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ABSTRACT

The main motivation of this research is to develop an intelligent control strategy for
Activated Sludge Process(ASP). ASP is a complex and nonlinear dynamic system
because of the characteristic of wastewater, the change in influent flow rate, weather
conditions, and etc. The mathematical model of ASP also includes uncertainties which
are ignored or not considered by process engineer or controller designer. The ASP is
generally controlled by a PID controller that consists of fixed proportional, integral,
and derivative gain values. The PID gains are adjusted by the expert who has much
experience in the ASP. The ASP model based on Matlab®5.3/Simulink®3.0 is
developed in this paper. The performance of the model is tested by IWA(International
Water Association) and COST(European Cooperation in the field of Scientific and
Technical Research) data that include steady-state results during 14 days. The
advantage of the developed model is that the user can easily modify or change the
controller by the help of the graphical user interface. The ASP model as a typical
nonlinear system can be used to simulate and test the proposed controller for an
educational purpose. Various control methods are applied to the ASP model and the
control results are compared to apply the proposed intelligent control strategy to a
real ASP. Three control methods are designed and tested: conventional PID con-
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troller, fuzzy logic control approach to modify setpoints, and fuzzy-PID control method.
The proposed setpoints changer based on the fuzzy logic shows a better performance
and robustness under disturbances. The objective function can be defined and
included in the proposed control strategy to improve the effluent water quality and to
reduce the operating cost in a real ASP.

Key Words : Activated Sludge Process, Fuzzy Logic Control, Fuzzy PID Gain Tuner,
Fuzzy Setpoint Changer
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Table 1. Activated sludge model No.1

Component = | i| 1| 2 [ 3} 4| 5|6 (7] 8 9 10 |1} 12 13 ] .
T oomm 15| S | X| % [Xon|Xea| Xe| S0 | Swo | Sw [Sw X | Sax Process Rate. ¢,(ML °T")
Aerobic growth L 1Yy ) s ~_ S5 V__So
of heterotrophs Yu ! 1] ~ixa e “ K;+S,)( Font 55 }"'"
Anoxic growth - - Yu ) ~Yy _im |~ S Kou o
of‘:ii:of:ophs g ! “TE | iw R Sri s o mis T X‘KZST?;)”""-"
Aerobic growth _4s-vd 1 ek LN ~[_ S So
of autotrophs ! Va Ya Y wom A T | Toa¥S; JYen
Decay of _ feam o
heterotrophs -5 -1 e v Seixr [
Decay of e foi
autotrophs 1-/r -1 | xuSrixe baXoa
Ammonification
6 of soluble 1 -1 f‘- 2Sw¥an
organic nitrogen
Xof Xy So
Hydrolysis of L -1 MR (X Xaw [( Ka.n+sa)
entrapped organics “‘( K:.‘n Sax K:* S )]x“’
Hydrolysis of
8] entrapped organic i -1 Xl X5)
nitrogen
Observed conversion = v
rate{ML 1) kit
2719] QIS 13709 A 8-& T3 Matrix Table 2. Stoechiometric parameters
<] . qe -
Y2 Table 19 Yehith #7182 AAS F Ya | g cell COD formed (g N oxidized)™ | 0.24
getale AAAT 71-el ¥ Monodd ez Y |g cell COD formed (g COD oxidized)™| 0.67
el Ao fp dimensionless 0.08
ixs g N (g COD)" in biomass 0.08
. -1 .
ixe | & N (g COD)™ in endogenous mass | 0.06
2.2. Benchmarks

gz 9o ASM No.1& Hlgoz FA&% Table 3. Kinetic parameters
o 22 AA xS ALe olFAF AAEEYTE uH day! 4.0
ol g3le 10749 222 rgen] AWE ¥ Ks g COD m” 10.0
Mo HEHHY e fE o BFaUnh Ko g COD m” 0.2
- 5
ASM No.l19lA AI8¥ Stoechiometric para- Kxo g NOyN m” 8 3
-1 .
meters, Kinetic parameters 28|32 o] FA4 A by day
7 dimensionless 0.8
A& =grel seujel 3 22 Table 2, Table ¢ dimension 0.8
N 7 imensionless
3, Table 4] JeRigIth 2% Az R " : 3.0
2 AAETHEE oldel A3 2o kn g slowly biodegradable COD
1‘}‘%% OITX]T ZJ;\{_.—*' T . (g cell COD . day)'l o1
Kx g slowly biodegradable COD ’
Ji=v (X)X (g cell COD)! 0.5
X-X Ha day” 1'0
v(X)=max [0, min {1, vle "X X! _ g 7K Xmly)] Kt g NHs-N m™ o 65
Kmin = fus X ba da)"l 0.4
Ko g0 m’ 0.05
, _ _ . ke m® . COD(g.day)”
o714, Solid flux due to gravity sedimentation




Table 4. The parameter value of double-
exponential settling velocity function

Parameter Units Value

Maximum settling

. Vo md"’ 250.0
velocity

Maximum Mesilind

. At 474
settling velocity 0 m

ind
Hindered zone n |m® (g 89 [0.000576
settling parameter

Flocculant zone r |m’.(g 59" |0.00286
settling parameter

Non-settleable

. fue m®.(g SS)' | 0.00228
fraction
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Fig. 1. Denitrification configuration using
Matlab®5.3/Simulink®3.0.
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2.3. Matlab®5.3/Simulink®3.0 24

IWASLA AAIG FHES] 7| &7 A 713 3
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Removal Configuration, Nitrification Configu-
ration, 28] Denitrification Configuration
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Table 5. Performance index

(a) Dry weather steady-state simulation result

TANK1

TANK2

TANK3

TANK4

TANK5

Si_in
Ss_in
Xi_in
Xs_in
Xbh_in
Xba_in
Xp_in
So_in
Sno_in
Snh_in
Snd_in
Xnd_in
Salk_in
Qin

30.00
2.8082131
1149.1252
82.134908
2551.7658
148.38943
448.85186
0.0042984

5.36994
7.9178845
1.2166405
5.2848894
4.92717103
92230.00

30.00
1.458794
1149.1262
76.386187
2553.3851
148.30914
449.52273
0.0000631
3.6619672
8.3444148
0.8820648
5.0290873
5.0801748
92230.00

30.00
1.1495418
1149.1252
64.854922
2557.1314
148.94126
450.41834
1.7183778
6.5408820
5.5479452
0.8288868
4.3924277
4.6747902
92230.00

30.00
0.9953239
1149.1252
55.693982
2559.1826
149.52712
451.31469
2.4288838
9.2989988
2.9673854
0.7667866
3.8790101
4.2934562

§2230.00

30.00
0.8894928
1149.1252
49.305586
2559.3436
148.79714
452.21112
0.4909435

10.41522
1.7333316
0.6882800
3.5271755
41255794

92230.00

(b) Our model's

steady-state result

TANK1

TANK2

TANK3

TANK4

TANK5

Si_in
Ss_in
Xi_in
Xs_in
Xbh_in
Xba_in
Xp_in
So_in
Sno_in
Snh_in
Snd_in
Xnd_in
Salk_in
Q.in

30.00
2.8081634
1149.1686
82.135498
2551.8199
148.39509
448.878417
0.0042985
5.3699727
7.9176956

1.21662%
5.2849396
4.9276945

92230.00

30.00
1.458772
1149.1686
76.386787
2553.4392
148.3148
449.54936
6.31E-05
3.6619852
8.3442304
0.8820543
5.0291387
5.0801604
92230.00

30.00
1.1495288
1149.1686
64.855512
2557.1854
148.94693
450.44499
1.7183006
6.5409593
5.5476945
0.8288784
4.392478
4.6747668

92230.00

30.00
0.995314
1149.1686
55.69456
2559.2365
149.5328
451.34136
2.4288224
9.2991026
2.9671081
0.7667799
3.8790592
4.293429
92230.00

30.00
0.889485
1149.1686
49.306164
2559.3975
149.80281
452.2378
0.4909418
10.415292
1.733085
0.6882746
3.5272242
41255567
92230.00

(c¢) Error

TANK1

TANK2

TANK3

TANK4

TANKS

Si_in
Ss_in
Xi_in
Xs_in
Xbh_in
Xba_in
Xp_in
So_in
Sno_in
Snh_in
Snd_in
Xnd_in
Salk_in
Qin

0.00%
0.00%
-0.04%
0.00%
-0.05%
-0.01%
-0.03%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%
0.00%
-0.04%
0.00%
-0.05%
-0.01%
-0.03%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%
0.00%
-0.04%
0.00%
-0.05%
-0.01%
-0.03%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%
0.00%
-0.04%
0.00%
-0.05%
-0.01%
-0.03%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%
0.00%
-0.04%
0.00%
-0.05%
-0.01%
-0.03%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
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Fig. 2. Block diagram of a simple feedback
loop.
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Fig. 4. Block diagram of a fuzzy setpoint
changer.




L

1

L 2 4 L L] 10 12 "

Fig. 5. Influent flowrate for 14days in the
condition of DRY Weather.

o thA] 18CE AA s A3} & o)X olt}, ol
287l 98t MEYJEE 18ToIAF YWiHoz
28CE AAse] HoiR we] Yale 22744 W
3E A71n T 18T ol de)d tA 17CE 4%
& 2 ¥ 18CE dFste 3 Zo] J=F=
YR e Hdg g v F gA 2
ANETJEE A8 FE& Wolth oleid Alojde
& olv] "M 25T & PIDAC/§ ol &
B3 1 o|5gE WHAIIA gernE M Ho
AR A7t stEEn o] Sgte] Mo 2H
gAY 5 e A FARES &Y F dvke F
ol AUtk A4 AN A2 82T Al o
A 7182 dege] vistE Algsle AEJE
$& B =RdME HA F3oz FAHAR Relth,

B =R E IWASAM AMAIE 149 F<te] DRY
Weathere] H°|E& ol&3lon RYR#FY WA
3 Fig. 58 2t} Aoirigle] 2ol A §3lo
Fig. 63 & DO¥E ¥l dHolH& ¥4 ¥,
oA WA e E W9 fRAIBr & AL E 2
mg/LE A% Keild 22872 39ed Kea
ol Mg A4 483 2ol 0 day oA 240
day’'2 AYF F PIDAZIY Z oS5
K,= 80, K;= 3.2, 281 K,= 4022 F1 &
443t Fig. 73 Fig. 8% #& 449 =9
QAE ZzZt AT} tog T o 5uE He
PIDAIo}7]ol M EJAE HHE Fo ZHdURE
wje] Ajojch, HA| AFJE HEr|e] EEFEA
ZHe 1/96 day'oli wHgZ U9 ArExe] Wt

el & AY 2AYH AgAelsd A4 1913

g// b

=34

s " " " i N
2 ‘4 4 L] 0 12 "

Fig. 7. Controlied So with PID controller in
the 5th reactor.

Fig. 8. Errors of the So with PID controller.

E Fig. 9% #oh. A MEJE HP7|9 Yo
se 2ile Fig. 107 Zon] oxist ool st
€2 AEA 239 AXJEL Fig. 1191 vehd
I gen A4 g U 22 Eoj7te Ke



1914  APE - F%Y - AN - Y - PBY - $8R

ffwfﬂ }T/IT

06|

Mo ‘z ; ; [ |‘u |~: 14
Fig. 9. Controlled So with PID controller plus

fuzzy setpoint changer in the b5th
reactor.

[E=xa
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Fig. 13. Block diagram of a fuzzy PID gain
tuner.
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method.
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Fig. 15. Step response of the fuzzy gain
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Fig. 16. Final step response of the fuzzy
gain tuner.
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Table 6. Updated PID controller gains at the
fuzzy gain tuning process

Count| Kp Ki Kd |damping|sserror| freq
1 10 0 0 0.7 |-0.004| 0.62
2 19.022)0.001] 0.016 | 0.631 | 0.001 | 0.64
3 ]8.08510.002} 0.032 | 0.561 0 0.66
4 17.22210.003] 0.046 | 0.493 0 0.7
5 16.424(0.004 0.058 | 0.428 0 0.72
6 | 5.667 |0.005] 0.068 | 0.363 0 0.76
7 14.932(0.006} 0.077 | 0.298 0 0.82
8 14.227(0.006} 0.084 | 0.232 0 0.88
9 |13.575]0.007] 0.09 | 0.169 0 0.96
10 | 2.991(0.008( 0.095 | 0.11 0] 1.08
11 | 2.47910.008| 0.097 | 0.06 §-0.001] 1.26
12 | 2.11910.008| 0.098 | 0.028 }-0.001] 1.5
13 | 2.028 10.008] 0.099 | 0.021 |-0.001| 1.6
14 | 1.987 |1 0.008] 0.099 | 0.018 |-0.001} 1.66
15 1 1.958 {0.008] 0.1 0.016 |-0.001| 1.7
16 | 1.935(0.008} 0.1 0.014 |-0.001| 1.74
17 | 1.916 {0.008| 0.101 | 0.013 |-0.001} 1.76
18 | 1.899 | 0.008( 0.101 | 0.012 |-0.001{ 1.8
19 | 1.883|0.008( 0.101 | 0.011 |-0.001{ 1.84
20 | 1.869(0.008]| 0.101 | 0.01 [-0.001] 1.86
21 | 1.856 |0.008| 0.101 ] 0.009 |[-0.001{ 1.88
22 | 1.844 (0.008| 0.102 | 0.008 |[-0.001{ 1.92
23 [ 1.83310.007]| 0.102 | 0.008 [-0.001] 1.94
24 11.82210.007| 0.102 | 0.007 [-0.001| 1.98

© (X,. K;, K)=(67.73, 2.887, 5.704)

K,=100, K,=0, K=502.2 3¢ we] ZAT}o|
. olEgte] K,=10, K,~=0, K=5¥¢ ZA$d&
H3te 712RG@7IAE Dol XA £ate A%
£ Hola Uk, K,=100, K,=0, K,=50Y A%
de 7Ig@gez FH3tnE UATW HA] B9
o o] Al ehtx] ghol thA] o5t E e 2714
£ 99 F @E Aol ez v o] ¥
A B3k},

K,=617.73, K,=2.887, K;=5.704

K,=50, K;=10, K;=40

Fig. 17(c)® Fig. 17(d)1M Vel Zag »

H HA BAA719 GEo] o= AE vEhduA 3
A 71Esed 7hrtel stn sle e 4 4 i

5.8 &
A&4urgrle 2Usolol & W4T e B

o] TY=o} gow wer) Yo AAE ANNE
Fakshe K9S I3 FA AeY £ e A

N
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o
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Fig. 17. Controlled So in the ASM No.1 with the fuzzy gain tuner at the different PID gains.



Table 7. Updated PID controller gains at the

fuzzy gain tuning process:

(i)

PenA 33E AY 29YH A pAlole HE

1917

Table 8. Updated PID controller gains at the
fuzzy gain tuning process: (i) (Kp,

(Kp, Kd, K = (10, 0, 86, (ii) (Kp, Kd, Ki) = (67.73, 2.887, 5.704),
Kd, Ki) = (100, 0, 50) (ii) (Kp, Kd, K = (50, 10, 40)
Count] Kp Ki Kd |damping] sserror | freq Count| Kp Ki Kd |(damping] sserror| freq
1 10 5 0 [-0.177)0.177 | -9 1 | 67.73 | 5704 | 2.887 ] -0.109] 0.128 | -9
2 | 13.541§ 5036 [0.177| -0.174 | 0.174 | -9 2 |69.764| 5.739 | 2.989 | -0.106 | 0.126 | -9
3 |17.021| 5072 |0.351)-0.171 | 0.171 | -9 3 {71.737| 5.773 | 3.087 | -0.103| 0.125 | -9
4 {20437 | 5.108 | 0.522|-0.168 | 0.168 | -9 4 |173.648| 5.807 | 3.183 | -0.101| 0.123 | -9
5 123786 | 5.143 | 0.689| -0.165 | 0.165 | -9 5 |75.506| 5.842 | 3.276 | -0.098 | 0.122 | -9
6 | 27.067] 5.179 | 0.853]-0.162 | 0.162 | -9 6 |77.313 5.876 | 3.366 | -0.096 | 0.121 | -9
7 130278 | 5.215 {1.014|-0.159 | 0.159 | -9 7 |79.076| 591 |3.454|-0.094] 0.119 | -9
8 | 3342 | 525 | 11711 -0156 | 0156 | -9 8 |80.797| 5.945 | 3.54 |-0.092| 0.118 | -9
9 | 36.497 | 5286 | 1.325| -0.154 | 0.154 | -9 9 82479 5.979 | 3.624 | -0.09 | 0.117 | -9
10 [84.126 6.013 | 3.707 { -0.089 | 0.116 | -9

10 | 39.512 | 5.321 | 1.476| -0.151 | 0.151 | -9
11 | 42.467 | 5356 | 1693 -0.148 | 0.148 | - 11 | 85.74 | 6.047 | 3.787{-0.087 | 0.115 | -9
‘ : : : : 12 |87.322| 6.081 | 3.867 | -0.085| 0.114 | -9
12 | 45.364 | 5.391 | 1.768 | -0.146 | 0.146 | -9 13 | 88.874| 6.115 | 3.944 | -0.084 | 0.113 | -9
13 | 48.204 | 5.426 | 1.91 | -0.143) 0.143 ) -9 14 |90.396 | 6.149 | 4.02 | -0.083 | 0.112 | -9
14 | 50.986 | 5461 [ 2.049( -0.141 | 0.141 | -9 15 191.891 | 6.184 | 4.095]-0.081| 0 111 | -9
15 | 63.713 | 5.496 | 2.186( -0.136 [ 0.139 | -9 16 [93.359( 6.218 | 4.168( -0.08 | 0.11 | -9
16 | 56.325 | 5.531 |2.316| -0.13 1 0.137 | -9 17 |94.801] 6.251 | 4.241 | -0.079| 0.109 | -9
17 | 58.809 | 5.566 | 2.44 | -0.125| 0.135 | -9 18 |96.221| 6.285 | 4.312 | -0.078 | 0.108 | -9
18 | 61.179| 5.6 |2559| -0.12 | 0.133 | -9 19 }97.618]| 6.319 | 4.381 | -0.077 | 0.107 | -9
19 {63447 | 5635 | 2.6721 -0.116 ] 0.131 | -9 20 [98.995| 6.353 | 445 | -0.076{ 0.106 | -9
20 | 65627 ! 5.67 |2.781]-0.1131 0.129 | -9 21 1100.351| 6.387 | 4.518 | -0.075| 0.105 | -9
o1 | 67.73 | 5.704 | 2.887 1 -0.109 | 0.128 | -9 22 |101.688] 6.421 | 4.585 | -0.074 | 0.105 | -9
23 |103.006{ 6.455 | 4.651 | -0.073 | 0.104 | -9
24 |104.307| 6.489 | 4.716 | -0.072| 0.103 | -9

Count, Kp Ki Kd |damping| sserror | freq
1 100 50 0 |-0.004| 0.004 | -9 Count| Kp Ki Kd |damping] sserror| freq

2 |100.063|50.031|0.003| -0.004 | 0.004 | -9
3 100.125| 50.061 | 0.006 | -0.004 | 0.004 | -9 1| 50 ) 40 | 10 1-0.001}0.001} -9
4 100.188)50.092 | 0.009 | -0.004 | 0.004 | -9 2 | 50.021140.307 | 1001 70.001 ) 0.001 ) -9
3 | 50.04 |40.613] 10.02 ;-0.001| 0.001 | -9
5 [100.251{50.123]0.013|-0.003 | 0.003 | -9 4 150088 40.92 110029 -0.001 | 0.001 | -9
7 1100.375(50.184|0.019| -0.003 | 0.003 | -9 6 | 50.09 |41.532110.045|-0.0011 0.001 | -9
8 (100.438|50.2150.022] -0.003 | 0.003 | -9 7 |50.104 | 41.839]10.052| -0.001 { 0.001 | -9
9 | 100.5 [50.2460.025( -0.003 | 0.003 | -9 8 |50.117|42.145]/10.059| -0.001 | 0.001 | -9
10 |100.562| 50.277 | 0.028 | -0.003 | 0.003 | -9 9 | 50.129 | 42.45210.065] -0.001 | 0.001 | -9
11 |100.624|50.307 | 0.031{ -0.003 | 0.003 | -9 10 | 50.14 |42.758| 10.07 | -0.001 | 0.001 | -9
12 |100.686| 50.338 | 0.034 | -0.003 | 0.008 | -9 11 | 50.15 |43.064 [10.075] -0.001 [ 0.001 | -9
13 ]100.748} 50.369 | 0.037 | -0.003 | 0.003 | -9 12 ]50.159143.371710.08) 0 0 -9
14 {100.81 | 50.399 | 0.04 | -0.003 | 0.003 | -9 13 | 50.167 | 43.677110.084| 0 0 | -9
15 |100.872] 50.43 |0.044 | -0.003 | 0.003 | -9 14 150.174 1 43.983110.087) 0 0 | -9
16 |100.933| 50.461 | 0.047 | -0.003 | 0.003 | -9 15 150.181 44.29 | 10.09| 0 L
16 |50.186 | 44.596(10.093] 0 0 -9
17 |100.995| 50.492 | 0.05 | ~0.003 | 0.003 | -9 17 120191 | 44902 10,095 o 0 S
18 |101.057|50.522 1 0.053 | -0.003 | 0.003 | -9 18 | 50.195 | 45209 [10.007] o 0 9
19 |101.118]50.553 [ 0.056 | -0.003 | 0.003 | -9 19 150198 14551510099 o 0 9
20 | 101.18 | 50.584 | 0.059 | -0.003 | 0.003 | -9 20 | 502011458211 101 0 0 9
21 }1101.241}50.614 | 0.062 | -0.003 | 0.003 | -9 21 | 50.203 | 46.127110.101 0 0 -9
22 1101.302| 50.645 | 0.065] -0.003 | 0.003 | -9 22 | 50.204 | 46.433110.102 0 0 -9
23 |101.363! 50.676 | 0.068 | ~0.003 | 0,003 | -9 23 | 50.205 | 46.74 {10.102| © 0 -9
24 1101.425]50.707 | 0.071 | -0.003 | 0.003 | -9 24 | 50.205|47.046|10.103| © 0 -9
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