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Abstract 

 
Rotating machinery in industrial applications requires accurate vibration measurement for fault diagnosis and 
maintenance decision-making. IEPE sensors provide high accuracy, their cost limits large-scale deployment. This 
study evaluates the frequency, amplitude, harmonic, and noise performance of low-cost MEMS accelerometers in 
comparison with a reference IEPE sensor. Three MEMS accelerometers and one IEPE sensor were mounted on a 
vibration shaker and excited by sinusoidal signals in the 10–100 Hz range, with data simultaneously acquired at a 
sampling rate of 2 kHz. FFT-based analysis was applied to assess frequency tracking accuracy, narrowband RMS 
amplitude, harmonic detectability, noise floor, and signal-to-noise ratio (SNR). Additional experiments examined an 
electric motor under unbalanced conditions to examine practical applicability. The results indicate that the MEMS 
sensors achieve consistent sub-bin frequency tracking, with peak deviations remaining well below the theoretical FFT 
resolution (Δf = 0.2 Hz) for both fundamental and harmonic components. However, the narrowband RMS amplitude 
shows frequency-dependent deviations of up to approximately ±50–70% relative to the IEPE reference, and the SNR 
of the MEMS sensors (25–35 dB) is lower than that of the IEPE (>40 dB). These findings demonstrate strong potential 
for frequency-based condition monitoring, while accurate amplitude evaluation requires calibration. 
  
Keywords  
MEMS accelerometer, Vibration analysis, Induction motor, FFT, Condition monitoring 
 
1. Introduction 
In industries that utilize large-scale machinery, monitoring the condition of equipment is a crucial factor in enhancing 
the reliability and safety of the production process (Manikandan et al. 2021). One of the most widely used techniques 
is vibration analysis, which can serve as an important tool for decision-making regarding maintenance, repair, or 
replacement of machine components (Romanssini et al. 2023). The effective application of this technique can 
significantly reduce maintenance costs and extend the service life of machinery. 
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Vibration measurement is a critical component for detecting and diagnosing abnormalities in machinery. At present, 
piezoelectric accelerometers are widely accepted in this field due to their high accuracy (Yaghootkar et al. 2016). 
However, the cost of this type of sensor is relatively high, especially when multiple units need to be installed 
simultaneously, such as in wireless sensor network–based machine condition monitoring systems.  
 
Advancements in embedded system technology and wireless sensor systems have led to the development of Micro-
Electro-Mechanical Systems (MEMS) accelerometers, which provide a much lower-cost alternative for industrial 
vibration monitoring. This type of sensor integrates built-in signal conditioning circuitry, significantly reducing the 
overall system cost. In recent years, the market for MEMS accelerometers has grown rapidly, and the cost of these 
devices is expected to continue decreasing, making them increasingly suitable for industrial applications that require 
multi-point vibration monitoring. Furthermore, several research studies (Rehman et al. 2024; Son et al. 2016; Symes 
et al. 2025) have discussed the structural design of MEMS sensors, various considerations for installation, 
measurement principles, and performance evaluation in vibration detection. 
 
MEMS accelerometer technology has therefore been widely adopted in certain industrial applications, such as the 
robotics industry, agricultural machinery industry, and the drone industry. However, the application of MEMS 
accelerometers for machine condition monitoring still lacks sufficient information to support the selection of the most 
effective MEMS accelerometer when specifications and prices are similar, in order to ensure suitability for practical 
machine condition monitoring. In (Son et al. 2016), three-axis and single-axis MEMS accelerometers were used 
together with an ultrasonic microphone to evaluate performance on a unidirectional vibration table. The results 
demonstrated that the sensors were able to accurately detect vibration frequencies and acoustic signals. 
 
Although previous studies have explored the use of MEMS accelerometers in condition monitoring applications, 
several performance aspects remain insufficiently quantified. For example, (Jakobsen 2024) discussed low-cost 
MEMS-based monitoring systems incorporating multiple signal modalities, while (Scheffer and Girdhar 2004) 
emphasized the importance of mounting dynamics in vibration measurement accuracy. These works highlight 
important practical considerations; however, a tightly controlled and systematically quantified comparison between 
low-cost MEMS accelerometers and calibrated IEPE sensors under identical controlled sinusoidal excitation and 
synchronized acquisition conditions remains limited, particularly within the industrially relevant 10–100 Hz frequency 
range. Therefore, the objective of this study is to establish a structured and quantitative evaluation framework for 
assessing low-cost MEMS accelerometers against a calibrated IEPE reference sensor under controlled sinusoidal 
excitation and real motor operating conditions. 
 
Specifically, this study aims to: 
(1) Quantify sub-bin frequency tracking accuracy within the 10–100 Hz range. 
(2) Evaluate narrowband RMS amplitude fidelity and its frequency dependency. 
(3) Assess harmonic structure preservation through harmonic peak alignment and total harmonic distortion (THD). 
(4) Compare noise performance using signal-to-noise ratio (SNR) derived from controlled spectral isolation. 
 
While previous comparative studies often report general frequency agreement between MEMS and piezoelectric 
sensors, most focus on isolated performance indicators rather than a unified evaluation methodology. The present 
study differs in three principal aspects. First, frequency accuracy is quantified using sub-bin peak estimation under a 
shared clock acquisition system, minimizing timing bias. Second, amplitude deviation is evaluated using narrowband 
RMS ratios to reveal frequency-dependent sensitivity characteristics. Third, frequency error, harmonic alignment, 
THD, and SNR are integrated within a single multidimensional experimental framework, enabling a more 
comprehensive assessment of sensor suitability for frequency-domain machinery condition monitoring. 
 

2. Problem Formulation 
2.1 Performance Metrics 
To evaluate the capability of low-cost MEMS accelerometers for rotating machinery condition monitoring, this study 
establishes a performance evaluation framework based on four key dimensions: frequency accuracy, amplitude 
accuracy, harmonic detection capability, and noise performance. A calibrated IEPE accelerometer was used as the 
reference sensor under identical excitation conditions and data acquisition systems, ensuring that any observed 
differences primarily reflect the behavior of the sensors and the measurement system. 
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 (1) Frequency Tracking Accuracy    
Frequency error is defined as the difference between the peak frequency measured by the MEMS sensor and the peak 
frequency measured by the reference IEPE sensor, as follows: 
 
     ∆𝑓𝑓 = 𝑓𝑓𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 −  𝑓𝑓𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 
 
Where 𝑓𝑓𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 and 𝑓𝑓𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 are obtained from FFT analysis under identical sampling conditions. 
In addition, the relative error expressed as a percentage was considered to reflect the accuracy of tracking the 
fundamental frequency within the range of 10–100 Hz, which is a critical band for rotating machinery analysis in 
industrial applications. This metric is important because accurate identification of rotational frequency and its 
harmonics forms the basis for fault diagnosis, such as unbalance and misalignment. 
 
 (2) Amplitude Fidelity 
Although frequency accuracy reflects the capability to correctly identify peak locations, evaluating the severity of 
vibration also requires consideration of amplitude accuracy. Therefore, amplitude accuracy is defined in terms of the 
ratio of the narrowband RMS value around the fundamental frequency (±1 Hz) between the MEMS sensor and the 
IEPE sensor, as follows: 

𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎 =
𝑅𝑅𝑅𝑅𝑅𝑅𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
𝑅𝑅𝑅𝑅𝑅𝑅𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

 

 
A value that deviates from 1 reflects the frequency response characteristics of the measurement system, which may 
be influenced by the mechanical dynamics of the mounting method, the characteristics of the MEMS package, and the 
signal conditioning circuitry. 
 
 (3) Harmonic Detectability 
To evaluate the linearity of the response and the capability to preserve the spectral structure of the signal, the error in 
the peak positions of the 2nd and 3rd harmonic components was examined as follows: 
 

∆𝑓𝑓ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =  𝑓𝑓𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
(𝑛𝑛) − 𝑓𝑓𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

(𝑛𝑛) ,𝑛𝑛 = 2,3 
 

In addition, the Total Harmonic Distortion (THD) was calculated from the 2nd to 5th harmonic components to reflect 
the level of harmonic distortion in the measurement system. Accurate preservation of harmonic positions and orders 
is important for analyzing fault-related spectral features. 
 

 (4) Signal-to-Noise Ratio: SNR  
The capability to detect low-amplitude spectral components was evaluated using the Signal-to-Noise Ratio (SNR), 
which was calculated as follows: 

𝑆𝑆𝑆𝑆𝑆𝑆 = 20 𝑙𝑙𝑙𝑙𝑙𝑙10(
𝑅𝑅𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑅𝑅𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛

) 

 

Where 𝑅𝑅𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 is the narrowband RMS value around the fundamental frequency and  𝑅𝑅𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 is the RMS value 
of the noise within the 0–500 Hz range after removing the bands around the main harmonics. 

These four performance metrics collectively cover the key dimensions of vibration analysis in the frequency domain, 
including frequency positioning, quantitative amplitude accuracy, harmonic structure consistency, and noise 
limitations. Together, they form a systematic evaluation framework for comparing the performance of MEMS sensors 
with the reference IEPE sensor. 

2.2 Evaluation Framework 

To ensure that the performance evaluation of MEMS accelerometers is systematic and that the results can be clearly 
interpreted, this study establishes a comparison framework using a calibrated IEPE accelerometer as the reference 
standard. Both the MEMS and IEPE sensors were mounted at the same location on the shaker arm to ensure that they 
received identical excitation signals and to minimize errors arising from mounting position differences. 
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The excitation was defined as a periodic sine signal within the frequency range of 10–100 Hz, incremented in steps of 
10 Hz. This frequency range is relevant to the analysis of rotating machinery in industrial applications. Data from all 
sensors were sampled at a rate of 2 kHz using the same data acquisition system and a shared clock source, ensuring 
that timing errors and jitter affected all signal channels equally. To control external interference factors, all MEMS 
sensors were mounted in magnetic bases with identical mass, and powered by batteries to reduce interference from 50 
Hz AC power. The experimental setup and environmental conditions were kept consistent for all tests to ensure that 
any observed differences in frequency error, amplitude error, harmonic behavior, and noise performance directly 
reflect the characteristics of the measurement systems. Within this experimental framework, the evaluation focuses on 
a quantitative comparison between the MEMS and IEPE sensors in terms of frequency tracking accuracy, amplitude 
accuracy, preservation of harmonic structure, and noise limitations. These factors are critical for practical 
implementation in rotating machinery condition monitoring systems. 
 
3. Methods 
3.1 MEMS Sensor Characteristics  
MEMS accelerometers are generally classified into piezoresistive and capacitive types (Alwazzan et al. 2025). This 
study focuses on capacitive MEMS devices, which consist of a proof mass suspended by micro-fabricated springs and 
interdigitated electrodes (Figure 1). Under acceleration, relative displacement of the proof mass induces differential 
capacitance variation, which is converted into a proportional electrical signal (Tez and Akin 2013). Compared to 
piezoelectric accelerometers, capacitive MEMS sensors offer compact size, low power consumption, and CMOS 
integration capability, making them suitable for distributed and wireless vibration monitoring. However, their 
performance depends on sensitivity, noise density, dynamic range, linearity, natural frequency, and damping 
characteristics. Recent studies have demonstrated the feasibility of MEMS accelerometers in vibration monitoring. 
(Rossi et al. 2023) reported measurement deviations below 5% compared to piezoelectric systems in rotating 
machinery. (Li et al. 2024) showed comparable low- to mid-frequency responses for low-cost MEMS sensors. (Huang 
et al. 2016), following ISO 16063-21 calibration procedures, achieved time- and frequency-domain results comparable 
to PZT sensors in milling monitoring. (Jiménez et al. 2016) demonstrated rotor-mounted MEMS accelerometers with 
agreement to eddy current displacement sensors under steady and transient conditions. (Ma et al. 2026) further 
improved resonant MEMS performance through structural frequency enhancement and active damping control to 
reduce vibration rectification error (VRE). Despite these advances, most studies emphasize application feasibility or 
isolated performance indicators. Limited research systematically addresses the metrological implications of low-cost 
MEMS accelerometers in industrial vibration monitoring, particularly regarding frequency-domain accuracy, 
harmonic preservation, amplitude fidelity, and signal-to-noise performance under tightly controlled comparative 
conditions. Theoretically, discrepancies between MEMS and IEPE measurements can be interpreted through the 
Frequency Response Function (FRF) of the combined sensor–mounting–structure system, where mounting stiffness, 
damping, packaging, and electronic noise may introduce frequency-dependent gain deviations and SNR limitations. 
Accordingly, this study presents a controlled, multidimensional frequency-domain evaluation of low-cost MEMS 
accelerometers relative to a calibrated IEPE reference under identical excitation and synchronized acquisition 
conditions. 

 
 

Figure 1 Structure of a MEMS accelerometer  
 

This demonstrates the potential of MEMS for industrial applications. Key parameters considered when selecting an 
accelerometer include sensitivity, amplitude limit, shock limit, natural frequency, resolution, amplitude linearity, 
frequency range, and phase shift.  
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The key specifications of the IEPE reference sensor and the three MEMS accelerometers used in this study are 
summarized in Table 1. Key parameters considered when selecting an accelerometer include sensitivity, amplitude 
limit, shock limit, natural frequency, resolution, amplitude linearity, frequency range, and phase shift. Environmental 
factors and mounting methods—such as mounted resonant frequency and transverse sensitivity—may influence the 
frequency response of the measurement system and therefore must be taken into account in the experimental design. 

 
 

Table 1. presents a comparison of the key specifications of the IEPE and MEMS sensors used in the experiment. 
 

 IEPE Ref. MEMS (V0) MEMS (V1) MEMS (V2) 
Sensitivity 
(Vs=3V) 

102mV/g 300mV/g 57mV/g 174mV/g 

Frequency 
range (Hz) 

1-9000 Hz 0.5-550 Hz 0.5-550 Hz 0.5-550 Hz 

Amplitude 
limit (g) 

+/-80 +/-3.6 +/-19 +/-6 

Linearity +/-1% +/-0.3% +/-0.3% +/-0.2% 
Shock limit (g) 5,000 g 10,000 g 10,000 g 10,000 g 

Resolution 
(mg) 

0.3mg 6.7mg 6.7mg 5.59mg 

 
3.2 Experimental Setup 
The experiment was conducted using a laboratory-scale electrodynamic vibration shaker driven by a linear power 
amplifier and controlled by a precision function generator producing sinusoidal excitation within the 10–100 Hz range. 
The excitation amplitude was maintained constant across all frequency steps to ensure consistent comparison. Four 
accelerometers were evaluated: one calibrated IEPE reference accelerometer (nominal sensitivity 102 mV/g; 
frequency range 1–9000 Hz) and three low-cost capacitive MEMS accelerometers (bandwidth 0.5–550 Hz). All 
sensors were mounted at the same location on the shaker arm to ensure identical mechanical excitation and minimize 
spatial variation. The MEMS sensors were installed in magnetic mounting bases of equal mass (approximately 50 g) 
to maintain consistent boundary conditions and comparable mounting stiffness. The IEPE sensor was mounted under 
equivalent structural conditions. Alternative mounting techniques, such as screw or adhesive attachment, were not 
investigated. Since mounting stiffness and structural resonance may affect the effective Frequency Response Function 
(FRF), evaluation of different mounting configurations remains a subject for future study. The overall experimental 
configuration used in this study is illustrated in Figure 2. 
 

 
 

Figure 2. Test setup 
 

3.3 Data Acquisition Configuration 
All sensor signals were acquired using a LabJack T7 Pro data acquisition system equipped with a 24-bit sigma-delta 
ADC architecture. Data were sampled simultaneously at 2 kHz using a shared clock source to eliminate timing skew 
between channels. With this sampling rate, signals up to 500 Hz can be analyzed according to the Nyquist criterion, 
which is sufficient for the 10–100 Hz excitation range considered in this study. For each excitation frequency, 
approximately 27 seconds of data were recorded. The use of a common ADC and synchronized sampling ensured that 
any timing-related errors, such as jitter or drift, affected all channels equally, allowing observed differences to 
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primarily reflect sensor characteristics rather than acquisition artifacts. To reduce electromagnetic interference from 
50 Hz AC power systems, all measurement equipment was powered by batteries during testing. In addition to 
controlled shaker experiments, measurements were conducted on an electric motor operating at 1000 RPM 
(approximately 16.7 Hz) to evaluate frequency-domain performance under practical operating conditions. 
 
3.4 Excitation Procedure 
The excitation was performed using a periodic sine signal within the frequency range of 10–100 Hz, with the frequency 
increased in 10 Hz increments at each step. Signals from all sensors were recorded simultaneously under identical 
conditions to enable consistent quantitative comparison between the MEMS and IEPE sensors. In addition to the 
controlled shaker tests, further experiments were conducted on a real electric motor operating at 1000 RPM 
(approximately 16.7 Hz in the frequency domain) to evaluate the capability of detecting the fundamental frequency 
and its harmonics under practical operating conditions. The excitation conditions in this study were limited to 
controlled sinusoidal signals and steady-state motor operation. Random or impulsive excitation scenarios, which may 
better represent transient fault conditions, were not included and remain subjects for future investigation (Figure 3). 
 

 
 

Figure 3. Electric Motor vibration monitoring setup 
 
3.5 Signal Processing and Spectral Analysis 
Signal processing was performed in Python in both the time and frequency domains. For each excitation condition, 
approximately 27 seconds of data were recorded at a sampling frequency of 2 kHz. A steady-state segment of 5 
seconds from the central portion of the signal was selected for analysis to avoid transient effects at the beginning and 
end of the record. This corresponds to N = 10,000 samples and yields a theoretical frequency resolution of  
 

∆𝑓𝑓 = 𝐹𝐹𝑠𝑠
𝑁𝑁

= 0.2𝐻𝐻𝐻𝐻  

 
Prior to spectral analysis, a Hann window was applied to the selected segment to reduce spectral leakage. The Fast 
Fourier Transform (FFT) was then computed without additional zero-padding. Peak frequencies were estimated using 
parabolic interpolation around the dominant spectral bin to obtain sub-bin frequency estimation. From the resulting 
spectrum, the performance metrics defined in Section 2 were calculated, including fundamental frequency error, 
narrowband RMS amplitude ratio (±1 Hz), total harmonic distortion (THD, 2–5), and signal-to-noise ratio (SNR) 
derived from harmonic-excluded noise bands. 
 
4. Data Collection  
4.1 Periodic Excitation Measurements 
Controlled data acquisition was performed by exciting the shaker with sinusoidal signals in the 10–100 Hz range, 
incremented in 10 Hz steps. For each frequency level, approximately 27 seconds of data were recorded simultaneously 
from all sensors at a sampling rate of 2 kHz under identical mounting and acquisition conditions. From each dataset, 
a 5-second steady-state segment was selected for spectral analysis, ensuring consistent frequency resolution (Δf = 0.2 
Hz) across all tests. This segment was used to compute the defined performance metrics, including fundamental 
frequency error, narrowband RMS amplitude ratio, total harmonic distortion (THD), and signal-to-noise ratio (SNR). 
All excitation levels were processed using the same segmentation, windowing, and spectral estimation procedures to 
maintain methodological consistency throughout the study. The present investigation emphasizes deterministic 
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comparison under tightly controlled laboratory conditions. Although repeated trials were not conducted at each 
frequency level, the consistent trends observed across the frequency sweep indicate stable measurement behavior 
under controlled laboratory conditions. A comprehensive statistical uncertainty analysis, including repeatability 
testing and confidence interval estimation, remains for future work. 
 
4.2 Harmonic and Spectral Component Extraction 
For the evaluation of spectral structure, the peaks corresponding to the fundamental frequency (1×) and the 2× and 3× 
harmonic components were identified from the frequency spectrum using sub-bin peak estimation as described in 
Section 3. The narrowband RMS values (±1 Hz) around each harmonic component were used to calculate the THD 
and were compared with the reference values obtained from the IEPE sensor to assess the capability of the MEMS 
sensors to preserve the harmonic structure of the signal. 
 
4.3 Electric Motor Validation 
In addition to the controlled shaker tests, additional data were collected from an electric motor in a laboratory 
environment operating at 1000 RPM, corresponding to a mechanical frequency of approximately 16.7 Hz. Signals 
from all three MEMS sensors were recorded and analyzed in both the time and frequency domains to evaluate their 
capability to detect the fundamental frequency and its harmonics under real operating conditions. The results from 
this test were used to verify the consistency of spectral behavior between the MEMS sensors and the reference sensor. 
 
5. Results and Discussion 
The experimental results under sinusoidal excitation in the 10–100 Hz range indicate that all three MEMS 
accelerometers consistently tracked the fundamental frequency. Representative time-domain acceleration responses 
at excitation frequencies of 20 Hz and 50 Hz are shown in Figure 4(a) and Figure 4(b), respectively. The measured 
peak frequencies closely followed the set excitation frequencies across all test points. The observed peak deviations 
remained significantly smaller than the theoretical FFT resolution (Δf = 0.2 Hz), confirming reliable frequency 
tracking performance. The use of parabolic interpolation reduced discretization effects associated with FFT bin 
spacing, enabling consistent sub-bin peak estimation. However, the achievable accuracy remains bounded by the 
acquisition resolution and signal-to-noise characteristics of the measurement system. 
 

 
 

Figure 4. Measured acceleration responses 20 Hz and 50 Hz 
 
The relationship between the excitation frequency and the measured peak frequency is shown in Figure 5 : Peak 
frequency vs excitation frequency, demonstrating nearly perfect agreement throughout the entire test range. The 
absolute frequency error and the percentage frequency error are presented in Figure 6 (a): Frequency error (Δf) and 
Figure 6 (b): Percent frequency error, respectively. The errors remain very small relative to the defined spectral 
resolution. 

(a) (b) 
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Figure 5. Peak frequency measured by the MEMS accelerometers and the reference (IEPE) accelerometer as a 
function of the set excitation frequency. 

 

 
 

Figure 6. Frequency error of the MEMS accelerometers relative to the reference (IEPE) accelerometer: (a) Absolute 
error (Δf); (b) Percent error. 

 
In terms of amplitude performance, the comparison of the narrowband RMS ratio is shown in Figure 7(a): RMS 
ratio and Figure 7(b): Sensitivity deviation. The results indicate that the amplitude deviation is dependent on the 
excitation frequency, reflecting the frequency response characteristics of the sensors and the mechanical mounting 
conditions. Although the MEMS sensors maintain accurate frequency positioning, noticeable amplitude differences 
are still observed within certain frequency ranges. 
 

  
 

Figure 7. Amplitude performance comparison: (a) Narrowband RMS ratio; (b) Sensitivity deviation. 
 

(a) (b) 

(a) (b) 
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The harmonic structure of the signal is presented in Figure 8: FFT spectrum (1×, 2×, 3× components), where the 
main harmonic components align with those measured by the reference sensor. The harmonic position error is 
shown in Figure 9: Harmonic alignment error, which remains at a low level. However, the Total Harmonic 
Distortion values displayed in Figure 10: THD comparison reflect differences in the amplitude of certain harmonic 
components. 

 
 

Figure 8. FFT spectra of the MEMS accelerometers and the reference (IEPE) accelerometer at 50 Hz, showing the 
fundamental (1×) and the second and third harmonics (2×, 3×). 

 

 
 

Figure 9. Harmonic peak alignment error at 2× and 3× for the MEMS accelerometers relative to the reference 
(IEPE) accelerometer versus set excitation frequency. 

 

 
 

Figure 10. Total harmonic distortion (THD, 2–5) of the MEMS accelerometers and the reference (IEPE) 
accelerometer versus set excitation frequency (narrowband RMS, ±1 Hz). 

 

1x 2x 3x 

1x 2x 3x 

1x 2x 3x 

1x 2x 3x 
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The noise level of the measurement system is presented in Figure 11(a): Noise floor spectrum, and the Signal-to-Noise 
Ratio is shown in Figure 11 (b): SNR comparison. The MEMS sensors exhibit a higher noise floor than the IEPE 
sensor, resulting in lower SNR values across all frequency ranges. This may affect their capability to detect low-
amplitude faults. When compared with typical manufacturer sensitivity tolerances for low-cost MEMS accelerometers 
(commonly ±10–20%), the observed amplitude deviations (up to ±50–70%) indicate that system-level effects—
particularly mounting dynamics and structural resonance—contribute more significantly to gain variation than 
intrinsic sensor calibration error. From a diagnostic perspective, an SNR in the range of 25–35 dB allows reliable 
identification of dominant spectral components but may limit detection of low-amplitude fault-related sidebands, 
especially in early-stage fault conditions where signal levels approach the noise floor. 
 

 
 

Figure 11. Noise performance of the MEMS and reference (IEPE) accelerometers versus excitation frequency: (a) 
Estimated noise floor; (b) Signal-to-noise ratio (SNR). 

 
To evaluate performance under real operating conditions, tests were conducted on an electric motor running at 1000 
RPM. The installation setup is shown in Figure 3: Electric Motor vibration monitoring setup, and the measured 
spectrum is presented in Figure 12 : Electric Motor vibration measured by MEMS accelerometers at 1000 rpm. The 
results indicate that the MEMS sensors were able to detect the fundamental frequency (~16.7 Hz) and the second 
harmonic (~33 Hz) consistently with the reference sensor, although some amplitude differences were observed. These 
findings support the practical feasibility, particularly in applications where frequency identification is more critical 
than amplitude accuracy. 

 

 

 
 

Figure 12. Electric Motor vibration measured by the MEMS accelerometers at speed of 1000 rpm 
 

16.6Hz 

33Hz 

16.6Hz 

33Hz 

33Hz 

16.6Hz 

MEMS V0 

MEMS V1 

MEMS V2 

MEMS V0 

MEMS V1 

MEMS V2 

(a) (b) 
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6. Conclusion 
This research evaluates the performance of low-cost MEMS accelerometers by comparing them with a calibrated IEPE 
reference sensor under controlled sinusoidal excitation in the 10–100 Hz range and steady-state operation of an electric 
motor. Under the spectral resolution constraint of Δf = 0.2 Hz, the MEMS sensors were able to consistently track the 
fundamental frequency and harmonics, demonstrating stable frequency identification capability in the frequency 
domain. During motor operation at 1000  rpm (approximately 16.7 Hz), the MEMS devices were able to accurately 
detect the fundamental rotational frequency and the second harmonic (approximately 3 3  Hz) in agreement with the 
reference sensor. Although amplitude deviations were observed, the spectral peak locations remained within the 
specified resolution limit, confirming the reliability of rotational frequency identification. 
 
The narrowband RMS deviations were frequency-dependent and reached up to approximately ±50–70%, exceeding 
the typical sensitivity tolerance specified by manufacturers (±1 0 – 20% ) .  These deviations reflect variations in the 
overall system frequency response function (FRF) of the combined sensor–mounting–structure assembly rather than 
intrinsic errors of the sensor itself. This indicates that mounting dynamics and structural coupling are the primary 
factors determining gain accuracy. 
 
The noise analysis showed that the MEMS devices exhibited lower Signal-to-Noise Ratio (SNR) values (2 5–35dB) 
compared to the IEPE sensor (>4 0 dB). Although the main spectral components could still be identified within this 
range, the reduced noise margin may limit the ability to detect low-amplitude sidebands associated with early-stage 
damage. Overall, the results indicate a trade-off between the robustness of frequency identification and the quantitative 
accuracy of amplitude in vibration monitoring systems employing low-cost MEMS sensors. The main contribution of 
this research is the establishment of a multidimensional evaluation framework in the frequency domain, integrating 
spectral resolution constraints, harmonic persistence, amplitude accuracy, and noise characteristics under identical 
data acquisition conditions. This framework helps define the practical performance boundaries and supports principled 
decision-making in sensor selection and system design for industrial machinery condition monitoring applications. 
 
Practical Recommendations 
For industrial practitioners, low-cost MEMS accelerometers are suitable for applications primarily focused on 
frequency identification, such as detecting rotational speed and harmonic components. However, when quantitative 
amplitude assessment or compliance with vibration severity standards is required, frequency-dependent calibration 
relative to a reference sensor is recommended prior to deployment. In configurations using magnetic mounting, 
additional attention should be given to potential gain variation introduced by mounting stiffness and structural 
resonance. 
 
For system designers, applications requiring detection of low-amplitude early-stage faults should consider acquisition 
configurations capable of achieving SNR levels above approximately 35–40 dB to maintain sufficient diagnostic 
margin. 
 
Research Recommendations 
Future investigations should prioritize (1) systematic Frequency Response Function (FRF) characterization under 
multiple mounting configurations, (2) repeatability and statistical uncertainty quantification, and (3) evaluation under 
non-sinusoidal excitation such as impulsive or random vibration to better represent real fault conditions. 
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