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Fig.1 Typical faulty patterns of process variables
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Fig.2 Required functions for malfunction diagnosis
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Fig.3 Structure of cultivating system (BIOACS)
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Fig. 4 Causal network of faulty events
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A Model of Fermentation System
(Frames)
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Fig.5 Configuration of knowledge base and inferring
flow

5. pH #I@IcBAR4 2 X153 Fig. 3O pHE V¥~
ZogzRo v ro—-5-TAhYikEmMF (BEEADA
BB VOSERTHS. pHOFZETEHAT 5570
RILBI-DIT, REDNNY — Y BREMOBEHNTIO
HRICFNTO ZhMNLHHOBRICEELLS. 5L,
EESANAEOLEER, BRENTHHICLEIKRAE
BE L% bEREFICITS.

(3) BHEHE (DO) HEMLD L

1% v 2 7 L DOEORBOPR, S, DO FEIICBE

THHYEMEL, BROESPI/EORNICEBLT,

HEHMIEEREDF 29724793 9F47ETS5. DO
(EEIFRXE




RULE# <1>
IF
(EQ (BFGET " #7-43 "4K%E " (0 K)) "CLOSE)

THER

1 PROPOSE
CHANGE TYPE: ADD
EVENT HAME : RN
LEVEL 1 BEKE

ATIRIBUTES : B2MIRAR = ' 7AHYREHTA
<«CF> 0.9

BHRER = "BREZDTR
<«PF> 0.8

FAZPR = " #43M@

Fig.6 An example of production rules for diagnosis
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(GDEFRAHE
‘$-3
"(CLASS (YVALUE (TNDIVIDUAL)))
"(ARO (YLINK (TREH$)))
" (4R (YIF-BEEDED ((@FGET ° k&7 b-WV 'K ' (0 H)))))
"(NC (VIF-HEEDED ((BFGET ' {{¥81-TE 'NC (0 K)))))
"(# 78§/ (YIF-REEDED ((EFGET '{REM-TE "AS "(0 1))
(2 8300 (YIF-HEEDED ((GFGET "HFSR-TE "A O "(0 M)
" (CONKECTED (YLINK (4;-8))))

Fig.7 An example of frames representing an
equipment

(@DEFRAME
it B2 i
"(CLASS (¥VALUE (GEWERIC))) -
' (SUPERC (YLINK (EREmITR)))
“(SUBC (YLINK (B&#I#500) (RS 1 2 T@E0) (BREFA)))
(A€ —¥ (WALUE (" L2225 > THREMNBRICENEATWE T, °)))
" (CORKECTED (YLINK (EGRNIBMA£))))

Fig.8 An example of frames representing a faulty
event

(GDEFRAME
‘A SWHAHMRE]
" (CLASS (YYALUE (GENERIC)))
* (SUPERC (YLINK (7 v ¥4 SBN)))
(X vt —¥ (YVALUE ("ASWS L < i2$-42088MILTWET. °)))
TR (YVALUE (CASNS L< RH-428 ML TTEW. )
* (CONNECTED (YLINK (7 Y ®iFH <))

Fig.9 An example of frames representing a root
cause
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Fig.10 Structure of blackboard
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Fig.11 An executed example of the diagnosing system
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Aiming at supporting research and development of bioproducts, an expert system
for diagnosing malfunctions of bioprocesses was prototyped. At first, malfunctions
in fermentation processes were analyzed, and the functions required for the diagnosing
system are clarified. Next, requirements for the expert system were determined, and
an expert system for diagnosing a control system of fermentation processes was
designed, focusing on process variables. Concerning knowledge representation, hueristic
knowledge for diagnosis was represented by production rules, and the model of a
cultivating system and causality of malfunctions were represented by frames. In
the inference process, while root causes of the malfunction are searched with activa-
ting rule sources, the effects introduced by the root cause were verified by tracing
the frame network representing the causality. This inference made reliable diagnosis
possible. Finally, an expert system was implemented which diagnoses temperature
control system, pH control system, and dissolved -oxygen control system interactively.
Diagnosis of typical malfunctions was tested by the expert system. The results
proved reasonable.
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