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ABSTRACT

In order to ensure the biochemical treated water (also known as the
reclaimed water) can be safely used in agricultural irrigation, a model
predictive control method isused for effective control of dissolved oxygen
in the activated sludge biological wastewater treatment process. In
generally, maintaining the dissolved oxygen concentration around 2 mg/
L will makethe activated sludge process effectively for organic pollutants
removing. Simulation results under Benchmark show that the model
predictive control method is better than conventional Pl control method
in terms of response speed, overshoot and other performance. Stable and
reliabletreatment processisthe assurance of high quality reclaimed water
out from the wastewater treatment plants, and the reclaimed water will be
more suitablefor agriculturd irrigation. Theworkshaveimportant practical

guiding significance.

INTRODUCTIONS

Reclaimed water (also known astheintermediate
water) isawater source from city sewage after bio-
chemicd treatment, it can be used for agricultura irri-
gation, city greening, parks, tourists and entertainment
etc. Intheagricultural irrigation application, it hasa
mature applicationin Isragl™, the United States, Ger-
many and other devel oped countries, inwhich, Isradl is
alwaysintheleading position around theworld in the
recycling of sewage, 46% of the country’sreclaimed
water isdirectly usedfor irrigation, and 30%for ground-
water recharge and discharged into theriver for indi-
rect reuse’?.

In 1985, Chinese Research and Monitoring Insti-
tute of Environmenta Protection of the Department of
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Agricultura build up asewageirrigated demonstration
area in Yongdeng County, Gansu Province and
Pengzhou City, Sichuan Province. A specia subject of
reclaimed water for agriculturd useisset upintheChi-
nese“EleventhFiveYears” scienceand technol ogy plan-
ning. Theory research and application practice of the
reclaimed water treatment technology areappliedin
many citiesal so, and agricultural irrigation safety con-
trol [aboratory and pil ot demonstration basefor the sew-
agerecycling are established in Lanzhou City and the
other regionsin China. The*Twelfth Five YearsPlan”
clearly pointed out: by 2015, the sewagereuseraewill
reach morethan 20% al around the country. However,
the sewagereuseratein many devel oped countriesis
more than 70%. Obviously, the investment space of
China’srenewablewater istill very widd.
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Rational useof thereclaimed water inour city isan
effectiveway to ease the shortage of water resources
inthe current and the future, and also reducethere-
pollution of the sewage®™. Reclaimed water irrigation
can supplement theagricultureirrigation water sources,
saving theagricultura input costs, andincreasethein-
comeof farmers. At present, morethan 90% city sew-
ageistreated by the activated sludge process. It has
important practica significanceto ensurethe effluent
water quality can meet the “standards of theirrigation
water quality” and the security of reclaimed water irri-
gation through the research on control of thetraditiona
activated sludge process.

Themoleculeoxygenintheair dissolvedinwater is
called thedissolved oxygen (DO). Thenumber of dis-
solved oxygeninwater isameasureof self purification
ability of water body. The control quality of thedis-
solved oxygen concentration plays an important role
onthetreatment effect of the activated dudge process.
Duetothenonlinear characteristicsof strong coupling,
strong disturbance, and largetimedelay, thetraditional
control method isnot easy to achieve good control ef-
fect of the sewage biotechnical treatment process. It
leadsthe effluent water quality with fluctuations, and
not up to the national wastewater discharge standards.
Accordingtothecharacteristics of theactivated dudge
process, model predictive control strategy is selected
for theeffectivecontrol of dissolved oxygeninthepro-
cessin thispaper. Thesmulation resultsshow that the
control performanceisimproved with the overshoot,
the responsetime, and the stabl etime compared with
thetraditional Pl strategy, and thedissolved oxygenin
water quality ismorestable.

PRINCIPLEAND METHOD

Mode predictivecontrol

Model Predictive Control (MPC) method isanew
computer control agorithm containsthethreee ements
of model prediction, rolling optimization and feedback
correction’® with the successful applicationintheail
refining, chemical industry, electric power and other
complex industrial process. At present, theMPC re-
ceivesthe widespread attention. So, research onthe
corresponding theory about MPC isahot topicinthe
field of control theory, and it has become the most

representative method of the advanced control strat-
egy of industria process control.

In 1978, the heuristic model predictive control is
proposed by Richalet et al.[ It is a predict control
dgorithmthat early gpplyingtotheindustry processcon-
trol. Itscoreideais. thecontrol strategy isbased onthe
onlineoptimization; theinitial condition isthe current
state of thesystem at each samplingtime; theresponse
of the system is predicted through the dynamic model
infinitetime; then optimizing thefuture performance
according to the model of object by solving an open
|oop optimization problem; thefirst control function of
the control sequence get from the above optimization
problemwill put on the process object’®. Thepredic-
tivecontrol algorithm usingtheonlinerolling optimiza-
tion, and the opti mization process of continuousthrough
theactua system output and the mode! output differ-
enceto feedback correction, therefore, model predic-
tivecontrol can overcometheinfluenceof errorsof pre-
dictionmode and someuncertain disturbancesinacer-
tain extent(®.

Fgure 1 showsthediagram of the DO processMPC
control schematics. Assumethetemperatureisconstant
inthetreatment process, so in order to maintain acon-
stant DO vauein the aeration tank, the measured DO
concentration by theideal sensort® placed inthetank
should be send to the M PC controller to comparewith
the DO setting va ue, then the M PC control ler will ad-
just the operating variables (dissol ved oxygenthe mass
transfer coefficient) va ues, which can beused to adjust
the DO concentrationin the pool, according to the con-
centration difference. Repeated prediction, optimiza-
tion and feedback correction step, the concentration of
DO will eventually be maintained around the set value
within acertain range, to achieve DO process control
target.
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Figure1 DO control schematics

For theassumed msteps control increment (present
or future), Au(k), Au(k+1), ..., Au(k+m-1),thep
steps predictive output of the process object are

y(k+1K), y(k+2]K), ..., y(k+ p|k) . Thepresent or
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future msteps control increments (m<p) are obtained
by cal culating the minimum val ue of thefollowing sec-
ond-timeobjectivefunction:

Au(k)‘u(kiﬁi.,’kumwnEHW[V(" [p)-rik+ D + IZ::HF;*[Au(k Ao (1)
Anditisrestricted by thefollowinginequality:
y<yk+j)<y, j=1..p

u<uk+j)<u, j=0,...m-1

)
Au<Au(k+ j)<AU,j=0,..,m-1

Where, and aretheweight matrix used to punish spe-
cificvariablesintheprediction of timedomain (y or u);
isthefutureset vauevector. Althoughintherolling op-
timization process, the m steps control increments
Au(k), Au(k+1), ..., Au(k + m-1) will becaculated,
but only thefirst control increment will be executed.
Therefore, intherolling optimization process, the present
control domainwill moveforward onestep when the
next samplinginterval comes. The cal culation process
isrepeated dong with the new output valuesof thepro-
cess object have been collected and the new first con-
trol incrementswill be executed. Theoptimal control
problemwill berealized by the repetition. But the ob-

ject prediction outputs y(k+1k), y(k+2Kk),...,
Au(k + m-1) aredepend onthecurrent actual output
y(k) , assumethat the effect of unmeasured disturbances

and measurement noiseareincludedin y(k) , sothe
amulaiontestinthefollowingwill aso haveman-made
measured-noi se added into the system output to test
the effectivenessand dynamic response ability of the
control srategies. Andthenweassumedl theinput vari-
ablesin addition to the aeration tank are unmeasured
disturbance, except theoperating variableK a.

Satespacemodd identification

Steady-state simul ation dataaccording to the dif-
ferent degree of aerationissmulated by theBSM1 plat-
formin literature®. The continuoustime state space
moded isestablished by following form:

%z Ax+ Bu,
dt

Where, x isthe state vector; u and y respectively for
the input and output vectors; A, B, C and D respec-
tively for the state space parameter matrix.

y=Cx+Du ©)

Figure2isthestep response curveof different aera-
tionlevelsunder thesystemidentificationmodd. Inthis
Figure, three step response curves are built up accord-
ing tothethree concentrationleve, 2mg/l, 1.4mg/l and
0.9mg/, intheaeration tank.
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Figure2: Step response curveof theidentification M odels
under different aeration level
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SIMULATIONTESTS

Controller performancetests

The smulation study on theresponse performance
of controller is based on the continuous state space
matrix obtained above. Controller parametersare set
asfollows: thesamplingtime At = 2.5x10*day ~ 20s,
Y=1,T" =001, m=1, p=10.Resultsarethegreen
dashed lineasshownin Figure3a. Inorder to verify the
controller’s performance, the DO set valueischanged
from 2mg/l to 2.3mg/l at t = 0.03day inthetest pro-
cess, and at , reduced the DO concentrationin influent
Img/l. Inthetwo cases, the controller canrapidly make
the control response of DO concentration, and it is
achieved good results.

At the sametime, in order to validate the control
performance on the different parameters of the con-
troller parameters, parametersare adjusted asfollows:
inFigure 3a, red dashed lineistheresponse curve ob-
tained by narrowing prediction domain (p=6); the green
dashed lineistheresponse curve obtained by increas-
ingthependty weight valueof input variables(r* = 0.1).

Fromthe compared resultsin Figure 3acan be seen,
reduce the prediction field can shorten the response
timeof the controller, but the overshoot will increase;
increasetheinput variable pendty weight vauewill make
theresponsetimeand overshoot increased.

The operating variables output variation isshown
in Figure 3b, there are significant changestime point
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t =0.03day and t =0.07day (linecolor and styleare
thesameasFigure 33), sowe can get the same conclu-
sionsthosebedrawnin Figure 3a.

Figure4 showscompared control performancere-

24

rametersin theresponsetime, overshoot, and so on, of
the controller to achieve the best performance by the
trial-and-error method to repeat the procedure of pa-
rameters debugging, so that the control process can be
stableandrdiable.
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Figure 3 Controller response performancesimulation re-
sultswith different controller parameters

sultsin different sampling time under thedry weather
datafrom seventh to fourteenth days provided by IWA
Benchmark™. Ascan be seen fromthediagram, when
thewater flow fluctuations (disturbance) islarger, the
control performance under the smaller samplingtime
(At = 2.5x10“day ~ 20s, redline) isbetter thanthebig-
ger one (At =1x10*day ~1min 25s, bluedashed line),
andtheerror isrelatively smadl. It can be seenthat the
sampling timeisshorter the controller performanceis
better. But taking into account that thelarger timescde
of the parametersin the biol ogical wastewater treat-
ment process, and thetotal responsetime of the pro-
ng system and other factors, thesamplingtimecan
not beinfinitely reduced, otherwiseit may cause nega:
tive effects. So we must determinethe optimal sam-
pling timevaueby tria-and-error method constantly.
Itissurefrom Figure 3 and Figure 4 the controller
performanceisclosdy related with the parameters, such
asthesampling time, the prediction step, and theinput
weights, and so on. So in the actual use of the MPC
controller, we usual ly determine the configuration pa-

Figure 4 Controller performance simulation results with
different samplingtime (At)

Compared control performancesimulation

The compared control performancesmulationre-
sult under Benchmark isshownin Figure5 (dry weather
datafrom seventh to fourteenth days). Ascan be seen
from Figure5, the control performance of the method
inthispaper isbetter than PI control strategy in control
precision, errors, and responsetime.
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Figure5 Compared control perfor mancesimulation results
under Benchmark

CONCLUSIONS

(1) Consumption and transformation of thedissolved
oxygen and the biochemical reaction processof the
wastewater biotechnicd treatment sysemareakind
of complex processwith thenonlinear characteris-
ticsof strong coupling, largetimede ay, time-vary-
ing, and so on. Conventiona control strategy isun-
ableto realizethe accurate control effect. Model
predictive control isan advanced and themost rep-

s BioTechnology

An Tudian Yourual



424

Study on the dissolved oxygen control of biotechnical treated water for agricultural irrigation

BTAIJ, 7(10) 2013

FULL PAPER

resentative control rategy inthefield of industrial
process control, application researchisstudied on
the dissolved oxygen control performance of the
wastewater treatment processin this paper.

(2) Fromthesmulation resultsof the controller perfor-
mance can be seen, the control performance is
closdy related withthe controller parameters, such
asthesamplingtime, pendty welght, prediction step,
and so on. A group of optimal parameters of the
controller isdetermined in thispaper by trial-and-
error method and applied it into the control work
of theactivated dudge process under Benchmark.

(3) Thecompared control performancesimulation re-
sultsunder the Benchmark show that the stability
of DOisimproved to agreater degree morethan
thetraditiona Pl control strategy withsmaller fluc-
tuations. Theactivated dudgeprocessismorestable
and reliable, so that the treatment effect is better
andtheeffluent quality will easy toreach thesafety
index of agriculturd irrigation. Inaddition, toohigh
aeration cost isoneof themain reasonslead to the
high operation cost of wastewater treatment plant.
The strategy in this paper make the smaller DO
fluctuationin control process, itisbeneficia tothe
energy savingintheblower agration operation with
more stableload change. So, it can reducetheop-
eration costs of the activated sludge process.
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