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Abstract: Batch processes are characterized by strong temporal correlations among process variables, time-varying
operating states, and weak incipient fault signals. Traditional dynamic reconstruction principal component analysis
(DRPCA) employs a static reconstruction matrix, making it difficult to track changes in dynamic characteristics
across different operating phases. Moreover, linear PCA has limited capability to represent incremental matrices,
resulting in insufficient sensitivity to minor and incipient faults, as well as delayed detection and missed alarms. To
address these problems, an LSTM-based adaptive dynamic reconstruction principal component analysis method,
termed LADRPCA, is proposed for process monitoring. First, an LSTM network is employed to model sliding-
window time—series data and capture the long— and short—term temporal correlations among process variables.
Then, the Cayley transform is used to generate time-varying reconstruction matrices satisfying orthogonality

constraints, enabling the model to adaptively track changes in process states. Finally, an autoencoder is
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incorporated into the PCA statistical monitoring framework to extract features from incremental matrices, and its

reconstruction error is used to enhance the sensitivity to incipient weak faults. Experimental results obtained from a

three—tank process and a penicillin fermentation process demonstrate that LADRPCA can reduce fault detection

delays, improve fault detection rates, and maintain good sensitivity and stability to incipient faults at a low false

alarm rate, indicating its potential for process monitoring applications.

Keywords: principal component analysis; batchwise; process monitoring; long—short term memory; autoencoder;
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Fig.5 System diagram of three water tanks
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Table 1 Monitoring Variables W 1LV2 ; Fault3 7658 1604~ RAE s R HT I LV Al
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Table 2 Fault settings of the three—tank process
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Fault2 LV2 KA 2 SR I T 5 1K A 2 AN A , T30 52 3 o /K TR 45 6 R B A2 160
Fault3 LVI.LV2 KA 1 AKAR 2 5B HE R IR IT 5, 51 R 22 2K A R A B 32 e i o 2 A b I i 160
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Ry 7 T VR AN [R5 AE = KA R R b Y
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FDR FIFAR 258 . Z545 = Fhill 5 w] 41, LADRPCA
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DRPCA #f kb, LADRPCA [ F-) FDR $2 /5 3.23 ™~ H
5305, P2 FAR BEAIK 0.60 > H 43w, AHXT B2 i 24 4
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Table 3 Fault monitoring results of different methods for the three—tank process

DiPCA DEDPCA HMM AE DRPCA LADRPCA
i FAR FDR FAR FDR FAR FAR FDR FAR FDR FAR FDR
Faultl 2.15 86.62 1.87 89.44 2.31 84.72 2.08 88.33 1.42 92.27 0.86 96.76
Fault2 2.26 88.59 1.94 91.43 2.41 86.46 2.13 89.51 1.48 94.29 0.89 96.82
Fault3 2.43 89.57 2.06 91.27 2.58 87.43 227 90.29 1.61 95.61 0.97 98.27
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A7 I Bt 388 3 7K A 22 TR A B G 2R 5 M 3 B2 I
i MARABIKAE WAL, EAT B ) R Ry 1) R 4835
ALRE ORI, R IR 2 RE 53 4T M K 6
AN T 7 X8 Joy S Tt s i e 2l 2 A% B AR LA A R
5 S8 1 W

6 AT LA Y, 7RO & AL T, 45 ik 1 ]
St SR AL TR N AR BR DA DY, 3R B S Y
DRI RS AF H A R E H B 1IR3 16045k
FES G A Fault2 J5 , £ 7 8 1 Se it i 35 th A R 72
FE A L EUTE e 07 o B PR S M N R AR
fie 11T EAFAE ] 22 5% . DiPCA .DEDPCA Fl HMM
XT3 (%) e g R XS i J 5 4 4 o A R 0 B AT
BN E T B AP B 05 0], 77 i A IR B8 FRAN
HELLING s AR REGE X R 5 | S ) 728 4k 7 Az i iy, {5
B SR P R 5% 2 X LA 78 43 20 1) A2 e 2 ) Y B A
fERE 2 . DRPCA 3 o8 $2 U 48 R AL B 21 =2 [R] 1

SNAAE B R TR I R AR H R TR
S TG [, L0 T A ) 30 1 S R AR
EPEAAZ 8 — 2 Rl . #H L2, LADRPCA 7£
W % A I BE % DR 9 B B R R SR G PR
B[] Bl 2B T 08 BT I Sl A XA/ ) | 10 B
FLREAE AT AU X 40 1 8 B B A8 b 5l 5 | ke 1) sl 2
. kg R E W, LSTM-Cayley i 2% 1F 22 Hi 44
ML IG5 T B i A 2l AR A i BRERRE T, B 4
it 25 T A 15 2 D) i — 2D it e T R RIS S
U
34 BEEZLAEIRE

TR R K B R LR e B AR B 2
Bt SR AR RS U mITEHE R TR A
M5 e . AN SCIE R 5E [ Tllinois N 57 B T 2 B
W B 5 R & B B ) BF- 65 Pensim?2.0
SR AT AP B AR AT 5 15 21 114 B) ot 7 A s
O 215 2 E PR LA A o] o BR T AT AR AL I R
AN 2B |, Pensim2.0 36 BT L3 53 1 B fif 2k
U5 A e T Gy N2 1 %) s T 45 1) 5 o 50 4 T
I 24 R A 7 0 A T AR R A0 A I R R )
b S B 7 A R B O SO TN K R A
5o ARSCNZT G HRAER 18 478 i BEH 10 M
WA UL R W 4 PR

P2 BRI IR SN 5[] 7 400 h, SRAEEIBE 0.5 h,
FEHE VR R A 55 500CR 800, MR A 30 it vk 1E # 544
TR @R ARG REARS . LRI E, 7
B 3 S MRS SRR AT I0 3 < 0 A R )
S0 R g ok B = B N A 1 N WL - RE SN
BF 20 R 55 180 SR AE AU RN 55 320 SR A S5 A 7 5, B
i R T 5 0 0 R I e PP AL L gk s
FIER .
35 JBAEENER

9 56 UF I3 LADRPCA 77 4 78 AN [v] i [ 2 70 A
W BE & AR B BER B WS I M BE , & B DIPCA
DEDPCA .HMM ,AE HI DRPCA /E I XF L 5. Fr
Ty 2 352K FAR R A I SR8 R Ut ok S ARy



<12 e T iR XX

P H P H K3

'E PTISIHR WS
H — e ]
100 i L P 1 I
50 100 150 200 250 300
RFE
(b) DEDPCA
4 4

o i T (e ! (] L i T wWiZ ! [ E]

L L L n n
50 100 150 200 250 300

r— ;:E ------ :;‘i;)kﬂﬂﬂl . Te— ;:E ------ :;‘i;)kﬂﬂﬂl
: : 10 5‘0 ‘H;H] IISD 2&0 2;0 300
REE REE
(¢) DRPCA (f) LADRPCA
K6 2577k g
Fig.6 Monitoring results of various methods
x4 BETE x5 BFTEREREIEM 6N HERX
Table 4 Monitoring variables Table 5 Six faulty batches in the penicillin fermentation
TR BRATK process
1 wA AR 453 TR FIAREER
2 ERESSLEN Fault] W AHA(L/h) 180
3 SR HER R Fault2 W AHAE(L/h) 320
4 JEY R Fault3 it R (e/min) 180
5 T g Fault4 BEPE A (/min) 320
6 AR (DO)YREE Faults JEE I BERLE A (L/h) 180
7 AL Fault6 JEE W BERLAA(L/h) 320
8 A
0 oH #J¥DR 4 95.24% , V-3 FAR 73 0.91%; DRPCA 1}
10 SRR ¥J FDR 24 90.45% , *F- ¥ FAR 4 1.63%. 5 DRPCA
B HIE , LADRPCA 9 F- 35 FDR $2 55 4.79 4~ 1 43 £, °F
P, RAR IR INR 6 o FJ FAR WEA 073 /4~ F7 43 40 AR X R 20 44.4%
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Table 6 Fault statistics using different methods
DiPCA DEDPCA HMM AE DRPCA LADRPCA
e FAR FDR FAR FDR FAR FDR FAR FDR FAR FDR FAR FDR
Faultl 1.81 87.93 1.94 89.61 1.88 91.77 1.84 84.92 1.43 91.35 0.72 96.13
Fault2 2.16 89.12 1.76 91.08 2.31 87.21 2.47 80.16 1.38 89.54 0.97 94.22
Fault3 1.72 92.62 2.26 88.69 2.25 89.46 1.92 82.53 2.11 92.56 0.98 97.61
Fauli4 1.95 86.74 2.13 88.53 2.09 90.38 1.63 83.47 1.74 88.61 1.29 91.25
Fault5 2.08 90.87 1.58 92.72 1.49 85.65 1.97 81.89 1.25 87.09 0.85 95.77
Fault6 3.71 90.05 2.39 81.67 2.28 71.46 3.16 73.33 1.88 93.54 0.63 96.46
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Fig.7 Monitoring results of various methods
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