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A Robust Delay-Dependent Approach to Design Globally Robust
State Estimator,Robust Passivity and Stochastic Robust Stability
under External Disturbance for Uncertain Transcriptional
Regulatory Networks with Time-Varying Delays---An LMI Approach
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Abstract

Transcriptional regulatory networks are the global representation of
multiple interactions between genes and their products. Each gene
contains some regulatory sequences, called cis elements. Transcription
factors and their cofactors as well as other proteins can bind to such
elements, and increase or reduce the gene expression levels, which can
help us understand the cell’s function at the level of gene expression.
Recent research advances in multiple bioinformatics (computational
molecular biology) and high-throughout experimental technologies have
made the reconstruction of transcriptional regulatory networks possible.
Time delays are ubiquitous in transcriptional regulatory networks,
because of the vast separation of time scales between the fast reactions
like DNA-binding and dimerizations, and artificial genetic networks due
to slow reactions like translation transcription and degradation and the
finite switching speed of amplifiers, which should be taken into account
in the biological systems or artificial genetic networks in order to have
more accurate models. The existence of time delay in proteins could
make delayed transcriptional regulatory networks be oscillatory,
divergent, chaotic and instable or have poor performance. Therefore, to
have the accurate predictions, this project interests have been attracted to
the robust state estimation problem, robust passivity problem and robust
stochastic stability problem for uncertain transcriptional regulatory
networks with time-varying delays. The parameter uncertainties are
assumed to be time varying and unknown, but norm bounded. First, novel
criteria are proposed to guarantee the existence of the desired state
estimator. The criteria are dependent on the upper and lower bounds of
the delays, and the traditional assumption that the derivatives of the
delays are less than 1 is no longer required in our analysis. Then, a new
bounding technique is proposed to guarantee the robust passivity and
stability with dependence on the upper and lower bounds of the delay.
The time-varying delays are required to be differentiable and less than 1.



In this project, we will employ a new bounding technique such that the
above conditions can be removed and severable slack variables are
introduced to be reduced the conservatism of the criteria. Final, an
appropriate type of Lyapunov functionals is proposed to investigate the
robust delay-dependent stability problem. The present results may
Improve the existing ones due to a method to estimate the upper bound of
the derivative of Lyapunov functional without ignoring some useful terms
and the introduction of additional terms into the proposed Lyapunov
functional, which take into account the delay. Many examples are
provided to demonstrate the effectiveness of the proposed approach in the
understanding of the gene functions and potential significance on
engineering applications, such as developing circuits and systems with
biotechnological design principles of synthetic genetic regulatory
networks and new kinds of integrated circuits like neurochips learnt from
biological neural networks.
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