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A Plant Control Expert System
to Cope with Unforeseen Situations
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(* Research & Development Center, Toshiba Corp.)
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In order to reduce labor and careless mistakes in plant control operations,
supervisory control systems using expert sysltem  lechnologies have been
developed. These control systems can handle foreseen sitvations, however, due
to a lack of the appropriate control rules, they cannot handle unforeseen
situations. Up until now, such situations have had to be handled by skilled
operators. To overcome such unforeseen situations, the authors have developed
model—based reasoning technologies, such as diagnosis with qualitative causal
model, knowledge compiler gencrating control knowledge from plant models
(structure, function and general rules}) and fuzzy qualitative reasoning. This
paper proposes an overall system concept and architecture which integrates
these technologies. This system was developed by first observing how skilled
operators handle unforeseen situations, and then emulating such actions. This
paper highlights the importance of predicting and monitoring the results of
applying generated control rules to the plant, and re—generating new control
rules in the case that the unforeseen sitnation ecould not be restored to a
normal situation. The proposed architecture has been successlully  applied to
an experimental thermal power plant control system.

Key Words: expert system, model-based reasoning, plant control, unforeseen
situation, thermal power plant
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Fig.6 Device model of a pump
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Fig.5 Thermal power plant eonfiguration
r: an_p < {{+:p_cnd}h{-=} 17: m_gas <- {{+:p_gas g_lk},{-:g_out,.p_cnd}}
rd; p_end <- {{+.p_gas.p_sat) (-} re: t_cnd < {{+:g_cndih_cndi},{-:g_lk,d_cp,h_cp,h}}

rd; p_gas < {{+:m_gas,|_cp,t_cnd} (-]} rit g_lk < {{+:g_cndi},{-~:p_cnd)}
i p_sat < {{+1t_cnd},{-:}}

{a)Constraints

condenser

{b)Qualitative causal nctwork

Fig.7 Qualitative causal muoadel
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(a} Block diagram of deaerator level control

mious (ml, I} add (g, ek, ic)
add (e, 10, ml) minus (mgh, gb)
coef (ek, k0, e) add (gd, qc, mgh)
coef (et, t0_inv, ek) coef (qt, tl_inv,qd)
integ (ic, icl, et) integ (1, 10, gt)

{(b) Qualitative Model

=dd (W, X, ¥} WeX+¥

X
[‘,“:\\ P z N
F P P z P : Positive
z P z N Z:Zro
- N : Negatlve
N Z N N
Raules
add1l TF X is Pond Yis P THEN W &= P
pddl IF X s Pood Yis Z THEN W is P
(e} Consirabais Rules
N z P
10
e <10 =10 [111] Lo 0

{d) Membership Funciion

Fig.8 Furzy Qualitative modcl
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{2)Predicted and actual plant behavior
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(b)Fault diagnosis
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(c)A generation operation rule

Fig.9 Operation sequences recovering an unforeseen sitwation



