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Abstract

In the field of modern industrial equipment condition monitoring and fault diagnosis, the precise
acquisition and analysis of vibration signals are essential for evaluating equipment health. To ad-
dress the issues of cumbersome wiring and poor flexibility inherent in traditional wired vibration
measurement equipment, this paper designs and implements a wireless vibration measurement
system based on an ARM microcontroller. The system utilizes the STM32F407VET6 as the core mi-
crocontroller unit (MCU) for the data acquisition node. It employs a high-precision 3-axis digital
MEMS accelerometer, ADXL357, for vibration signal collection, and wirelessly streams the raw data
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to a host PC via an nRF24L01+-based transmission module. Experimental results demonstrate that
the system can accurately reproduce the time-domain sinusoidal waveforms generated by a stand-
ard vibration source. Furthermore, Fast Fourier Transform (FFT) analysis conducted on the PC side
reveals that the main peak frequency in the frequency domain perfectly matches the set frequency
of the standard source, thereby verifying the correctness and feasibility of the hardware and soft-
ware design.
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Figure 1. Overall system architecture

1. RGN

DOI: 10.12677/jsta.2026.145082 852 FRIRA AR 5 R H


https://doi.org/10.12677/jsta.2026.145082
http://creativecommons.org/licenses/by/4.0/

PEEOR, whg

FALHLTT AL STM32F407VET6 A il k% 0, ADXL357 =Sl AL IR e MRS BN ¥, Jlid SPI
PR AT = B SR AR (KT DMA #5188 SR C CPU H1iiltis, S 8dmiA2IE A4
FH NRF24L01 + SFATRHORE 5 4G A SIS se BB L 2 LAIHL, (XU si s REE SR, A PITRIME 5185,

AL e B ORI TC A R RSN EE IR, e OB B AR IO S el AR
li] 72 K B R AE R H G PAT 25 B TAL B . FRT S dfe . MRAE VA — A h o, S ok BE A i 2%, st
PRBNE T B PRI A 4T o

S IEBERIRALET . — R T LR S HE ), fREE 4000 Hz SR B £ 5 —J7m b
MRS BT S, RN T WRRRESR . N TR WS Mk, Ray R E[2].

3. BRI
3.1 EFERATERSER

ARG SCHE 4000 Hz = HIFEIAZKAE . SPI End BRI . BB AU AL, X AbFR s Od B . e
2255 . DMA ZEisfe Mt m B R . %] STM32F407VET6 ik A% H 2%, 4% N ARM Cortex-M4 32
i RISC B84, f i EA0 168 MHz, £ERfifi{: DSP &5 Ht. £ % mid SPI /M5 £ @il DMA ¥ 45 .
DMA A SEHUL RS BUE A7 it 3 5 & HahilE, @4 CPU 4010 5 FHBEUR,  ORESESRAEI 77 4% 525

O R/NRFECEBFEMEE. 8 MHz 7S # iR HSE. A7 H M. SWD ki 0. 7M1 8 MHz
TR SR NDIE PLL, S54G4I H 168 MHz REEER Bh, i ml AN 7 /R & Py B
IR SR RUER TG, AIERAEM B U MBI VIP IR IE, RIS S EMELL[3].

3.2. fRRSBRMIEERAERARN

IRBNIE R AL A TR . 2R L IRIEFR PR ER ™07, Ak ADI 4 7] ADXL357 =%l MEMS
Brp i, ZOPERETEARIN T . MeFS % B 80 pg/NHz, PH 20 ks ADC SH{FTIR B30T
Wi, B R E 2 ODR 1k 4000 Hz:  HL& MR i BEfese th, miGiR Lol MiRERER/DN, EHT
TAVBSGKIAESL I M[4]. RIS FEERE XIYIZ =i sy, noe BRI %% = RSN -

ADXL357 ffif3 2% 1°C SPI B A EUrilifs M2k . S m iR g5, MG S 4% 1A 1000 Hz, &
PERFEEH, KSR T 1508 4000 Hz; ADXL357 (15 s RAESIR N 4000 Hz, mI# E ER . Ak, A3
EFXF 4000 Hz mAlRFE) 5, X LEPFP U 2R IAARHRBE /0 B IR S HIRAES H 20 A/ 8dE, %55 24 bit
(B FH); ZHFRYCRIEIL 9 FATE AR, SNA AR MAE, S MRS, RAGREE
5 e L8 100 kbps [5]. ADXL357 #h L 41 2 Ffis o

2.25V 710 3.6V

14 DRDY
13 INT2
12 INT1

0.1pF 1uF

CSIsCL 1 — — 11 VsyppLy E- l
SCLK/Vsgio 2 10 Vipsana B]
o—————71 ApxL357 0ApF == LyF
MOSI/SDA 3 TOP VIEW 9 V,
O————7 1 (Not to Scale) % S3
MISO/ASEL 4| 8 Vipspic

uF

SPI/2ZC
INTERFACE

RESERVED 7

2.25V TO 3.6V

0.1yF 0.1uF

Figure 2. External circuit of ADXL357
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Figure 3. Circuit connection of E34 module
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Figure 4. Flow chart of lower computer program
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Figure 5. Timing diagram of SPI multi-byte reading
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Figure 6. Data frame format
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Table 1. Vibration measurement data of wireless vibrometer
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Figure 8. Time-domain waveform at 160 Hz
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Figure 9. Frequency-domain waveform at 160 Hz
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