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Table 2.1 Measurement items 

No. Items Units 

1 P1 pump pressure [MPa] 

2 P2 pump pressure [MPa] 

3 Boom pilot pressure [MPa] 

4 Arm pilot pressure [MPa] 

5 Bucket pilot pressure [MPa] 

6 Swing pilot pressure [MPa] 

7 Boom cylinder head pressure [MPa] 

8 Boom cylinder rod pressure [MPa] 

9 Arm cylinder head pressure [MPa] 

10 Arm cylinder rod pressure [MPa] 

11 Bucket cylinder head pressure [MPa] 

12 Bucket cylinder rod pressure [MPa] 

13 Boom cylinder head velocity [mm/s] 

14 Boom cylinder rod velocity [mm/s] 

15 Arm cylinder head velocity [mm/s] 

16 Arm cylinder rod velocity [mm/s] 

17 Bucket cylinder head velocity [mm/s] 

18 Bucket cylinder rod velocity [mm/s] 

19 Swing left rotation velocity [rpm] 

20 Swing right rotation velocity [rpm] 















Table 2.2 Sensor data list 

Notation Sensor 

x_1 Boom cylinder H 

x_2 Boom cylinder R 

x_3 Arm cylinder H 

x_4 Arm cylinder R 

x_5 Bucket cylinder H 

x_6 Bucket cylinder R 

x_7 Boom up Pi 

x_8 Boom down Pi 

x_9 Arm pull Pi 

x_10 Arm push Pi 

x_11 Bucket dig Pi 

x_12 Bucket open Pi 

x_13 Boom stroke 

x_14 Arm stroke 

x_15 Bucket stroke 

x_16 Swing angle 

x_17 Swing velocity 

x_18 Swing right Pi 

x_19 Swing left Pi 













Operation Sensor (no particular order) 

Dig x_4 x_11 x_18 

Lift x_9 x_18 

Dump x_5 x_6 x_8 x_12 

Reposition x_2 
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Fig. 3.9: Hydraulic circuit (hydraulic cylinder circuit) 
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Fig. 3.10: Hydraulic circuit (regenerative circuit) 
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Fig. 3.11: Hydraulic circuit (hydraulic motor relief circuit) 
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Fig. 4.1: Failure Prediction System 



Fig. 4.2: Hydraulic Circuit (Traveling operation) 
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Table 4.1: Input and output variables. 

input/output classification variables items 

Input 

pressure 
distribution 

O1 low pressure 
O2 middle pressure 
O3 high pressure 
O4 ultra-high pressure 

torque 
distribution 

O5 torque T1 
O6 torque T2 
O7 torque T3 
O8 torque T4 
O9 torque T5 
O10 torque T6 

operation 
time 

O11 digging time 
O12 traveling time 
O13 idle time 

Output failure 
or normal 

t1 failure 
t0 normal 



Table 4.2: Overview of operation data. 

 values unit 
sample data 501,903 data 

machine 1,526 unit 
sampling 1 per a day 

input variable 13 variable 

Table 4.3: Training data and test data. 

 normal failure 
training data 281 325 

test data 1,163 85 



Table 4.4: Hyper parameters. 

 values 
hidden layer 1 
learning rate 0.3 
Momentum 0.2 
batch size 100 

training time 6,000 



Fig. 4.3: Accuracy (training data) 

 

Table 4.5: Confusion matrix (nodes = 18). 

 prediction 
failure normal 

actual failure 325 0 
normal 0 281 

 



Table 4.6: Evaluation values (test data). 

 nodes = 18 nodes = 6 
accuracy 81.9 [%] 78.6 [%] 

recall rate 64.7 [%] 83.5 [%] 
precision rate 21.9 [%] 21.9 [%] 

false detection rate 16.9 [%] 21.8 [%] 

Fig. 4.4: Number of FN and FP 



Table 4.7: Evaluation values (test data). 

 Logistic DNN SVM 
accuracy 73.1 [%] 83.0 [%] 70.3 [%] 

recall rate 88.2 [%] 88.2 [%] 76.5 [%] 
precision rate 18.7 [%] 27.1 [%] 15.6 [%] 

false detection rate 28.0 [%] 17.4 [%] 30.2 [%] 



Fig. 4.5: Comparison of machine learning models 
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