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A E O HF B R A8 150kg(BOD)/d.
£1  X(0) =2000mg/1 B BRI HIEE R T HEER
Table 1 Calculating results of optimal controls at X{0Q) = 2000mg/ L

X(t), mg/L S{s;, me/L Qi) m'id DO{s), mg/L rd Z(r), kgld
20000 .96 0 2.8569 0 0
2011.7 13.21 o 3.2775 0.050 6.246
2027.3 16.77 0 36061 0. 100 15. 447
20466 20.24 0 31,8308 0.150 27,994
20690 23.03 ] 3.9477 0. 200 43,682
20935 24.52 il 3.9672 0.250 61.513
2118.8 24,30 4.819 3.8977 0. 300 74,831
2143.2 22.353 10,460 37414 0.350 96. 760
2165.2 19.12 14,960 3.4096 0.400 110.859
2163.7 15.32 16.270 3.1807 0,450 121.447
2194.8 11.65 206.940 2.8133 0.500 128.718
2193.4 g.60 356,430 2.4362 0.550 133.378
2183.0 6.31 448.160 2.0924 0. 604 136.253
2166.6 4.75 505.350 1.8185 0.650 138.034
2146.3 3.82 544,150 1.6429 0.700 139.215
2123.7 3.42 575.200 1.5841 0.750 140.124
2099.8 3.53 06 320 1.6494 0_800 140998
2075.3 4.16 £45_480 1.8356 0.850 142.057
20507 5.39 T03.430 2.1281 0.900 143.593
2025.6 7.30 792.840 2.4877 0. 950 146.034
2000.0 9.96 879.540 2.8569 1.000 150.000

JNWU /D JINIL/d) N SN {mg/L) Jo(N)OTE/ D)

2177.7840 2177.6930 586 15.00 0.0002
2177.7840 2177.6920 587 15.00 0.0002
2177.7840 2177.6920 588 15.00 0.0000

3.1 BAWERSESTEREEH TR

AT LB ER RS, BT LFE S WIS 5 R RS E L 5, 32 5
EEHE R — DO MPE DOW) SRMEDO(1HE, TN LEELHK MR EEYEES. &
1 BRREREEETA X(0)H 2000mg/L i, RIEAWERHGHESHELER N BRiFE
WL S, BRI KRYERE, Jp Fonai Bt Bte J BEH.

HR, DO MW E 1.58—3.97meg/L Z 8, THEBEZE A FHHEY AL T 150ke
(BOD)/d. #E5 HB9AT 10h( ¢ = 0.4d), EAR R HH TR, L EEH KRB R E BOD & Kb+
A RICER 1] E 2), MBS AN EAEN MLSS XX RS DO KEXNEEHL T, B
FTREIE R MLSS KA. K H MR R WK DO E, U S HETESEN#E. 25,
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fEH#E7K BOD fFF8 B H DO KM R EHHISIE, & Z(O B H 150ke/d BIRET RN
ESREHR.
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1800 2

1200

AR AT ESER. ENHEL R 4] 00l
THEMARES 4 XN Si2[ 007
2800mg/L K, B FH MLSS #t B3 0.6 L wol
. EEMN DO KEWHLKE [T
0.96mg/L. £ HEl 6h(r=0.25d)P
KR HEECTS U, B g Lt H 35 1
RABHRMC AR FEHET @y x(0) = 2400me/L B L1 M S RIS

DORME, EHEX DO A& KES LR (I = 1826 TT/d)

RYBES 27 B, [ e 5 s MLSS 3 Fig.2 Optimal controls and optimal trajectories at

KDOAREAVEREEBEETRE. & X(0) =2400mg/L{ J - = 1826yuan/d)

HEHE  HERERERNTHE

XS F 2800mg/L. B2, B bR ,

FET R RRE, FANERET 2.0 sor 100 3000

MBREH S ROUME WRERE ol wf nf X 2

BEARRBHRTHRENRAR B2l swo[3al \& T a0 2

g 2 0.8 200[ o500 1200
BRI, ROEH RARGR ool wf o[ L7 .

FTRIMEHYETHRALAKTE 0 L1411 1

Bl A#—EHRX — M, NETT i.h
A X(0)H 2000 F 3000mg/L
&1 TR0 B B ] mt BT % R B9 12 17 3 X(0) = 2800mg/L B {35 SR Shekth

HHEH ME2HRFE Y X(0)H (LR (J o= 1893 TE/d)
2400mg/ L E AR ERILES T HE Fig.3 Optimal controls and optimal trajectories at
7 9% AR, b 1826 JT/d. X(0) =2800mg/L(J = 1893yuan/d)

¥ FRAWERE X (0)RFTREEDWHHETRD

Table 2  Operation costs of optimal controls under various initial states X (0)

X(0),mg/L 2000 2100 2200 2300 2400 2500 260D 2700 2800 2900 300D

Je, /4 2178 1914 1846 1833 1826 1832 1847 1R68 1893 1904 1936

BTN R, EAFRE R, B ERNST I EFRSHESEHHFRKRKED
fb. BHEEKERERSFESE XA EMNBR ERTEN, HETR AN RS
FIFTIE R ETER XIOT —EE 240mg/L EH. HE, H FHEER T THLABR RS, BT H
HRERANY XO0)BHBAEREAMBREAREEFATURI . SREEFTHEFER
ERNEHHTD, ROTERRBEA SEROERETRAEH " UHEET BREFEERE
AL M B E PR R B A EE, HESFR P EHBEEN, WETUEEY. X—
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FHMENSERBR, B THET X(0)=X(1), Mk E4E XM hEXRRET B
SRy MLSS 2 378 (b A, MLSS 8 DO LS, K28, g 3 i se o 4,
MR EEGE A DOE MLSS) IR AR T et 2R, B FEE—1T e BEY
BI#E X(0), T MLSS fl DO RERNALBR. L8, BRVHEE TRAEBPHEH OB 5.
MPERIELEKEHFRBELCEIFEAEEENE L.

3.2 SR4EBBRASREEHRNGER

FHEEA, AT LCEREPOBHEBY, B4R MBSt £ 5t
ZHAE BRESHANESHERAA, FUEREB X, FESHF ST EERFK. M,
RERNFERFRENLERA A LSRN EMNRRER EmE A, A h TS ELR
LB TESERERR, X~ ZRETHEREPELEERB Y.

B2 AAD LIBT3 LM 4.1 T/ kg(MLSS) (REBHERE) HE X(0) N
2400mg/ L IR ILIEH T SR . BAXAHFMNET R ASEN 3049 1 3654 7o/d, R TB#H
RIFERr Y RME L 7 5, B R RS R TR AERER B 5 A #N 1.1 T/ke
(MLSS)RHg R AR . Hep DO B b S A=1.1 75/kg W DO MAS LR ILEHKR, G
REH DO SRETE SHELRAMEXR XEE NME A HUHEK, SRLCERA L, &
BAETHA Jc L E R, MESBEM S/ Jo M ), HNEERXBRRER NS EHR
B, FESEH KA AT ERYKE S SEEYEE DO E, MAMEmHER( E
RO SR X R, Rk TR DO R F AAUAR RN &,

3.3 ERREFRBAEXL

ERHEEREA, SALRBAEHNBRAEH SR EENERELEEF = FH OB,
—REAEEZITEETR. HAKKAEATE IR, TEATHE 4 AKFRGEREERFY
gt B A; T REEHKKRERMOIBETRATERCETRA SRBRETETYRES
AIEBRILERES, HERAMBERESTRERESAFRAFEEE . R IEHH ML K@t
S ERAEREHR M RENEXHRREE.

Y B RATUER, REREPHERSHNRE. . MERESHYREESHIRR
EHEROEAARFERRANEW, R, WE - ENCRERSERHEE RS, B
REERAMERS THREERTEAE. aUBITUBHTNTER : AREHBMREH
ELRENRGETEE M S ELES, BR, X TEHFEELAERERR N ISKLE
I, e URERNMEFELCRBEERRMBERETHRAZHEE Q. # DO ML
M, E T FEhEE BB EN, ETSB M RIME X 7S panbas
HRABEHTER Q. I DO. XHBHEREN B PR VERRER RRREHD
REHTHEHHEKKFKEELHF T EREE— RS RT, S HKAKRKER
RETEBNECSEARAEEHEE AR ERRSMEFE SN TEME.

4 #w

1. BRTHLMA T RIARSE RN LB AR ERESER 2(¢) BUCRE N
R, RAEERREA SRR RS TR AR RN RREH
FIEEAATARFFRE, A, AREFEESR AERERTE ST RERRNR AREH
MBS B R
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2. FWHBE TERS KSR TR BB REAEROBERE, F0HH THENTE
PR, AR [ AReRXEFS K SRFHERTBRFLERNE, KKER 7MiFER#
B, A AT R EE.

3. IRGEER, FREPMNEATF FEEESTRARIHEREEW, @ H, &FE
—MEEFRAE MRS, B, RINEBDE T HREHERET RAFHEEHAOFTRE.
X FRENKREHFRHEEEGKABRFREETEENE L.

4. MELERGFHELESE, RREHEEHT RO EE LRI EERE, BE,
BIREAEEHEESHTEHEREBER, S2EEHFHAKANGFABMEERSHE
MEAREFHFRMELZTRARESFA.

5. AGRMEEN AR EERARREH R AT KLE R L RER B R, BIRER
HHEBELHEAZFOREMERESTHRRESN TR Q. M DO M LME, #HiTFahak
B EEH
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MULTIVARIABLE OPTIMAL CONTROL OF ACTIVATED SLUDGE
PROCESS: [ . LIMITATION OF TOTAL SUBSTRATE (BOD) DIS-
CHARGE MASS

Peng Yongzhen, Wang Baozhen, Wang Shuying

{ Department Environment and Municipal Engineering, Harbin University of Architecture and Engineening, 150008 )

ABSTRACT Optimal pericdic control with the lowest operational cost by limiting total substrate dis-
charge mass was studied. Through adding new state variable and using supplement functions, the problem
with restriction conditions was converted into nonrestriction problem. In addition, the dymamic searching
method of optimal step coefficient was developed to modify the conventional gradient method, consequently
the calculation problem of the multivariable optimal periodic control was able to be resolved better. It was
found that the operational costs of optimal control under various initial states are distinctly different. A
new concept of optimal control under optimal initial state was presented. [t is pointed out emphatically that
to the treatment system without optimal control condition, the suboptimal control with extensive practical
value can be realized according to the results of optima control.

Keywords activated sludge process, optimal periodic control, BOD total discharge mass.
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