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Abstract The suitable application area of intelligent control and the characteristics of biological wastewater

treatment process have been analyzed. Reviews and analyses have been done aiming ai the three main branches of in-
telligent control of fuzzy logic control, neural neuwork control and expert control system. The results show that it’s an
effective way to improve the efficiency and reduce the operating cost to introduce intelligent control into biological treat-
ment of wastewater, the application of intelligent control is broad and in-depth abroad and is at early age in China, we
should strengthen the research in this field. The developing trend of using intelligent control in wastewater treatment

has been discussed in the end.

Key words wastewater treatment; intelligent control; fuzzy control; neural network; expert system
18 = FRERE NBEESH, X THSHEELTR
A

ARG ARERI A LB B GE /7 5

BERRBEZANRELE, TEREER
BRBE R, RENERENURAER LN L F
THRAEFEMNREUNAHEN.E ZRELN
MR E RR MR N HEELE BAGRR
M E R R BRI EE R TR E B MEX
FOBCE AL BB LA B A B PR BE AR AR . BRI, A SR 4T
55 H PRI 5B R M 2 0 4 R 1R Bk 5
AT BB ARME &, 7820 R A2 59 22 81 JHRA XS
HERAGHITES, ZEE RE B 6 L4
IR

FHAKEVEE LZSE R RENERHGHE
HAWEH—3uh, EERIA:

(WER M AREE. REMNIEKRRFWHRE
AREARFFIEE , T B A o 2 3 A 06 36 P i5 e i
YERILE I BR, T A R E 5 R s R R R

(DRGEMIELRE. YRV . BRBEHEERE
ZRRAA, EEB RN REE E AT —MhiR
ERPRE A REABITRES RZIELER, N
A LAt 4 ) 1R A B B I 45 o AR

GIMBTEMERE, BUERERE RS
KAEYAE R G S SRS I ER, AT
R E B IAWQ ASM No.2 BRI, & EHE 40
A3 RS R E B, T X S B R
EARGR T EME, H H IAWQ ASM No.2 AR AR

E£WA : b & & it 2T E (H020620010120); L H T H B EA
T B (K2200310005003) ; b R E A LR EHH

YA 2003 -04-08

EEBN: T3 ~) , K BELHTRA, FEAFBEREDL
B RS e e e,



70 73 - A

g B R A YR &

s b

BE A T U0 0E b 1) 1861 98 4% B 1) S -

(BT ZEBHRE2E. HiFEETE
B IEF ARSI R AT R R . X T
b B A S 5 7 6 I B RO K ) AL B 1 A B A
96 fib {7 ) 2 B R A Tk

()X Bh H 2 (S BRI B b xR
SEA I VTS IR T2 i A B, 1 20 SRR X H K KR 19
PEANY EAR AL T A S R sh 1B B X
WG A L E RGN A SRR

PR, BP9 A AR AT T K BB BE T VS
KA FR1Z F B R B 58, 3RV 20 H 4K
15 B

2 HEEEHAESKLAERHERAIK

HEEt EEMEs SRR B2 E
Hbr el H E 4 nE I NE N E S, R R4
MEENE. IEERENRETRRERARLN
B AR T b I H bR B R AE L AN B
o) GENHER . FREER HATC )z T
BRI Bk 06 & Fifk Tl B S e
N BREEE NS BRI BN E S . R
W A H A SE [ R Hb X 75 KR A AL B
HVF 2RI, I 52 8075 K b B4R B A+ )
Tz R
2.1 HEHBERE

B 32 58 45 il (fuzzy logic control ) J& DA B M £
R R BRSSO R T B R R
T AR A 4 A ) Bl 1 0 EL 4 SRR ) ) ik
HORE A SRR A0 O A B B s o S ot AR 4
LW BN RS F(EM) THEN(FE R "B &
7N BRI R R R B A R
THEM R R, BEHEEER RS EREAR
SR BRI LB R G ESR, LR E L
FRR R A ROR BB, XN R S EN LR
R 25 ] 6 R v A B 8, R R TR R B AR R B
A0 5 45 0 ST I AT B T ALEE AR A AT
MBEMNMEREAMEEEE HiiC 2Ry
TKAEMAEREHHRB L Z .

W 2 B M B R B B 44, Kalker
242151 3 X 0 M AT R KR RS TR T 2
FpEERLE 842 ) 88 (FLC) , K R4k FLC FF DO )
BEHL, SR e H FBRAMNEW. oF % %A
Simulink-SIMBA # 8 i 17 % 1 €% /9 83+ L L Al X

B FLC LIEH X DO WIE i AL Bl 1)
B DO W B R R W KF | 1 T FLC X B BR Y
W) 7 B (1, LR VAR L L BBy (PD FE /NS £
R BE R L PSS B s b =8 FLC B K
HONH,-N #8852 (e NH,-N) UL R
At [ 1 A8 46 38 (ANH,-N) A i A&, D] BB~k
W SIEF K i T8, Rk EH H oKk ER
FRE . U TR EKBR LN E] HE AT R Y K
il 7€ SR M 7KOF b, B R e (AR — 5 /Y B
WA DO 0.6 mg/L Lk 1.0 mg DO/L B /) H
KK, ATRER B T DO BE &4 T A4 R4
Bl TE R B 16 25 5 B AU BR A g, 5 iy kb
LR M, FE&SH PCHER SEReakE
R R o S P A R LR R L AT A
REFRE il LA U 7D 10% ~ 23% . Hi K K B W Bg 45 F

Chang 5 -°- AT i 820 A/0 AE W98 1L bR B0 K
PR T 2 HETT T RS, 48— A TS U 99 TRl i R R
TR L 12 1 R B AT LS 2 b B R UK (kY
M) ax . AT RATH B 7K 3 504 38 5 0F D0l 1R e o
EHNT A/0 EMR N SRR EBIESTHA R W
FF/M) i, W5 PR Qr & W (/M) o fI, T
TR Qr IR MR U0 M S ) A AR D R
KW E Q &, WiH MR or K Q %, W or
TIPS e ob 7/ BB e B 1 1.0 B i s v W
Chang % 703 7K G far I B, 0 A 75 O 100 3 & ofi 1 ik
7K 7 fof e B, 80/ T T TR B AR D A S
KATTHT K FTRATCQ + Or) BT 2RI E 1L, (F/M)
AT T HE 5 fE — e Y TN L ol D KB S B 7 K
Y K B far AR Ak, He 4 9 5 4 118 T T O B 4
TG GG (F/M) 4% ) SR W, 25 R R, i Je il
Do 34 42 1) T LA 2 UK SR T o 0 A D, AR A K
B TSS.COD #l SRk B, I B REIR Fr & 18 1
(F/M) o 78 8 25 BR 75 7K v (0 55 1 COD RIS i 1
B, H H o] SEHOKF & TE SR (F/M) o5 8 3 B
BEERITE 2 AN EMHFIEOE SR, R
B B AL S AR SR 19 52 AT AT R

Ulrich Meyer TR TR TR R
AR A 75 /K AL R T i 45 ) R M L 4R ) R T AR
H8 K A 1 Bt K K B B AU DX T g Y BE (L
FORE fb/ K46 B A FLE B, AS UA] LA 4R /5 o 7K K
J5T [ B mT DA IR B S0 RE BE VM #E

5 7k 8 2 10 xk Y BR A LIS e K AL BB B 7



%3

T EE S E R TR TS K A AL PR R G b o L 71

B, BV Yy e A B SR TR 755 1, B S8 I ) 9 A B
o TEAEYHEM SNSRI R D R ak?
BB, XAE AR E RN, HZEMERY
m, U AE KK KB X FRXEE— A
RIGAER P B AR REDLME BRI SRR EHE Y
RIRR G, R ME PR AL G0 i 2 i B BE T A SO 42 11 .
T T AR AE 4 e AR S R 1k Y DR R AR 4 1 1) A
B, FZENE T AT E NS E
WARMIEEM LM E RS BHAEREL
BB 51T 5 B, OB ¥ AL 8 S, B
BRI R ES, XM EREMET & HEE
MR AT RRUE AT ATHE AT, KR S AR
17 28 Ak 1 38 B 1 3R L A R TR fe o B BUIN A AL -
RATREW A BT8R
2.2 HENKEHR

B2 B 28 32 41\ neural network control ) &2 i i A5
0N RRG 156 5 s 5 M L 2 LA R ) A A R R R 22 56 %o
REHITER . WEMKEE RS ERTEEESD
EEMXR, EIMENATERE NS ERENE,
BEAMRBMESE RGBS, RARG R MO A IF
4L, AT LA AT P K B s gl BT,
R 2 S 4R FE TS K A AL ER P R SR T AL
MR KR FEEBINER T FECE, MHAMEK
SRR TN A AL PR T XIS KA ER )T MIE AT
BEAT VRN BoK T RIS o

Mohamed F. Hamoda ZEU2 757K b B~ B 1 —
AR, A KT M EA L2 MERCEER,
F AN T # W 48 X35 K b BB a8 47 #E A7 B,
R TREE, EX /K 247 HU 2 w5 K
REE B ASE By B4 BOD 1 TSS 1 g # 22 9
HMEAR L, CRABUEE M A #H R E R EHN
BP Bkl mMys, AK 217 16 1 HBER
90 % VIl Zr 2 M 2% , Ho b 10% M ECHE F TR R U4
R, ) R AR 0.7, MRS 0.9, % #
Sgmoid PREUVE I IEIL REL . B TREE M AR KBRS
JZHCE B3, w22 R 4 1 Il 2R e )R DI R A 4
MR, Bkt 2 MERME S B 5N 1
M, HPFFEN T AGER AR E , RBERER
MIHEBENBRESEHTEEE., ITRGRE
H,27ZE 1R 30 ZHARBSEWEHE,25.19 13
A ERHRZE R /N, BB & & E 5 bR E A K
PR, FR M GREA R A S8, SR
5 2 0 2% 1Y TR BB 77 o

Joo-Hwa Tay %! PIZEM SM S TR M £, FF
BT —FpIRAE T A 2B T O R KR
REXT &M T AN, KRS LLERT 1 h XA
P RGETHRHATEN, ZERYHEAT B EEEY
AT BEEL, L BRZMENLAR . KA
U B AT R e i A B LK TOC AR &
PERR R BR UK B i A 2R T AL B 8% R R St A
WA RS URAEMARN BENHEKN
HRG HEH o+ 1 B2 B E T F K TOC
MIE LRI EEWE B, Tay I FRERAFRE
WALIK I R 2% IR B uE i R AR RR 34
R FREE a8 HLIA R K 51 R B A i 3 g
FTI 3 AE MR RECF N Z P M LI E R B
LERIM 7S TR B BT BUR . KR ER
T METEREAN AR ZRE N GEAARAMR
P2 S BB s, REEE BN HL IR A K 7 B A R R
K RERGEWE W, It HW REL W RETTR
AL B A RSR S M BE ) TE S R RS A
A KR T

Chen Z Ui BRI ¥ 2 W 45 P2 28 0L T A 1K
K ACE T B b, AR KEHEAZ LAY
b A VoK B S, KK AT B R E T TR
SBR R #8 1T AL 3, HEmH AL N 3 BB
— B BRAE BB (GA) FI 2 ) 2% (NN) R A 3L )
ERT , M2 M & R RS BN R E AT O, B A%
TR A A 22 9 5 A B 1) S5 4, LA g 5 S R B R R
Wl EBREBEERRRE W R RIRE R CRIRE
REAVBRIE NS AZTR, LEH HAs COD.SS Hl
BITHR AR EER, 4 WA 2 & BT
RERYPGE M B IR E R EREES B AR
SEAR W H AR — B, BT W AR AR A
W 45 4 R T 4R £ H AR 45 1 SRS, GA LAC MR R
e N B ST RERE R, A EmH HirREN
FREMAORETW , 7= 4 % 8 #E . SBR S 1 &% &
AP RER BAKBEINMARBRES pHET
AN AR B e 5 B8 = B BRI R M ) A% A5 B A
it hreg o kA BTN E N EP O G iR k)
RS i B 2% A B0V DG e A 1), B R R AR SE M o
BIR A M- 2 W 4 1 ) R G A (U RBRRE #E KK
JR R A B 2R G5 B B L, R R AR v Y KK BT, T EL R
BB mER et
2.3 EREHES

% F ¥4 R S5 (expert control system) /& — ™4 fiE



72 W5 ERERY RS

Hs5E

WHHEFRYSE, KRB E A KE L RKF 8
HHRE 250 GBS A F % 2 B9 H1IR R 2 500k i D%
SEARE, FREWNAREARNTEXRNER R
B CEAR ORI MR R A R A KR RBE
BB AEREHNAL. RITERERMAREN
XHEMAHEXITARMER . EXENRSES
FHEMITBIEFRERMXIET ERAKIE
Rl - R E R LR P HAEREERTE S
AR AHE N B R LERY . BiTES
KF &R0 R G AE TS K 4 4k 2 b i B H B
B%.

Ohtsuki %!V FF % 10 2 T BRSO B R
i 72 40 1 S b R FH F 8 R fr AZERRTS K b 3R R LMY
e, AbEE AR SR SBR 12 L ERV5 K P BOD
R, My &5 2 K, Ho9 & — SBR KLV 38
B kK R SRR O R ) FOHE KA Bl
750 i1 R I AS R RS 5 1 S B 1) S 1) 2 BE % AR B
RIS B (B RO A, B T RS R
R i S SRR A BB L T AR B Y 2k [
Rk ERFGEEH Hbr. EL{FiCx DO &
B pH {1 ORP H1E Ky ¥ 5 8., [AIB 0 5% #F K i
BRSO B, W IR A I SR AE AL A BOD % PR TS TR
RIRIFRER HKEFEARMAFTER BB
EWFHEERE, Bl C++ BFEMME Mg E
G R AR BRI ITIENCr+ BIFHE
HETK B FT5 U6 HE R« 46 50 B R N A R
& ZERR H K AR AR N B TR 5 B T IAWQ
No.1 FHIBBIRL £ 37 i) % RABLH A LAY R 48 1 4 oK
AT B s BR A Windows F /Y R B ST B0 & R BBk
AT F 8 AT 81RO IR B X RE M R
TH HE 52 AT L5 B — B A3 350R) K 2 0 R A
®OAEHBERNRENTIEE.

Galluzzo SR — Fh & K ¥ B RHK LW,
TESMM A E Y T B RS KRR K
DO i, BAMEHAETUERERE - BHREH
RO, WiB SO 28 (FLC) AR B Ak . A1k . 4
My R B o A P 0 B B AL AR B OR W IR DO 5
] B& (5L S 1B, 1] DO 5 26 3% 48 24 T X 4% i 8%
KRB I R T SUAR AL ) A5 Sk i DO ) 31
W, WEB FLC H = % P9 30 45 A A 5] I 6 445+ 4L
BOBE AT LA TR 45 # B — 2 FLC BT 76 B0 8 1) 80 0 3K
b Ho—4 FLC DABR S0t 7K NH,-N 1 NO;-N
N A R BIEMAR MRS T DO REH

B — M, %% FLC DL— 2t & B9 DO (B X
KK PO-P R EE N AL &, FIBRBEL B
FM&IE DO R SE(E, — & FLC MRS KR &R
LB DO BE [, X AW B S E R AR
% DO MLE B B R G L hrim Kb
PR @A 5 T IAWQ No.2 BRI () L FLF
XA R g BEAT I O RO 2 R R X A
LR ARG E ARG R R T B
T BE J158 -

Punal 2R £ K R G KI5 KA BT 8
BIFHITEEAL N, AEKE S SR &S
Yy 7K, BB R A R R R A 15 LK (UASB) , T
B AR AR E R (AR ML IR & T 24 BT b
B, moKkA#RT B A% KA Visual Basic 5.0 1F
FERAEIEIED TH, Acess 7.0 1E 0 804 4 B A
I H  Matlab 5.0 fE A B2 1H 8 T B PC #HLLJF
RS PR TR A5 S R B B R A RS T Y )
BE. BUdE Ab BB H A PLC 3K/5 BUGA s, 1L IR 28 40
-4 2 B S RS B B B S I B AR
GRS R R | B IF-THEN #0800 B2 #1580 04 12 7 A ke |
PRV B R AL B EE MR A 38 o A 2 B4 o b
e BRORE, R TRRAEEN LRI IRK
A pH (AR 55 ) Fi2 T Y o] BB (O 8 K/ 4%
BEZM YRR R TMRERNBE, A ERE
i F T LA A UM 4 FRORAES (W R
PRE AT E ) R E R CLRIAARES X FIRE
KB FT % B K F1 88 5 far R HLAE L fr 2
FRE LR, & K ARGl AR 3% 08 06 2R 5006 0y W1 4%
A (E A B, EE X e L IR 5 K b A el
DATE J Bsf () P 0 B 39 O R OBR &S T L AT LA R R )
BRI KR, R BB SO0 R b e R R A
PPE ARENHELUKENRERRE.

Baeza %UBJ*UFH%:J:%ﬂT}E%%%%ﬁXi%%
A0 LEKAEEB R LR HITHR. H
Ry EEREEFERAR FHZ 5 EWEM1/10,
FRABHGAHFN 3B GESBINF/ LKA
HERE X Fi7 8 X e ARl 38 i K ok st
KR, R TR SR L SMER L AT AR X BRACRY JF/
* K DO B R BEFE R K1 7K NH,-N A1 NO,-N X%
R K ¥ B B B 95 o AR L B E T B R g AT R 1
LRAFENBITAN ., WEERREMNFFE L
HUE 2K 21 28, 38 2o A 9] 45 B S Bkt A 49 S g 88 L DL
VE LRGSR B IR ROR R T R



531

F RS B 7 TS K A AL TR R G i R 73

RGN ATRBK WET, AEBRBREMET
ZMRE 1%, HKFHEEME A& 0N EK
9% 64% ., X, ETFHIRNEXFRREEB o
BRI RAEHTRER, AR ERRBRENBITR
B, RIE T E LR SRR, AMER R
TEAMEBERR R, ARF A THEIRE, M HiRm 15K
b I R RERBE

Wt L LA BT R LVE R s R T
15 7K A 4 Ab 3 ) O R 4R 4% 1 S BB I [R) AR 1L AY
M BEEHRENBARESH EVERHNER
O 25 4 o

3 GRRMEHE

TET5 K A M b 38 b 5] A BB R, W1 LU/ R
FTWITBITRIE N MU RARIETT, R AEK
HERBITRA . BRAESME AR ETKEY
AbFR R R R AR T HIRA  EE ARG T
JTIZHAAT EE A BF 52 ALK R A ik A 16 R
B FUR B B, FE SR HL i A R R B 22 B, R R
TN 5% % T T BB

15 3 Fp 25 B ¥5 K AL PR BB 42 ) R G 1Y L A
FLDERRENCE LK IRE KB AR, ¥
HEEABS KL EEREEHNERERREAK
FERGRERARE—HFL T AEM; ()M
PenlE AR B AR AR R
BAR, LI REMER , H TRANRESHR
AR R RN, KRR, BRE - ENE B,
HEMEARAE BEIES; G)MEMSE FBEEH
A 2 TC 0K BR 5 RE 7, BE 5 18 1 XY BLA 02 1T HHR
M) B REESHAER, LB RERE K
JELR PR SF, HE T AT LAXE RGLa 1T #E AT B, R & TS
KX — KR REMERBR, AT HEMS%
B m R RA RN ET R AATEKE R
AR AW S5 HIR, R REA PR — KB,

ERIB AR 5 M E M 4558 7 A B M 2 P )
B BEAT LR AR AR K, CRA BRI H ¥
BB BB RE REM BN, B, WEEM TS
KB F R IR WS T R RS, N
Y80 LUG 15 /K A 208 BE 2 ] B EE 5T T7 1,

2 % XK

N]wHEARFANEHA SHEEALESERER. i
M.t Bk AR B AR, 1998. 2~ 15

[2] S. Marsili Libell, L. Giunti. Fuzzy predictive control for nitro-
gen removal in biological wastewater treatment. Water Science
and Technology, 2002, 45(4 ~5):37 ~ 44
[3] Chunsheng Fu, Manel Poch. Fuzzy model and decision of COD
control for an activated sludge processs. Fuzzy Sets and Sys-
tems, 1998, 93:281 ~ 292
(4] Bk B KEYLHBP T SEERFHAREBH. 1§
MR REFERER . Fg . RS RS AL, 2002. 49 ~ 62
[5] T. J. J. Katker, C. P. van Goor, P. J. Roeleveld. Fuzzy
control of aeration in an activated sludge wastewater treatment
plant: Design, simulation and evaluation. Water Science and
Technology, 1999, 39(4):71 ~ 78
[6] W. C. Chang, C. F. Ouyang, W. L. Chiang, et al. Sludge
pre-recycle control of dynamic enhanccd Lioiogical phosphorus
removal system: An appliacion of cr-liue fuzzy controller. Wa-
ter Rescarcl., 1998, 32:727 ~ 736
[7, Ulrich Meyer, H. Johanne: Topel. Fuzzy-control for improved
ritrogen re.auval and energy saving in WWT-plants with pre-
denitrification. IWA 3" World Water Congress. Melbourne
Australia: 7 ~ 12 April 2002, CD-ROM, paper reference No.
€20937a
(8] AR, 5. AYEBRBAMERBEMEH—I1 &
WEHNEREHARSEABR. PEA KK, 1999,
15(2):5~9
(9] k%, 5. A PHERBANELBENEH—I &
BEMNRAGEWAR SEABR. PEAKHK, 199,
15(4):5~10
(10) FAm, FHE, MR, ¥ FHRENNFAR
(). #wH5HE, 2000,15(2), 136 ~ 140

[11] Mgk, FIaRK, B4 HHE PDEH RHMA . db
o UL B AL, 1998 137 ~ 146

[12] Mohamed F. Hamoda, Ibrahim A. Al-Ghusain, Ahmed H.
Hassan. Integrated wastewater treatment plant performance
evaluation using artificial neural networks. Water Science and
Technology, 1999, 40(7):55 ~ 65

[13] Joo-Hwa Tay, Xin-Yue Zhang. A fast predicting neural fozzy
model for high-rate anaerobic wastewater treatment systems.
Water Research, 2000, 34:2849 ~ 2860

[14] W. C. Chen, Ni-Bin Chang, Wen K. Shieh. Advanced hy-
brid fuzzy-neural controller for industrial wastewater treatment .
Journatl of Environmental Engineering, 2001, 11:1048 ~ 1059

[15] T. Ohtsuki, T. Kawazoe and T. Masui. Intelligent control
system based on blackboard coneept for wastewater treatment
processes. Water Science and Technology, 1998, 37(12) :77
~ 85

[16] M. Galluzzo, R. Ducato, V. Bartolozzi, et al. Expert control
of DO in the aerobic reactor of an activated sludge process.
Computer and Chemical Engineering, 2001, 25:619 ~ 625

[17] A. Punal, E. Roca, J. M. Lema. An expert system for
monitoring and diagnosis of anaerobic wastewater treatment
plants. Water Research, 2002, 36:2656 ~ 2666

[18] J. A. Baeza, D. Gabriel, J. Lafuente. Improving the nitro-
gen removal efficiency of an A?/Q based WWTP by using an
on-line knowledge based expert system. Water Research,
2002, 36:2109 ~ 2123



