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ABSTRACT

The objectives of this project are to identify a linear time-invariant dynamical
model of an activated sludge process. Such a system is characterized by stiff
dynamics, nonlinearities, time-variant parameters, recycles, multivariable with many
cross-couplings and wide variations in the inflow and the composition of the
incoming wastewater. In this project study, an identification approach based on
subspace methods is applied in order to estimate a nominal MIMO state space model
around a given operating point, by probing the system in open-loop with multi-level
random signals (MRBS). Three subspace algorithms are used, and their
performances are compared based on adequate quality criteria, taking into account
identification/validation data. As a result, the selected model is a very low-order one,
and it describes the complex dynamics of the process well. Important issues
concerning the generation of the data set and the estimation of the model order is

discussed.
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ABSTRAK

Tujuan dari projek ini adalah untuk mengenalpasti model masa-invariant
linear dinamik daripada proses lumpur aktif. Sistem seperti ditandai oleh dinamik
kaku, nonlinier, masa-variasi parameter, mengitar semula, multivariabel dengan
banyak lintas kopling dan variasi yang luas dalam arus masuk dan komposisi air sisa
yang masuk. Dalam kajian ini projek, pendekatan berdasarkan kaedah pengenalan
Subspace diterapkan untuk menganggarkan keadaan MIMO space model ukuran
dasar sekitar titik operasi tertentu, dengan menyiasat sistem dalam loop terbuka
dengan isyarat rawak multi-level (MRBS). Tiga algoritma Subspace yang digunakan,
dan prestasi mereka berbanding berdasarkan pada kriteria kualiti yang mencukupi,
dengan mempertimbangkan pengenalan akaun / data validasi. Akibatnya, model yang
dipilih adalah sangat rendah-order satu, dan itu menggambarkan dinamika kompleks
dari proses dengan baik. Isu penting tentang generasi dari himpunan data dan

estimasi model urutan dibahas.
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CHAPTER 1

INTRODUCTION

11  Background of Study

The activated sludge process is defined as a system in which a large number
of biological organisms are maintained and continuously circulated to be in constant
contact with the organic wastewater in the presence of air. The bio process is
principally constituted by two sequential tanks, an aerator and a settler. The bacteria
and other microorganisms feed on the organic matter constituent of the incoming
wastewater, thereby reducing the strength of the waste. The sludge is separated from
the mixed liquor in the solids separator (settler). The arranged sludge portion is
reprocessed as return activated sludge from the settler to the aeration reactor so that
the micro-organisms content in the reactor is maintained at the reaction sustenance
level. Excess sludge, which is not recycled, is extracted from the system as waste
activated sludge and consequently processed for deferent uses.



1.2 Problem Statement

» There are a lot of system identification techniques, the most traditional
system identification techniques are the prediction error method (PEM) and
the instrumental variable method (1VM).

» Computing the PEM model can sometimes be very difficult.

» The IVM attempts to deliver parameter estimates by only solving linear
equation systems.

1.3  Objectives

The objective of this project includes three subjects.

¢ Design the input excitation using multilevel PRBS signal.

o Apply subspace algorithm;
e MOESP  (Multivariable  Output-Error  State-space  model
identification)

e N4ASID (Numerical agorithm for Subspace State Space System
| dentification)

e Robust N4SID (Robust Numerical algorithm for Subspace State Space
System | dentification)

e Compare the performance of the three methods of the subspace

algorithms

1.4  Scope of Study

This study focus on finding the best model for activated sludge process, for
this approach, three methods of the subspace algorithms are used.



e MOESP
e N4SID
e ‘‘robust’’ N4SID

1.5 Importance of Study

The identification techniques convert a non-linear system to a linear time
invariant (LTI) system, therefore the identified system can use easily for further
approaches such as computer estimation instead of doing experimental act on the red
system or designing controllers for the system because designing controller such as
Pl or PID for the linear system is easier than to a non-linear systems.



48

REFERENCES

Aerobic Granular Sludge Scaling up a new technology (Sludge, 2004)

Dirkzwager, A. en A. Kiestra (1995) Van perdeidingnaarzuivering, In: Berge, A.P.,
K. Groen, H.JM. Havekes, M.A. Hofstra, JH.A. Teulings (Eds.) (1995)
Bestrijding van de watervervuiling —Vijfentwintigjaar WVO, Unie van
Waterschappen, Den Haag (in Dutch), pp.145-161.

Di Ruscio, D. (2000). Subspace system identification—theory and applications(6th
ed.). Lectures notes. Norway: Telemark Institute of Technology.

Favoreel, W., De Moor, B., & Van Overschee, P. (2000). Subspace state space

system identification for industrial processes. Journal of Process Control,
10(2-3), 149-155.

Golub, G. H., &VanLoan, C. F. (1996).Matrix computation (3rd ed.).Baltimore, MD:
Johns Hopkins University Press.

Haverkamp, B., &Verhaegen, M. (1997). SMI Toolbox: State space model
identification software for multivariable dynamical systems, v.1.0. Delft
University of Technology.

Ho, B. L., &Kaman, R. E. (1966). Efficient construction of linear state variable
models from input/output functions.Regelungstechnik, 14, 545-548.

Lange, J and R. Otterpohl (1997) Abwasser, Handbuchzueinerzukunftigen
Wasserwirtschaft, Mall-Beton-Verl., Donaueschingen-Pfohren (ISBN 3-
9803502-1-5).



49

Larimore, W. E. (1983). System identification, reduced-order filtering and modeling
via canonical variate analysis.Proceedings of 1983 American control

conference, San Francisco, CA.

Larimore, W. E. (1990). Canonical variate analysis in identification, filtering and
adaptive control.Proceedings of 29th IEEE conference on decision and

control, Honolulu, Hawaii.

Lijklema, L. and JM. Tyson (1993) Urban water quality: Interactions between
sewers, treatment plants and receiving waters, Wat. Sci. Tech. 27 (5-6) pp.
29-33.

Ljung, L. (1997). System identification toolbox: User’s guide, v.4.0.4.Natick, MA:
The Math Work.

Metcalf & Eddy, Inc. (1991) Wastewater Engineering — Treatment, Disposal,
Reuse, 3rd ed.,McGraw-Hill Publishing Company Ltd, New Y ork.

Moonen, M., De Moor, B., Vandenberghe, L., &VandeWalle, J. (1989).0On- and off-
line identification of linear state-space models.International Journal of
Control, 49(1), 219-232.

Ottersten, B., &Viberg, M. (1994).A subspace-based instrumental variable method
for state-space system identification.Proceedings of IFAC SYSD’94,

Copenhagen, Denmark.

Peternell, K., Scherrer, W., &Deistler, M. (1996). Statistical analysisof novel
subspace identification methods. Sgnal Processing, 52(2), 161-177.

Schilling et al. (1997) Receiving Water Objectives - scientific arguments versus
urban wastewater management practice, In: Proc. 27.1AHR Congress ‘ Water
for a changing community’, SanFrancisco, USA, August 10-15, Val. 1, pp.
510-515.

Vanrolleghem, P. (1994) On-line Modelling of Activated Sudge Processes:
Devel opment of an Adaptive Sensor, PhD Thesis, University of Gent.



50

Van Overschee, P., & De Moor, B. (1994). N4SID: Subspace algorithms for the
identification of combined deterministicstochastic systems. Automatica,
Soecial Issue on Satistical Sgnal Processing and Control, 30(1), 75-93.

Van Overschee, P., & De Moor, B. (1996).Subspace identification for linear systems:
Theory, implementation, applications. Dordrecht: Kluwer Academic
Publishers.

Verhaegen, M., &Deprettere, E. (1991). Subspace model identification. In E. F.
Deprettere, & A. J. van der Veen (Eds), Algorithms and parallel VLS

architectures, Vol. Il. Amsterdam: North- Holland.

Viberg, M. (2002).Subspace-based state-space system identification.Circuits,
Systems and Signal Processing, 21(1), 23-37

Wahab, N. A., Katebi, M. R., and Balderud, J. (2006).MULTIVARIABLE PID
TUNING OF ACTIVATED SLUDGE PROCESSES Industrial Control Centre,
University of Strathclyde, Glasgow, UK.





