
Feasibility of Low-cost Vibration Monitoring for Ground Vehicles
Abu Islam1, Matthew R. Sullivan2, Sean P. McConky3, Michael G. Thurston4, Adam M. Agosti5, and Nenad G. Nenadic6

1,2,3,4,5,6 Rochester Institute of Technology, Rochester, NY, 14623, USA
asigis@rit.edu mrsgis@rit.edu spm9605@rit.edu mgtasp@rit.edu

amagis@rit.edu nxnasp@rit.edu

ABSTRACT

This paper reports empirical investigation for the feasibil-
ity of micro-electromechanical systems (MEMS) sensors, ac-
celerometers and microphones, for prognostic health man-
agement(PHM) application in monitoring of ground vehicles
on the use case of diesel engine monitoring. The failure mode
was injector leakage with four seeded levels of damage. MEMS
and piezoelectric accelerometers were mounted in close prox-
imity, following the usual good practices of sensor place-
ment to enable fair comparisons. The process of computing
both engineered and data-driven condition indicators was re-
peated for the data captured by the type of sensors. In ad-
dition to the empirical study, the article includes elementary
economic analysis to compare the cost of the MEMS-based
solution to that of the traditional vibration data acquisition
channel. The results suggest that data-driven models seem
to be agnostic to the sensor source, but feature engineering
may require additional tuning.Also, economic analysis will
show that MEMS-based sensing could cheaper than piezo-
based sensing for low-cost health and usage monitoring sys-
tems(HUMS).

1. INTRODUCTION

Adding a complete vehicle HUMS can be costly, however
with many ground vehicles, the lack of condition and usage
data limits the feasibility of implementing predictive and pre-
ventative maintenance. Also, in the lack of this data, the op-
portunities presented by advanced analytics cannot be tapped.
HUMS applications have been deployed traditionally on air
vehicles, such as fix-wing aircraft and rotor craft (Gordon,
1991; Ellerbrock, Shanthakumaran, & Halmos, 1999). Ground
vehicles are generally not equipped with HUMS because HUMS
adds cost and complexity (with potential decrease in reliabil-
ity), but it has been explored in various research and demon-
stration studies, e.g. (Heine & Barker, 2007). A scalable
HUMS system architecture with short distance wireless net-
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working can facilitate solutions for different vehicle platforms
that are based on a common technology footprint.

Employing MEMS sensors in PHM is not new (Lee, 2011;
Bechhoefer, Wadham-Gagnon, & Boucher, 2012), but only
relatively recently low-cost high-frequency MEMS sensors
became commercially available. The potential of lower-cost
MEMS sensors have been grabbing the attention of PHM re-
searchers: instrumenting planetary gearbox with MEMS ac-
celerometers (Mones et al., 2017); showing the promised of
use piezoelectric MEMS accelerometers for PHM in indus-
trial applications (Xuewen Gong, Wu, Liao, & Gong, 2020);
and investigating fault detection using capacitive MEMS ac-
celerometer array (Watson & Reichard, 2021). The feasibility
of using microphones for Engine diagnostics has been dis-
cussed by (Mathew & Zhang, 2020).

In addition to being lower cost, MEMS sensor have the poten-
tial to further reduce the cost as the manufacturing improves.
With low-impedance output, they are easier to integrate into
data acquisition (DAQ) systems because they do not require
charge amplifiers. Although MEMS sensors need power sup-
ply, each power supply can support multiple sensors. Easier
integration and the absence of the charge amplifier not only
reduce the cost of the system, but increased simplicity typi-
cally improves overall reliability of the monitoring system.

2. EXPERIMENT DESCRIPTION

Vibration and acoustic monitoring systems were employed to
detect changes in performance of a 6 cylinder diesel engine
across varying levels of seeded failure of a diesel injector nee-
dle valve. The damage was induced by grinding a flat on the
sealing face of a fuel injector needle valve as shown in Fig-
ure 1. The failure mode causes additional fuel to leak into the
cylinder across the entire compression cycle. In an effort to
detect the progression of the failure, the data was collected
across a series of baseline runs with new injectors, followed
by replacement of a single injector in cylinder 2 with injectors
with 4 progressively larger leak values, subsequently labeled
Damage Level 1 (DL1) through Damage Level 4 (DL4). The
specific flow rates of each injector including the healthy in-
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