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Control of the Dissolved Oxygen Concentration in the Aeration
Using Genetic Algorithms
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Abstract - It is the time-varying dissolved
oxygen (DO) dynamics that requires controlling
for maintaining the DO concentration in the
aeration tank. Many linear controllers have
thus been applied. Because of the nonlinearity
of the oxygen transfer function together with
the time-varying respiration rate, however, the
linear controllers are found to poorly perform in
many cases. To overcome this limitation, a
number of advanced controlling techniques have
been developed and applied.

In this study, designed GA-Pl Controller
using genetic algorithm(GA). Genetic algorithms
(GAs) are search algorithms based on the
mechanics of natural selection and natural
genetics. As result of computer simulation,
GA-PI controller shows the better control
performance especially under the condition of
the continuously changing DO set-point. This
result represents that GA-PIl controller can be
a good measure to control the DO concentration
in the SBR process which requires the
sequential DO set-point change to accomplish
the nitrification and denitrification in a single
reactor.
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€ oH 7IgEE UTNE HEAH AN A&,
AAZ AHeFdo] MMHD 6o AREHILS
HAFs A0S0 ¥¥HR 3o}

HeAE AFAN Zeg AEEd HEANRZoR
fFriEe A¥EREY 2 dFd % A R
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DOE uREe 4E%a A Audsse gz
A FelF ME2A Qe 4T 240 Spyi iy
17he] Z)zo) ta) EA5ANE A9 Tg A (1)
3} 2},

dthO OTR— 0UR——(1+r)Do+%Dom 58
o714 DOE ZAFZWe £&44 F¥=(mg/!), Fe

%‘ﬂ = 3‘“1‘—4 % (m'/hr), V“ Z71ze AF (),
re 89 ¥igH], DOnd FYsH= #Hege &
?‘E/}}i %EC’]C}. 9 AeM A 3 OTR(oxyeen
transfer rate)< Z7] AlAde) 2l3|A 7]“«] g §
Aoz AZEH e Fxojtt. AA I3 YA g2 S
Al Ed5A] o)t}

OUR(oxygen uptake rate)e mAE2 #7]8 A
22 2% mixed liquordielA e DO A¥I&EEEXN v
Age vg 24 &5 afla AEETY BEH &
22 odeix 9ot YWEoE OURE WAZ 2%(X)
& v g E] AME§ (KX)ol v, & A AHERE

(ux-X)8 UlAES AME £E(Xq-X)8 #oz Al
ot
OUR=1vys  py X+ 7. - Xg- X (2)

OURE Eolew #7189 F%, #%, vAEY ¥
g, DO #Xxo wg AA ¥ W Ro FEuic A&
Hog Wam FHe g¥ez FL3t, OURS
respirometer®2 A3 &3¢ + glovy, FHFI A
EEN d= 3, DOY AF 3 AF D NS AF A
ojo] HgaA 2Y = Ut

OTRE o] T 7|0 o2ie Aar g volgo]
= 58& Jegilz A4 AEA S (oxygen transfer
coefficient, Kpa)®t T3 £F349 A £&F344
¥x9 ZHDOsx - DOYY 52 FHH.
OTR=K;a(DO,;— DO) (3)

Kiat 33AA Z71839 3z2A F7%,
A=, &%, pH, #HF9 BAd dgE wesd. olF
229 7% (air flow rate, AFR)S dge] 714 2
o 1A &x9 Kraol dd e 29 & (4)9
2t
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Kia(T) =K. a(20) @~ 7P (4)

471 Kra(T)e FolA &% TolAe Kraoli,
Kra(20)& 20ToAM Kiaol: & 1.01e14 1.037
Atole] Adeolth. KrLa(20), € 2 #4 Nz FHn
o 92 AF@eltt. 271%F0] Kead #lAe 4% A
F 4, vy #3458 N8 P2 vdehg £ ey,
dutdog Moz FPEM,

KLa=K0+KaUair (5)

Agtd oz AAHA AE7] P Koe KaUair Foll
Hlg)] o) 27| o Fo FALEG. F2 P O IFL
27] el 7z Ae YEe 4o Hady F
71 YA step WHE 2 L AN wE &
242 FEE 2 IR FHA Az R F
22159 el nonlinear fittinge & Kra® 271%9
BAE FIY. Kiae A&Hoz Wzsly] Y 3
7NAe g A A Folof T}

OUR¥ OTRY F4& €3 DO EA+A4d dd
s o2 4 (6)~(8)F} zr}

%}‘O= KQ(DOMI—'DO)“*'Ka' Uair(Dom;_DO) (6)
— OUR-M(1+7»DO+M- DO,,
Bl WS X-MA+AS+M-S, (D

dX
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_FE
M=
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AFE Ao Alx"le o9 7x), &3 L9 o3,
3 W49 AN, 23 AR Zok Jga Ao A
A 59 o8 /A 8L i3z Ut A Fee g2
3 AT 2% ¥Eo] AW, P Ao FJzEe
28 & Utk ol& BE9 Fde B3 tEdd/g
23 ArlE F4T Faglol, d9 AEE A/E
of o3 diAl AR 4 k= RE i)

HZol ML Ye B HUAS oj&8, 45 W 3
Ao, cZ&Alo], RdIZA Ao 5& FEF ndo] BA
d o g3t Adde S d & It FF A4 up
£ Aoy g2 vla-AE-o) ¥ (proportional-integral
~derivative, PID) #Aloj7le} & 3= 3t} PID A
oj7le F&7t dddtn A7 2YASAA d&sln AA
37 2ol QMBS ALRH gn go2k AL AgE
Holtl, Wt 2 =FdMe PID A7l 7 FA
b} del AMgsle  HlE-3E(proportional-integral,
PD) Ao71& #ALn2 &S ol &3ld AAsNT. o
o] #1717t AF A (proportional)F A} Aeje] o= A
(integral) & AAd= 713 214 FHejo)y] wEo|r}.

3.1 wuLR2AF

A 212%(Genetic algorithms)2 AAAY A
silel g mubste] 73Q1d AHZA @a%d S BHes
I A7) W&l H34% A FAZ gdse =72
o] &% 1 (6],

1) #3538 ¢ 39 273

A g FolA 94 Aol FAA(gene)e 27
#e 2= HE(bit) 992 FAEY QAN E §32
ole] 2% EAEE EHET. AL &7 Zol7t M

ol N7/ie EAYEE Ze & YA4AAY.
2) A¥=(fitness)s B}

4 gudEe PG U AR +9E Wt
B UL dZdes P43 st AE=E ez 3
€ °le F2 BA¥s2NE ALdEH.

3) ¥4l (reproduction)

Bx A4dAe & A3 dEe doldn Z H g
A 2% deEe =H HEE fEozd A4 A9
(natural selection) ¥4% Zd3AFG. &, & F
F=E 71 GHALFE oS Adol 52 FEo
o BAlo e o Xz AT BE EY 4
o o]§ M9 ¥y (roulette wheel selection)® AHE
Lia=
4) w4 (crossover)

AeiA NN FAANe 4o 4% FAAE AZ 2@
she dAo] 2T, o3 W4 me I =
e B A7 z@de AR L FF e 94
Ag e AAZE AL 53 438 dFE9E de A
3 #AHee F8F Aol dutHoz F AEZY
o a7} dojd FEL 0.6~0.95 WA= HAF o}
5) 4ol (mutation)

SR EAY e W Z A2 FAo] LA
He 4L 9ozt 3 EdWels A& g
A mztet vl Z F937 adeo] Hel, dwkHo
2 §3 g3ndSdre Sddold dF FH g4
(local search)2 €& B4 F7+g¢ tdsdA ol &3te
Aol 7h5slt}, a3y, §Hoz Edols 74 U
B AT FHEA AgsA dYsnz o dA
&2 0.001~0.01 AN HAHsz, UF ZA 3
% 283 ¥ 4& MsAel U dEA WUE =2
A G5 E AbAC] Fo#A] Aol ot

3.2 GA-PI Ho|7| HA .

¥ =EdAe PI Alol719 Kp, K9 F0|eE T3}
7l 989 3 ¢neES LY. gdenA ¥R
FARY FARAE FI|dE FUHS @t VR
Adta Aol & WHrh YR B oA $4R
9% H2g 3l& model-based AoI71E A4 AL
olZ & dolm UFEe TN Y= FFH ¥
Y y-go] ojr & oz nAE U7 W ] AgA ot
d &Aool & A E 2t W GA-PI Ao7l= &
Z 2QAEo oldEy] A9 2PAEY Aot APS
FE3) 4% & xn A9 dsle g 3P G-
Aeol7lelzz B4&HA FAPdE GA-PI A7t A
3 Aoz Algdd}

g 2 =24 §3 ¢udEFe FAske wEe o
&3 Zth GA-PI Aloi719 seelg BE5E 179 A
g2 gheo] £ N9 x4z 3ee 49t 2
gx ARG Z 2EZE Fri] Y3t AHEE A

FE $E84AFE ARFFRE HSAFEA )79 Ao
EAE viwsly]) 48lMe 2 gAY i AFe §el
A5 S 7HE 2 Bhd F 5 de ARE oA AF
< AHgsd
fitness = —————— (9)

1+ Ble®p

7|4, ke & ExGo] PI Aloj7) setnelsh FAgsho
ANaele] ALHAUE B9 § H4EYS Tl ME F
AEY 7ot

4. AgdjolM A A @

AFH NBdoldd AL wgvlel 74 R A=A
953 2o

rlo

F=1000 : % Flow=1000 1/hr
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V=630 : % Volume=630 1

DOsa=10 % Saturated DO=10 mg/L
DOwr=2 : % DO setpoint value=2mg/L
DOin=0 : % Influent DO=0 mg/L

h=1/360 : % Sampling time=1/360 hr{10sec)

T GA-PI A7) & o] &% £&42%E Aole Block
diagram< 23 1. Jehigich =8 AlEgolde 9
A 2AL 7 19 2

GA-PI controller

DO DO
process

Fig 1. Block diagram of DO using GA

Table 1. The operating conditions used of for
simulation
. Load
DO set-point (Respiration) Control
Condition 1 No Sine No
Condition 2|D0O(2)-)D0O(4) Sine Yes
Condition 3{DO(2)-)DO(1) Sine Yes
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Fig 2. The pattern of respiration rate in the
aeration tank at operating condition 1.

Dissolved oxyuen o

T T T T T T T T y
€ 233 43> €32 80 ‘090 12¢¢C 1403 1202 “830 2030
Time [10 sec)

Fig 3. The dissolved oxygen dynamics in the
aeration tank at operating condition 1.
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Fig 4. The dissolved oxygen dynamics in the
aeration tank at operating condition 2.
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Fig 5. The dissolved oxygen dynamics in the
aeration tank at operating condition 2.
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