHBENRS - [m} X
ZHIER SRisiE
— - s s
= . 5 : FEIEE: 63
| s o] osne 5 ;
D 25
] R
361 ‘
T U
] \_/-\ /
32- T T T T
106 108 110 112 114 116
RFIR SRR 4,
8800 — ‘
B g750 - N\ ; ‘
oY
=
#8700 AN 4 N . AL ;
8650 | ! | !
106 108 110 12 114 116
IR
3040 ‘ N\ ‘
-
] 5 3035 1 /./ \ -
k) \ :
3030 4 ‘ |
106 108 m0 . 112 14 116
B8] (75)

J - ==

Figure 11. Upper computer interface
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Figure 15. Capacitance variation of PVDF sensor
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Figure 16. Heartbeat signal waveform
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Figure 17. Temperature-resistance characteristics
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Figure 19. Temperature dynamic response
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