Supplement

A Hybrid Deep Learning and Statistical Approach
for Fault Detection and Diagnosis in AGRU Systems:
Integration with Aspen Plus and Explainable Al

Nadia Khan', Syed Ali Ammar Taqvi?*, Maria Wagas?

' Department of Polymer and Petrochemical Engineering, Faculty of Chemical and Process Engineering, NED University
of Engineering and Technology, University Road, 75270 Karachi, Pakistan

2 Department of Chemical Engineering, Faculty of Chemical and Process Engineering, NED University of Engineering
and Technology, University Road, 75270 Karachi, Pakistan

3 Department of Computer and Information Systems Engineering, Faculty of Electrical and Computer Engineering,
NED University of Engineering and Technology, University Road, 75270 Karachi, Pakistan

* Corresponding author, e-mail: aliammar@neduet.edu.pk

Algorithm S1 Hybrid fault detection and diagnosis algorithm

Step 1: Generate fault and fault-free datasets using Aspen Plus for fault analysis.

Step 2: Split the dataset based on selected features (x, to x,,) and fault labels (F, to F).

Step 3: Data preprocessing involves normalizing the dataset.

Step 4: Built an LSTM AE/PCA model to detect the fault using the following steps

Divide the normalized data into normal and fault data sets.

Define the threshold of RE, 72, and SPE using a normal data set.

In the PCA space model, calculate the 72 and SPE values using the faulty dataset.

In the LSTM AE model, calculate RE values using the faulty dataset.

Faults are detected when RE, 72, and SPE exceed their statistical thresholds.

Step 5: Tune the hyperparameters using a random search method (e.g., learning rate, batch size, number of units, dropout rate) for
bidirectional LSTM /GRU models.

Step 6: Select the best hyperparameters based on performance metrics.

Step 7: Perform K-fold cross validation

Set K-folds K =10

Split the dataset into K subsets.

Compute the average performance across all K runs.

Step 8: Train the final model using the entire dataset with the best hyperparameters.

Step 9: Test the model.

Step 10: Performance assessment of the model using Accuracy, Precision, Recall, and F1 score.
Step 11: Apply SHAP for a model explanation and compare it with LIME.



mailto:aliammar@neduet.edu.pk

Sweet Gas Flow (kmol/hr)

Sour Gas Flowrate (kmol/hr)

Amine Flowrate (kmol/hr)

5697.9

5697.8

5697.7

5697.6

5697.5

5697.4

32337

32336

32335

32334

4849.30
4849.25
4849.20
4849.15
4849.10
4849.05
4849.00

w V] v
v o vl
w » n

Rich Amine Temperature (°C)
&
N

G 35.075 -
= § 453
- 35.050 p
8 35.025 2
g3 8 452
(-3 ]
£ 35.000 -
: :
® 34975 F 451
] ]
o B
5 34.950 5
o 45.0
9 34925
0 1000 2000 3000 4000 ] 1000 2000 3000 4000 0 1000 2000 3000 4000
Time Time Time
= 57.15
T 54.006 b
57.10
£ 54.004 g
2 £ 57.05
3 54.002 <
"
$ s4.000 ?57.00
a 7}
@ 53.998 e 3632
o ©
& 53.996 & 56.90
H g
2 53.994 9 56.85
n H
53.992 ¥ 56.80
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time Time Time
= 0.0160 -
g £
- =
] © 4081.9
E 0.0155 E
- -
- X
S E
© o
S 0.0150 8 40818
17} 'S
o
2 2
@ 0.0145 E
£ £ ao817
S F
o
O 0.0140 .;_j_
: 4081.6
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time Time Time
55.4425 1.44
=
8 55.4400 1.42
= -
£ 55.4375 E 140
n o
9 55.4350 e
B g 136
© 55.4325 £
E £ 134
& 55.4300 8
s 1.32
|2 55.4275
o 1.30

o

1000 2000

Time

3000 4000

o

1000 2000

Time

3000 4000

Fig. S1 Normal operation

o

1000 2000

Time

3000 4000




Sour Gas Flowrate (kmol/hr)
[C R BT BT BT BT
3
=]

o

5660

3300

Amine Flowrate (kmol/hr)

_. 4890

N
@
@
=}

4870

) Sweet Gas Flow (kmol/hr
P N
[ T T R T ST}
9 & N N ® @ 2 & 3
o wv o w o w o o o

Rich Amine Temperature (°C
[y
w

g g
& 35.06 Ts4
£ 3504 °
g
£ 3 52
5 3502 ®
t AN o 3 =0
o
|” i 1 E 35.00 g
n 34.98 [T
L] o
Y 3496 £
3 £
S 34.94
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time Time Time
~ 64
= g
54.10 =
g ¢
£ 54.05 262
2 61
@ 54.00 g
a. @ 60
# 53.95 5y
Q 3 59
-
E 53.90 % 58
o
(7]
53.85 257
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time Time Time
0.019
- T 4600
7 £
° °
g 0-018 g 4500
- 2
F =
& 0.017 2 4400
-]
E » 4300
a 0.016 g
E
£ 4200
- 0.015 =
e g
0 &€ 4100
0.014
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time Time Time
5 1.425
8 5555 -
- -—
b
5 55.50 £ 1400
] T
o > 1.375
£ 55.45 [}
o -
o £ 1.350
£ 55.40 ]
£ 5 1.325
< ]
£ 55.35
] 1.300
-3
55.30
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
Time Time Time

Fig. S2 Fault 1 cooler fouling
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Fig. S4 Fault 3 high sour gas flow
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Fig. SS Fault 4 increase in differential pressure
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Fig. S6 Fault 5 loss of amine flow
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Fig. S7 Fault 6 damaged tray






