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Framework rules for control of the sake (Ginjo) making process and their application in fuzzy

control.
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From interviews with Tgji (sake-brewing experts), the following framework rules for the
control of Ginjo morom: fermentation were obtained: If the alcohol-Baumé curve (A-B plot) is
a straight line and if the Baumé Multiplied Day (BMD) values decrease linearly, then the
sake (Ginjo) produced will be of good quality. From an analysis of the data of 25 Ginjo morom:
fermentations based on the above knowledge, framework rules for fuzzy control were con-

structed. Based on the rules, the control period was separated into four stages. Tuning of

the membership functions was done using a simulation proposed by us in the accompanying
paper. The suitability of the fuzzy rules was confirmed by the simulation.
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Table 1.
with Toj: for producing Ginjo sake of good quality
in Ginjo moromi fermentation.

Knowledge obtained from interviews

*A long morom: period is disadvantageous for quality.

*Maintaining a low temperature at the end of the
moromi period is beneficial for quality, especially for
fragrance.

*In the middle of the Ginjo moromi period, temperature
control based on a straight-line A-B plot leads to Ginjo
sake of good quality.

*At the end of the Ginjo moromi period, temperature
control based on a straight-line BMD curve gives
Ginjo sake of good quality.
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Fig. 1. A-B (Alcohol and Baumé) plots of average data

of 25 Ginjo moromi fermentations and 3 arbitrarily
chosen fermentations.
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Fig. 2. BMD curves of average data of 25 Ginjo meromi
fermentations and 3 arbitararily chosen fermenta-
tions.
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Table 2. Control strategies and references.
Period Temperature control Reference
Control region 1 days 1-9 regular increases (0.4°C/d) —
Control region 2 day 10-bouzu increases by fuzzy control

Control region 3 bouzu-Baumé over 2.0

straight line A-B plot

decreases by fuzzy control

Control region 4 Baumé under 2.0

increases or decreases by fuzzy control

straight line BMD curve

“bouzu” means the disappearance of the fermentation foam from the moromi.
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Fig. 4. Control strategy for Ginjo morom: fermentation.
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Production rules for control regions 2, 3 and 4. Notations: B, big; M, medium; S, small; NB, negative

big; NM, negative medium; NS, negative small; ZE, zero; PS, positive small; PM, positive medium; PB,

positive big.
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Table 3. Parameters of membership functions for control regions 2, 3 and 4.
s b
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ADegree —15 15
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. ABMD -2
Control region 4
Temperature 5.0 8.0
nb nm ns ze ps pm pb
Control region 2 — — —_ 0 0.1 0.2 0.3
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Fig. 6. Membership functions for control regions 2 and

3. Notations are the same as those of Fig. 5.
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Fig. 7. Membership functions for control region 4.

Notations are the same as those of Fig. 5.
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Table 4. Comparison of calculated values with the average values of 25 Ginjo morom: fermentations.

Brewing time (d)

10 15 20 25 31 32
calculation 9.3 9.5 7.6 5.9 5.5 5.4
Temperature (°C) measurement 9.3 9.3 7.5 6.1 5.2 5.2
difference 0.0 0.2 0.1 —0.2 0.2 0.2
calculation 5.3 3.2 1.6 0.8 0.2 0.0
Baumé (—) measurement 5.3 3.1 1.7 0.9 0.2 0.1
difference 0.0 0.1 —0.1 —0.1 0.0 —0.1
calculation 6.5 10.4 12.8 14.3 15.5 15.6
Alcohol (%) measurement 5.8 10.7 12.9 14.3 15.3 15.3
difference 0.7 —0.3 —0.1 0.0 0.2 0.3
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