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Abstract

Aiming at the drawbacks of traditional gait analysis equipment, including high cost, short battery
life and poor adaptability to long-term close-fitting wear, this paper proposes a gait monitoring sys-
tem combining a plantar kinetic energy harvester based on PVDF piezoelectric thin films and JY61P
inertial measurement unit (IMU). Three cantilever-beam PVDF acquisition units are arranged at the
heel, midfoot and forefoot to collect dynamic piezoelectric signals from the plantar region. Signal
conditioning is realized through charge amplification, bias matching and low-pass filter circuits.
Taking the STM32F407 microcontroller as the main control core, the system realizes synchronous
multi-source data acquisition, timestamp marking and data frame encapsulation, and completes
Wi-Fi data transmission via the ESP8266 wireless module. The upper computer supports real-time
signal waveform display, data storage, cadence calculation and sliding window-based gait recogni-
tion. Experimental results show that the PVDF acquisition units can effectively identify typical gait
events such as heel strike, stance transition and forefoot push-off, while IMU signals provide sup-
plementary information on foot posture and spatial motion characteristics. The average accuracy
of gait recognition based on dual-signal fused features reaches 95.51%, and the average accuracy of
cadence detection is 98.3%. The overall performance outperforms schemes using a single sensor.
This research provides technical references for the development of low-power, self-powered wear-
able gait monitoring devices.

Keywords
Gait Monitoring, PVDF Piezoelectric Thin Film, IMU, Multi-Sensor Fusion, STM32

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

ABRNET BN TR IR S2 205 IR L SR & T2 i A 12 3 AT e 2B A
SCEEM BETMAR RS TR S L ESH, AR AARIIZEIRE Sy SRR AR XU, 72
HERIT ZEBETE | 23| 25 S8R A EE RN HIMME . 908 E 0t 2 IR R 4.
MA G =T A&, HRRG A RA R WK, MR, Bk e N R H gL
SREMEFR. BEERER T BB SIRNAXBOR KPR R, B RESEE AN E AT 5 B 3T i 0
fEHRARA . Bl ATHBhOtREE = B OtRERIILES,  RRONE S ML U B TE A [ 1]-(3] -

MNEAT AR EREAR FIENUIIREE . 3T A AN . PESEEC B S ik L RN . LTSRN 55
JRUBE PR AL IR Y RE B R A AR, BRIV D9l B O ) o s A e, R R A S Sl sk
& BIRFN[4]-[7]0 2T T 0w 9B L6 (PVDF) s HL R (10 SR Mk A RAE B RER AR 4 R a5 iU LR L Bl B R A
WG PEEF IR, RN Ris st R S a BB s AN E I e, TR ERHUBIE R RO S,
RO S S ASRE. 51658 PZT W& AIFAHLL, PVDF SRR, &R 2R AR T
BT B AU Ras, Hxahb ot dr SiRsh m S AF L . (2 PVDF 2JRIZshRERE S &k
TG GE /185, ST 55 A B AT B B A BLSIT I, UKEE#— PVDF Z3fFXELL
R X > BT PROE LIS S a[8]-[12]

DOI: 10.12677/jsta.2026.144074 775 IR AR S R


https://doi.org/10.12677/jsta.2026.144074
http://creativecommons.org/licenses/by/4.0/

A 2

[ A Ahf o L S r] 5 ol S I AN AEsh e EREETT KB T Slade 8 N[5 1 T B
PR A5 SAERERE AT I h A S A s Dion S5 [3 PR INIR FE tF 5L 272 ) S, KL T AR I om A
WAL 234 Huang S5 N[71800E 1 I FRPOE AR RERCRAELG M, 32T T APATHUMBE R F iR, B
RESC[11]s BUeiesE N[12]i8 1 2% E SRS 1T SRR, (B RESHRL . BARRE
i e FE I 25

BT, AR T B LRSS A RERE S S RN B IR S rob SRS, ARG AR
FRETTRe R AR &% 1 ) D) R B AR AR M, TR M — R R R AR . R RIS . AT SN B Y
ZEEIERE TR WL R G SR R S IR R R IR B RS YU Y,
i LA G20 A5 M7 S BRI, O m] 5 ol A& I e 0 TR M SR se i &%

2. SEUMRGEH B RZH

AR S 20 25 MR 2R G0 R F AR BOR 46N WL 3 -TE R AL - AT LA BT 2248 (1) 1), BRI 43 Rk
MR REEHGZEMN R . BAE =% PVDF 5o RERITTE JY6IP HVEM &S eHm, =ik
PVDF & HREE R IT A B R LR, ., irEA S, fIiHideRath. EOo/%%. iENsSs
WA I S S, TY61P I e e TR, [ R R =i fE . Al Es
BB RELKE LN STM32F407 fd= il 28 Atz 0, FAELE 5B fL % 15 ESP8266 WiFi fiHk, 58
B UREHE R0 KA . BRI . R %E, FEEET TCP Wil SEal o i A& 4, RIREE R0
ST SR . N TR N PC ot L AIHL, 3 EESCEIAR . VI BUR AT SERF O BoR . B BIEF
fiti, [FINBBLZ RN, TR E 5P 5K REBETIEREN, AMATELRE T LR
A B HAVERAR , PVDF i e IR T e s N = AR BRI i, 25 M O (L B SRR A3 S
FEHON BT HLAT IR G RS B RS S SR EIN, TY61P SEINt KA 2 3538 sh B JFil it & 1 bAL 2 T,
STM32F407 PR G0 — A NI TG, W BRI 22 el R I w22, PR B o Ui ey
JSON ##fini, H1 ESP8266 HEHi L Rtk WiFi A% 2 B . b ALHLRREE M Wy o 11 BT b Eolls
— 5 T 25 1] 22 S IE S #h 28 . A EUUREARARAT N CSV X, 75— 5 T R A sh i B R B
WZRTE RN RS, BRSPS G5 it 5P AR . RAEMOCHEEC E R IR 1| fis.

RIEIEEE EoiEE STM32F407 ESP8266 i)
[%%Eﬁlﬁ?ﬂ] _>[ ap ]_> e | > | memesk | T Swea

Sn
B BT ——p
e R

’i gm2 —P =

REE
b B —

 BEHE REEHE . mEE

Figure 1. Overall architecture diagram of the gait monitoring system
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Table 1. Key configuration and functions of the system
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Figure 2. Output voltage of the PVDF piezoelectric energy harvesting unit under different plantar pressures (a), open-circuit
output voltage under different dynamic vibration excitation frequencies (b), load output voltage (c) and output power (d) at
various load resistances
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Figure 3. Physical diagram of signal conditioning circuit
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Figure 4. System data flow and upper computer analysis process
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Figure 5. Physical diagram of system testing prototype (a), packaging structure diagram of hardware module (excluding PVDF
piezoelectric energy harvesting unit) (b) and its internal structure front view (c), rear view (d)
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Table 3. Output performance test results of PVDF piezoelectric energy harvesting unit under different gaits
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Table 4. IMU signal characteristics under different gaits
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Table 5. Comparison between system-estimated cadence and manual cadence
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Table 6. Comparative analysis of recognition effects under different gait patterns
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Figure 6. Confusion matrix for gait recognition
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Table 7. Comparison of gait recognition performance under different feature combinations
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