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MEMS accelerometers are attractive candidates for vibration-based 
condition monitoring of industrial machinery, on account of their low cost, 
weight, power, and ease of use, as compared to incumbent piezoelectric 
accelerometers. These features allow equipment manufacturers to embed 
multiple MEMS accelerometers to detect vibration signals in various parts of 
the machinery, subsequently diagnose abnormalities and incipient failures 
by identifying vibration patterns that deviate from normal. While the patterns 
are unique to different machines and mounting locations for the sensors, 
the technique broadly relies upon gleaning information from the frequency 
spectrum of vibrations sensed by the accelerometers, and monitor for shift 
in frequencies of vibration tones, onset of harmonics, and change in broad-
band vibration amplitude, in particular, frequency bands (1).

When using an accelerometer with digital output, designers must take 
into account the bandwidth limitations imposed by the digital filters in 
the signal chain, and also be wary of aliasing of high frequency signals 
into the bandwidth of the sensor for a given output data (sampling) rate. 
For a sampling rate S, a vibration signal at frequency f (where f < S/2) is 
indistinguishable from a signal at higher frequency S/2 + f, due to folding. 
In condition monitoring applications, this could lead to misinterpretation of 
the vibration profile of the machinery.

As an example, consider the ADXL355 and ADXL354, accelerometers 
that are targeted for high resolution vibration measurement with very low 
noise to enable the early detection of structural defects via wireless sensor 
networks. The internal digital filters in the ADXL355 will cause aliasing of 
out of band frequency, content to frequencies within the bandwidth of the 
accelerometer. For operation at 4 kHz ODR, for example, a bandwidth of 
1 kHz frequencies above the Nyquist rate (2 kHz) will experience aliasing. 
This is particularly important for frequencies above 3 kHz, which will be 
aliased to frequencies within the bandwidth of the accelerometer (1 kHz), 
thereby causing an erroneous interpretation of the output. A combination 
of the filter and the sensor resonance results in an attenuation of ~25 dB 
for the 3 kHz signal aliased to 1 kHz, as seen in Figure 1. The dynamic 
range of the accelerometer with noise density N = 25 μg/√Hz and bandwidth 
BW = 1 kHz, considering R = ±8 g measurement range is:

10 log10 =

=10 log10  61 dB 

The attenuation for all frequencies between 3 kHz and 3.9 kHz is less  
than the dynamic range and thus the aliased signal will be larger than  
the accelerometer noise floor. For applications where smaller bandwidth  
is acceptable, the ADXL355 could be used by digitally filtering the output 
to limit the bandwidth to lower frequencies, such that the attenuation of the 
aliased signal is higher than the dynamic range required in the application. 
If the application requires monitoring of vibration tones of amplitude above 
a certain threshold, such that the dynamic range required is 30 dB (±8 g 
to ±8 mg), the bandwidth can be limited to 750 Hz by using a digital filter 
(for example, 4th order Butterworth filter) at the output. If the attenuation 
requirement in the application for aliased signals is larger than the actual 
response in the ADXL355, it is recommended that the ADXL354 be used 
instead. Since the ADXL354 does not possess any internal digital filters,  
it does not exhibit aliasing.

Figure 1. ADXL355 output aliasing vs. frequency due to digital filtering.

Frequency (Hz)

O
ut

p
ut

 N
o

rm
al

iz
ed

 t
o

 D
C

 (d
B

)

0

–10

–20

–30

–35

–5

–15

–25

–40
0 1000 2000 3000

X vs. Applied Frequency

X vs. Measured Frequency

Y vs. Applied Frequency

Y vs. Measured Frequency

Z vs. Applied Frequency

Z vs. Measured Frequency

Visit analog.com

TECHNICAL ARTICLE

 | Share on Twitter  | Share on LinkedIn  | Email

https://www.facebook.com/AnalogDevicesInc
https://twitter.com/adi_news
https://www.youtube.com/user/AnalogDevicesInc
https://www.linkedin.com/company/analog-devices
http://www.analog.com
https://registration.analog.com/login/AccountRegistration.aspx
http://www.analog.com
http://bit.ly/2kKEnXj
http://bit.ly/2kKrKLU
mailto:?subject=Elusive Tones Aliasing Effects in Digital MEMS Accelerometers in Condition Monitoring&body=Check out this Analog Devices technical article http://www.analog.com/media/en/technical-documentation/technical-articles/Elusive-Tones-Aliasing-Effects-in-Digital-MEMS-Accelerometers-in-Condition-Monitoring.pdf.


Analog Devices, Inc. 
Worldwide Headquarters

Analog Devices, Inc. 
One Technology Way 
P.O. Box 9106 
Norwood, MA 02062-9106 
U.S.A. 
Tel: 781.329.4700 
(800.262.5643, U.S.A. only)  
Fax: 781.461.3113

Analog Devices, Inc. 
Europe Headquarters

Analog Devices GmbH 
Otl-Aicher-Str. 60-64
80807 München 
Germany 
Tel: 49.89.76903.0    
Fax: 49.89.76903.157

Analog Devices, Inc. 
Japan Headquarters

Analog Devices, KK 
New Pier Takeshiba 
South Tower Building 
1-16-1 Kaigan, Minato-ku, 
Tokyo, 105-6891 
Japan 
Tel: 813.5402.8200 
Fax: 813.5402.1064

Analog Devices, Inc.  
Asia Pacific Headquarters

Analog Devices 
5F, Sandhill Plaza 
2290 Zuchongzhi Road 
Zhangjiang Hi-Tech Park 
Pudong New District 
Shanghai, China 201203 
Tel: 86.21.2320.8000 
Fax: 86.21.2320.8222

©2017 Analog Devices, Inc. All rights reserved. Trademarks and 
registered trademarks are the property of their respective owners.
Ahead of What’s Possible is a trademark of Analog Devices.
TA15298-0-2/17

analog.com

References
Nandi, S., H. A. Toliyat, and X. Li. “Condition Monitoring and Fault Diagnosis of 
Electrical Motors—A Review.” IEEE Transactions on Energy Conversion, Volume 
20, Number 4, pp. 719–729, December 2005. 

About the Authors
Anthony DeSimone is an applications engineer in the Automation, 
Energy, and Sensor division at Analog Devices,  primarily working 
with inertial sensors. His experience includes mixed-signal hardware 
designs and software development.  He received his MSEE from Tufts 
University.

Dr. Siddharth Tallur is an assistant professor in electrical engineering at 
the Indian Institute of Technology Bombay. He was previously a MEMS 
product applications engineer at Analog Devices.

Online Support 
Community
Engage with the  
Analog Devices technology experts in our online support  
community. Ask your tough design questions, browse FAQs,  
or join a conversation. 

Visit ez.analog.com

http://www.analog.com
http://www.analog.com
http://ez.analog.com
http://ez.analog.com

