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Multi-phase batch processes fault detection based on
support vector data description
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Abstract ; Support vector data description (SVDD) has been applied to fault detection of batch processes without any restriction of
process data distribution. However, the SVDD based traditional fault detection method of batch processes just simply divides the phase of
batch processes using cluster analysis and model identification, and leads to rough phase division results which may compromise the
accuracy of fault detection in multi-phase batch processes. To address this issue, a SVDD based fault detection method for multi-phase
batch processes is presented. Firstly, the different phases are divided according to the change of hypersphere radius and support vectors
of SVDD. Then, the SVDD-based fault detection models of different phases are established. Finally, fault detection is achieved by
judging whether the difference between hypersphere radius of corresponding phase and the distance from the sample point to center of
corresponding hypersphere exceeds the control limit. The experimental results of the fed-batch penicillin fermentation process show that
the presented method can achieve phase division of multi-phase batch processes with a better accuracy, and further realize multi-phase
fault detection of batch processes with a higher fault detection rate.
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Table 1 Fault batches description of penicillin process

SRR AR [l R BT
1 B, +5% 90 ~110
2 B, +30% 160 ~ 180
3 ) HE, -20% 160 ~ 180
4 AR B, +5% 320 ~340
5 Bk, +30% 160 ~ 180
6 Wik, +5% 320 ~340
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Table 2 Phase division results of training sample

No. 1 with different parameters using SVDD

SBSH P=4,M=0.8 P=5,M=0.8 P=6,M=0.8
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435 ~ 635 475 ~676 550 ~751
636 ~ 800 677 ~ 800 752 ~ 800
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Fig.5 Phase division results of training sample
No. 1 using SVDD
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Table 3 Online monitoring results of penicillin fermentation process fault batches (%)
kY MKPCA Z B} B B Ao DIS Hijilj =
RIS 2 N y N N N
- SPE 72 SVDD &4 5 s ) SVDD Fisf B i e ) AR ST VR AG I
1 4.76 9.52 47.62 66.67 85.71
2 90.48 85.71 90.47 95.24 100
3 90.48 57.14 61.90 71.43 95.24
4 76.19 0 47.62 66.67 90.48
5 90.48 85.71 100 100 100
6 71.43 0 100 100 100
Sy 70. 64 39.68 74.60 83.34 95.23
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Fig.6  Detection results of No. 1 penicillin fermentation process fault batch using phase-based MKPCA
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process fault batch using the proposed method
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fermentation process training sample using SVDD
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Table 5 Online monitoring results of fault batches chlortetracycline fermentation process (%)
P MKPCA Z2 i} B it P A i ] DIS il z ]
SPE T SVDD B A SVDD H Bl A6 il AR ST VAR AR
48.51 88.56 24.25 89. 66 90.75
2 61.04 90.75 62.62 92.88 92.88
98. 64 98. 64 99.32 97.95 99.32
s 69.40 92.65 62.06 93.50 94.31

N
SPE 4K

Bl 13 SVDD i B 28 K I R et v
EAS RN 45 2R
Fig. 13 Detection results of chlortetracycline fermentation

process fault batch using phased-based SVDD
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Fig. 11  Detection results of No. 1 chlortetracycline a) Kernel distance fault detection diagram

fermentation process fault batch using phase-based MKPCA
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Fig. 12 Detection results of chlortetracycline fermentation Fig. 14 Detection results of No. 1 chlortetracycline

process fault batch using single-phased SVDD fermentation process fault batch using the proposed method
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