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In recent automated manufacturing systems, compressed air-based pneumatic cylinders have been widely used for basic perpetra-
tion including picking up and moving a target object. They are relatively categorized as small machines, but many linear or
rotary cylinders play an important role in discrete manufacturing systems. Therefore, sudden operation stop or interruption due
to a fault occurrence in pneumatic cylinders leads to a decrease in repair costs and production and even threatens the safety
of workers. In this regard, this study proposed a fault detection technique by developing a time-variant deep learning model
from multivariate sensor data analysis for estimating a current health state as four levels. In addition, it aims to establish a
real-time fault detection system that allows workers to immediately identify and manage the cylinder’s status in either an actual
shop floor or a remote management situation. To validate and verify the performance of the proposed system, we collected multi-
variate sensor signals from a rotary cylinder and it was successful in detecting the health state of the pneumatic cylinder with
four severity levels. Furthermore, the optimal sensor location and signal type were analyzed through statistical inferences.
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<Figure 1> Used Pneumatic Cylinder and the Three

Attached Multivariate Sensors (1,

2 and 3)
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Data Collection

<Table 1> Example of the Collected Datasets with a Total
of 28 Sensor Signals

Time 14:43:58 14:43:59 14:44:57
Acc x0 1.00 1.00 1.00
Acc y0 -0.02 -0.02 -0.03
Acc_z0 -0.00 -0.02 -0.01
Mag_x0 -4.57 -13.82 -5.14
Mag_y0 -49.43 10.40 -51.27
Mag_z0 -60.81 0.74 0.12

Roll0 -98.42 -87.83 -114.87

Pitch0 -88.59 -88.06 -88.28

Yaw0 179.25 -101.24 -105.67

Roll2 -179.55 -179.53 -179.34

Pitch2 0.22 0.19 -0.00

Yaw2 179.69 179.70 -90.22

* Acc_X, y, z: Acceleration signals in x, y, z direction

* Mag_x, y, z: Magnetic field signals in x, y, z direction

* Roll, Pitch, Yaw: Angular velocity in roll, pitch, yaw direction

* The number written behind the sensor signal type(0, 1, 2): The
location index of the attached sensors
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<Table 3> Confusion Matrix of the Fault Detection in a Training Phase

Actual health state
Normal Symptom 1 Symptom 2 Fault
Normal 1938 10 0 0
Predictive Symptom 1 27 2000 2 0
health state Symptom 2 7 10 2057 3
Fault 8 28 1 2102
<Table 4> Confusion Matrix of the Fault Detection in a Test Phase
Actual health state
Normal Symptom 1 Symptom 2 Fault
Normal 634 5 0 0
Predictive Symptom 1 12 631 0 0
health state Symptom 2 3 638 0
Fault 2 0 627
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<Table 6> Fault Detection Performance According to the Location of Sensor Installation and Sensor Signal Type
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Location of sensor installation
Location 1 Location 2 Location 3
70.6% 52.3% 55.1%
Acceleration 70.9% 51.3% 53.5%
69.5% 52.0% 54.7%
94.2% 89.0% 92.2%
Signal type Magnetic field 93.3% 91.2% 91.5%
91.0% 92.3% 90.6%
98.0% 91.4% 90.4%
1\?352}?; 97.5% 89.9% 92.1%
97.6% 89.7% 91.2%
of WHE %S F8) <Table 6>} 22 A3 HloJE|E IS
o} 29 B4R (Two-way analysis of variance(ANOVA)) Mﬂ:y( :
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<Table 7> ANOVA Result: Fault Detection According to the
Location of Sensor Installation and Sensor Signal

Type
df SS MS F-value p-value
Location 2 452.0 226.0 217.6 0.000
Type 2 6748.9 33744 3249.3 0.000
Location:Type 4 251.6 62.9 60.6 0.000
Error 18 18.7 1.0 - -

<Figure 5> Tukey-HSD Result: Fault Detection

Performance According to the Location of
Sensor Installation and Sensor Signal Type
(Red Circle Indicates the Highest Accuracy)
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<Figure 7> Developed GUI Interface for Applying the

Proposed Fault Detection Model in Remote

Management Situation
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