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Hierarchical Monitoring for Multi-unit Chemical Processes

Based on Local-global Correlation Features
JIANG Qing-Chao"? YAN Xue-Feng"?

Abstract A hierarchical process monitoring method based on local-global correlation features is proposed for a
class of multi-unit chemical processes. The process operation status is identified by characterizing the correlation
within a local unit, between units, and between the local unit and the whole process, through which the monitoring
reliability is enhanced. First, based on canonical correlation analysis, individual characteristics and external correla-
tion characteristics of each unit are extracted by introducing correlated variables from neighboring units; Second,
multivariate statistical monitoring models are established for individual characteristics of each unit and external
correlation characteristics of all units; Then, the unit-variable hierarchical contribution plot is established to locate
the fault units and fault variables hierarchically. The effectiveness of the proposed hierarchical monitoring is demon-
strated through applications to the Tennessee Eastman process and a laboratory distillation process.

Key words Local-global correlation feature, multi-unit chemical process, hierarchical process monitoring, fault de-
tection, fault location
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Table 2  Hierarchical monitoring results for the 21 faults in TE process
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1 A/CHEEIHE B A () 0.99 031 0.04 0.77 0.26 0.06 044 0.04 007 1 006 098 017 0.02 023 1 1
2 B, A/C RIS (k) 092 0.02 027 0.95 0.22 0.03 0.92 0.14 0.06 0.99 0.06 0.89 0.99 0.01 0.42 0.98 0.98
3 D IRERHREE (FYEK) 0.01 0.01 0.01 0.32 0.02 0.00 0.14 0.01 0.00 020 0 0.01 0 0.01 0.09 0.01 0.02
4 SRBLEEAFRN TR EE (k) 0.02 001 0.02 025 075 1 012 000001 021 0 001 0 000 0.0l 0.030.06
5 VRV KN IR EE (FYER) 0.16 0.03 0.04 0.99 0.09 0.03 023 0.01 002 1 0.00 0.19 0.07 0.00 0.13 0.22 0.18
6 A BERMRZK (FER) 099 091 1 1 098 096 0.98 0.82 0.98 0.99 0.96 0.97 0.99 0.92 0.99 0.99 0.99
7 C fRLEEIIBUR (MEK) 098 1 087 098 022009 038 003004 076 001 022 0.24 001 027 1 0.98
8 A. B. C BRIy (BEHL) 0.78 0.10 0.16 0.97 048 0.13 0.90 0.03 0.35 0.94 0.11 0.68 0.87 0.02 0.61 0.97 0.89
9 D FRERHEEE (BEML) 0.00 0.01 0.01 0.27 0.02 0.01 0.14 0.01 001 0.16 O 0.01 0 0.0 0.02 0.01 0.02
10 C Wt RHRE (BEHL) 0.08 0.02 0.02 0.43 0.04 0.02 0.33 0.01 0.00 0.46 0.00 0.81 0.07 0.00 0.10 0.29 0.13
11 SRS EHIRN TR EE (BAL) 0.11 0.01 0.01 0.39 0.61 0.70 0.17 0.01 0.01 0.42 0.00 0.05 0 0.1 0.02 0.20 0.27
12 BB HIKN RS (BEAL) 0.74 022 0.25 0.95 0.60 0.29 0.94 0.28 0.65 0.96 0.06 0.89 0.34 0.03 0.83 0.96 0.91
13 SRIENZS (18 h2) 0.77 0.19 030 0.92 0.72 0.39 0.89 0.10 0.48 0.95 0.24 0.86 0.85 0.03 0.89 0.94 0.95
14 SR ER Y ZIK IR () 0.75 0.01 0.00 1 097 0.12 0.36 0.07 0.01 0.88 0.01 0.01 0.04 001 001 1 1
15 o BEAR A HIZK IR CRb¥T ) 0.01 0.01 0.01 0.29 0.02 0.01 0.18 0.00 0.01 0.23 0 0.03 0.00 0.00 0.03 0.02 0.06
16 FH 0.03 0.02 0.01 0.37 0.03 0.01 0.26 0.00 0.00 040 0 0.85 0.03 0.0l 0.05 0.15 0.1
17 FN i) 0.64 0.02 0.01 0.95 0.94 044 035 0.04 0.02 0.76 0.00 0.22 0.03 0.01 0.03 0.84 0.85
18 el 0.88 0.82 0.83 0.92 0.87 0.79 0.91 0.12 0.87 0.90 0.75 0.88 0.80 0.71 0.85 0.88 0.88
19 FH 0.01 0.02 0.01 0.24 0.08 0.01 014 0.01 001 016 0 012 001 032 0.66 0.01 0.03
20 FN i) 0.03 0.02 0.0 0.61 0.02 0.01 038 0.05 039 081 0.00 0.23 047 0.01 0.89 0.32 0.43
21 4 FETE E RS AL B 0.0l 0.00 0.00 0.66 0.44 0.01 0.87 0.00 0.0 0.73 0.00 0.45 0.31 0.00 0.02 0.41 0.84
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