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Effects of Activated Sludge Fuzzy Control System on Influent Variations
at Small-Scale Domestic Wastewater Treatment Facility
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Abstract

Effects of activated sludge fuzzy control system on the influent variations were ex-
perimentally investigated at the small-scale domestic wastewater treatment facility. The
results were that, without broad changes of return sludge and air flow rates, the efluent
CODs in fuzzy control showed slight fluctuations in spite of the pulse and the daily
variations of the influent. Therefore, this system could be verified to be effective on
the influent variations. Using the portable telephone and terminal, operational supports
with remote data links were tried in this experiment and the results of fuzzy reasoning
could be surely obtained from the distant place and then their availability and possibility

may be expected in future.

Key Words : activated sludge process, influent variation, fuzzy control, expert system,
small-scale domestic wastewater treatment facility, remote data link
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Fig.1 A schematic of activated sludge process used in this experiment
Table 1  Analytical results of influent and effluent
Organics (mg/L) Nitrogen compounds (mg/L) PO.-P  Surfactant
BOD COD TOC TN Org-N NHeN NO.-N NOo-N ("&/D) (mg/L)
Influent 56.8 28.5 34.3 29.3 1.26 27.7 0.16 0.35 1.16 2.55
Effluent 2.8 5.5 7.3 15.3 1.23 1.8 0.05 12.3 1.72 0.20

All samples were filtrated and measured by standard methods. The above values were
averaged for several analyses.

Table 2  Some examples of rule in activated sludge fuzzy control system

R1 If “inSS=Z0 and inQS*inCOD” then “dQW=MTRX1”

................ MTRX1
R10  If “inSS=NB and inQS=NS and inCOD=MSF” then inQS (1ine) *inCOD (column) =dQW
“dQR=NB NB NB NM NS” NB NS Z0 PS PB
R11  If “inSS=NB and inQS=Z0 and inCOD=MSF” then NB{ PB. PB PM PS 70
“dGR=NB NB NM NS Z0” NS| PB. PM PS Z0 NS
R12  If "inSS=NB and inQS=PS and inCOD=MSF” then Z0| PM PS Z0 NS NM
“dQR=NS 70 PS PM PB” PS{ PS Z0 NS NM NB
................ PB ZO NS NM NB NB

R33  If "inSS=PB and inQ@S=PB and inGOD=MSF” then
“dGA=PS PM PB PB PB”

Symbols: dQW, deviation of waste sludge flow rate (without actual operation): MSF
membership function:; the others, see Fig. 2.
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Fig.2 Representative membership functions of fuzzy control system. Sym-

bols: NB, negative big; NM, negative medium; NS, negative small; Z0

medium; PS, positive small; PM, positive medium; PB, positive big.
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variation in experiment 1

Table 3  Analytical results of constant and fuzzy controls in experiment 1
Constant Fuzzy
Range 10.4~17.0 10.7~16.2
§§ (mg/L) Average 12.3 13.5
C.V." (% 13.5 10.3
Range 3.8~7.4 3.5~6.0
Effluent  COD (mg/L) Average 49 45
CVv." (W 15.4 12.1
pH 6.6~6.8 6.5~7.0
Transparency (cm) =30
MLSS (mg/L) 4752 ~6458 4567~5889
Aeration tank pH 6.6~6.8 6.5~7.0
SVso () 33~40 33~45
Return sludge MLSS (mg/L) 9032~14840  10767~16989
* C.V.: coefficient of variation
Table 4 Evaluations of return sludge and air flow rates before and after a 3-fold

before after

Increase or decrease

A) Return sludge flow rate

a — 3
Fuzzy 2.63m°/hr 5 Tim®/hr

Increase of 117%

(125%) (91%) with variation of 3.08m*/hr
Constant 2.63m*/hr — 7.89m°/hr Increase of 200%
onstan (125%) (125%) with variation of 5.26m*/hr

B) Air flow rate

58.0m*/hr — 89.3m*/hr

Increase of 54%

Fuzzy (27.6-fold) (14.2-fold)  with variation of 31.3m%/hr
Constant 58.0m*/hr — 174m®/hr Increase of 200%
onstant 7 g-fold) (27.6-fold) with variation of 116m®/hr

The numbers in the parentheses correspond to return sludge ratio in A)
and air flow ratio in B), respectively, both with respect to the

influent flow rate.

Table 5 Evaluations of return sludge and air flow rates before and after half

variation in experiment 2

before after Increase or decrease

A) Return sludge flow rate

2.63m*/hr — 2.80m*/hr Increase of 6.5%

Fuzzy

(125%) (233%) with variation of 0.17m*/hr
Constant 2.63m°/hr — 1.50m®/hr Decrease of 43%
(125%) (125%) with variation of 1.13m°/hr

B) Air flow rate

58.0m*/hr — 62.0m*/hr Increase of 6.9%

" Fuzzy

(27.6-fold) (51.7-fold) with variation of 4.0m3/hr
Constant 58.0m*/hr — 33.0m®/hr Decrease of 43%
ns (27.6-fold) (27.6-fold)  with variation of 25.0m®/hr

See Table 4 on the numbers in the parentheses
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Fig.5 Evaluations of return sludge and air flow rates before and after half

variation in experiment 2 experiment 2
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