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Abstract. In this paper, a combination between a nonlinear continuous time

dynamical model and discrete time output measurements has been investigat-

ed for estimating the unknown states. Assuming some persistent excitation

conditions and the sampling steps to satisfy some boundedness hypotheses,

system observability is ensured and consequently, guarantees the convergence

of the continuous-discrete time observer synthesized in this work. The Lya-

punov method is used to describe the stability analysis and for the observer

synthesis. An application to wastewater treatment plant (WWTP) model is

presented. Performances of the proposed approach are illustrated through

numerical simulation.

Keywords. Software sensors; Nonlinear observer; Continuous-discrete time

observer; Activated sludge; Wastewater treatment processes.

Dynam. Cont. Dis. Ser. B, vol. 21, no. 6, pp. 283-306, 2014.



References

[1] Shen Yin, Hao Luo, Steven X. Ding. Real-time implementation of fault-
tolerant control systems with performance optimization. IEEE transac-
tion On Industrial Electronics. 2014; 61(5): 2402-2411.

[2] Steven X. Ding, Shen Yin, Kaixiang Peng, Haiyang Hao, Bo Shen. IEEE
transaction On Industrial Informatics. A Novel Scheme for Key Perfor-
mance Indicator Prediction and Diagnosis With Applicationto an In-
dustrial Hot Strip Mill. 2013; 9(4): 2239-2247.

[3] Shen Yin, Steven X. Ding, Adel Haghani, Haiyang Hao, Ping Zhang. A
comparison study of basic data-driven fault diagnosis and process mon-
itoring methods on the benchmark Tennessee Eastman process. Journal
of Process Control.2012; 22(9):1567-1581.

[4] Oscar A. Sotomayor Z, Song Won P, Claudio G. Software sensor for
on-line estimation of the microbial activity in activated sludge systems.
ISA Transaction 2002; 41: 127-143.

[5] Farza M, Hammouri H, Othman S, Busawon K. Nonlinear observers
for parameter estimation in bioprocesses. Chemical Engineering Science
1997; 52(23): 4251-4267.

[6] Boulkroune B, Darouach M, Zasadzinski M, Gillé S, Fiorelli D. A non-
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Appendix

Nomen
-clature
XB,H concentration of active

heterotrophic biomass
(mg/l)

iNXL mass of nitrogen in the
inert particulate organic
matter (gNg−1

COD)
XB,A concentration of active au-

totrophic biomass (mg/l)
KLa coefficient of oxygen rate

(d−1)
XND concentration of particu-

late biodegradable organic
nitrogen (mg/l)

K(.) half-saturation coefficient

XS concentration of particu-
late inert organic matter
(mg/l)

KNH,A ammonia for autotrophs
(gNHm−3)

XI concentration of slowly
biodegradable substrate
(mg/l)

KNO nitrate for denitrifying
heterotrophs (gNOm

−3)

SNO concentration of nitrate
and nitrite nitrogen
(mg/l)

KO,A oxygen for autotrophs
(gO2m

−3)

SNH concentration of ammonia
nitrogen (mg/l)

KO,H oxygen for heterotrophs
(gO2m

−3)
SND concentration of soluble

biodegradable organic ni-
trogen (mg/l)

KS heterotrophic organisms
(gDCOm

−3)

Ssat
O dissolved oxygen satura-

tion concentration (mg/l)
KX hydrolysis of slowly

biodegradable substrate
(gDCOg

−1
DCO)

SI concentration of soluble
inert organic matter
(mg/l)

YA yield coefficient for au-
totrophic organisms

SS concentration of readily
biodegradable substrate
(mg/l)

YH yield coefficient for het-
erotrophic organisms

SO concentration of dissolved
oxygen (mg/l)

µA maximum specific growth
rate for autotrophic or-
ganisms (d−1)

bA decay rate coefficient for
autotrophic organisms
(d−1)

µH maximum specific growth
rate for heterotrophic or-
ganisms (d−1)

bH decay rate coefficient for
heterotrophic organisms
(d−1)

ηNO.g correction factor for anox-
ic growth of heterotrophs

frXI fraction of biomass gener-
ating the particulate prod-
ucts

ηNO.h correction factor for anox-
ic hydrolysis

iNBM mass of nitrogen in the
biomass (gNg−1

COD)
VO the volume of the aeration

tank (m3)
Din influent flow rate (m3d−1)
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