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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

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.



(19)国家知识产权局

(12)发明专利申请

(10)申请公布号 

(43)申请公布日 

(21)申请号 202211607063.4

(22)申请日 2022.12.14

(71)申请人 宁波飞拓电器有限公司

地址 315324 浙江省宁波市慈溪市周巷镇

企业路546号

(72)发明人 杜明　曹伟伟　魏金泽　杨秦敏　

葛泉波　

(74)专利代理机构 杭州奥创知识产权代理有限

公司 33272

专利代理师 王佳健

(51)Int.Cl.

H05B 47/105(2020.01)

G06F 18/25(2023.01)

A62C 37/36(2006.01)

A62C 27/00(2006.01)

H05B 47/155(2020.01)

H05B 47/175(2020.01)

H05B 47/165(2020.01)

H05B 45/10(2020.01)

 

(54)发明名称

一种智能评估预防火灾的消防应急灯系统

(57)摘要

本发明公开了一种智能评估预防火灾的消

防应急灯系统，该系统包括消防应急灯、云端服

务器和消防机器人。消防应急灯包括LED灯珠、消

防应急箱以及灯罩后面的电路板，电路板上包括

微处理器、温度传感器、烟雾传感器、氧气浓度传

感器、一氧化碳浓度传感器、电源管理模块、通信

模块以及音频输出模块。其中微处理器与各类传

感器、音频输出模块以及通信模块连接；电源管

理模块与市电、微处理器和LED照明灯珠连接；消

防应急箱部署在应急灯下方；消防机器人部署在

所在场所的消防栓旁。本发明可以快速把火势扼

杀，防止造成严重的经济损失和人员伤亡；在火

势较小的情况下，无需或只需较少的人员即可完

成灭火。
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(54)发明名称

一种装载机机油酸值测量方法

(57)摘要

本发明公开一种装载机机油酸值测量方法，

具体流程包括：收集发动机的机油温度、发动机

转速、发动机实际输出扭矩、燃油量、机油压力、

发动机累计运行时间的数据，根据训练好的机油

酸值时序特征提取模型和机油酸值空间特征提

取模型分别计算得到机油时序特征和机油空间

特征，再通过数据融合算法将时序特征数据与空

间特征数据进行数据融合，得到最终预测机油酸

值。本发明机油酸值预测网络模型提取了机油酸

值时序特征和空间特征，既考虑到机油酸值变化

的动态性也考虑了输入变量之间的空间自相关

性，该网络架构适用于软测量之间的建模，预测

准确度高。
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