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A Multi-ouput Spatio-Temporal Synergistic
Network-Based Soft Sensor Model for Engine Oil
Indicators in Engineering Machinery
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Abstract—Engine oil indicators, such as water content, di-
electric constant, and viscosity, can reflect the oil’s health and
ensure its effectiveness. Measuring these indicators is crucial
for maintaining the stable operation of engineering machinery.
However, engine oil indicators are difficult to measure during
engineering machinery operation. This study proposes a Multi-
ouput Spatio-Temporal synergistic Network (MSTN) soft sensor
model for measuring the engine oil indicators of engineering
machinery. The soft sensor model utilizes a multichannel struc-
ture to predict multiple oil indicators. First, the engine operating
data is used as the process variable and subjected to data
augmentation. Subsequently, the augmented data is fed into
CNN and LSTM models to capture spatio-temporal features.
Finally, self-attention is employed to compute the weights of the
spatio-temporal features extracted from each channel, revealing
the inter-correlations between different quality variables. These
features are then passed through a fully connected layer to predict
the corresponding oil indicators. The effectiveness of the proposed
model has been validated on various engine oil datasets from
different engineering machinery.

Index Terms—Engine oil indicators, engineering machinery,
soft sensors, spatial-temporal synergistic

I. INTRODUCTION

Engine oil is essential for the normal operation of engineer-
ing machinery and has a significant influence on its lifespan,
performance, and dependability. However, with the increase
in engineering machinery operating time, the oil performance
gradually degraded and ultimately lost the engine’s lubrication
and protection. Oil indicators, such as water content, dielec-
tric constant, and viscosity, are crucial criteria for assessing
the degree of oil aging. These indications provide valuable
information about the oil’s health, ensuring its effectiveness
and promoting stable engine performance. Therefore, the mon-
itoring of oil indicators is of great significance for avoiding
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oil failure and safeguarding the operation and maintenance of
construction machinery engines.

There are two main ways to measure oil indicators: one is to
sample the oil offline and send it to the relevant organizations
for analysis, and the other is to install an oil quality sensor
for measurement. The offline sampling method yields high-
accuracy data but suffers from poor timeliness and high
economic costs. In contrast, using oil quality sensors provides
timely data, but sensor installation is inconvenient, and the
accuracy is relatively lower compared to offline sampling.
Many researchers have studied and applied oil quality sensors
due to their advantages [1]. TE Connectivity [2] has developed
an oil quality sensor using tuning fork technology that can
simultaneously measure multiple oil parameters. Researchers
have applied this sensor to monitor engine oil conditions in
engineering machinery. Shi et al. [3] developed a micro-oil
sensor based on impedance analysis that can detect metal
debris, air bubbles, and moisture in oil with high sensitivity.
Although oil sensors have advanced, there are still some
drawbacks. Firstly, oil sensors are expensive, which increases
machinery’s operational and maintenance costs. Secondly,
the addition of oil sensors necessitates modifications to the
machinery, making the installation process difficult.

Soft sensors are mathematical models that use easily mea-
surable process variables as inputs to estimate hard-to-measure
quality variables as outputs. There are three main approaches
to developing soft sensor models: principle-based models,
knowledge-based methods, and data-driven methods [4]. In
recent years, with the development of the deep learning field,
data-driven models have become the mainstream soft sensor
modeling method [5]. Recurrent neural networks such as
RNN [6], LSTM [7], and GRU [8] are widely used in soft
measurement modeling to extract temporal features of data.
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