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Abstract— In this paper, robust Fault Detection and Isolation (FDI) design in nonlinear uncertain dynamic system, with chemical 
and thermodynamic phenomenon, is addressed. The methodology using a Bond Graph (BG) representation in linear fractional 
transformation (LFT) form is shown to be a valuable tool for developing dynamic threshold generators and achieving robustness 
against model uncertainty in combination with sensitivity to faults. The proposed FDI method is illustrated through an equilibrated 
reaction occurred in a continuous reactor coupled with a heat exchanger. Simulations are given to support the theoretical 
development and demonstrate the potential of the developed procedure. 
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I. INTRODUCTION 

 
 Due to the growing complexity of automatic control 
systems, there is an increasing demand for fail-safe 
operation, fault diagnosis (FD) and fault tolerance (FT). 
The early detection of system malfunctions and faults as 
well as the isolation of their origin have become an 
important issue in advanced control system design. Much 
attention has been paid to the design of robust fault 
detection and isolation systems (see for instance [1]). 
 
 

 
 

Figure 1. Supervision scheme in process engineering. 
 
 Supervision of chemical reactors is a difficult task (as 
shown in Figure 1). This is due to several factors, such as 
the transient operation conditions, the various uses of 
these reactors and the evolution of the state variables 
which is nonlinear. The evolution of some parameters (the 
activation energy, pre-exponential factor, specific 
enthalpy) is nonstationary, which changes according to 
the condition variation inside the reactor [2]. It is this fact 
that has motivated our research in this paper.  
 Furthermore, due to the strong nonlinearities and 
parameters uncertainties in the chemical systems, their 

modeling is often complex and therefore less developed in 
the literature. The graphical modeling such as the bond 
graph tool becomes significant in this case, because it is 
appropriate for multiphysics modeling of complex and 
uncertain systems, as it is given in [3]. However, this tool 
can be used for residuals generation and monitorability 
analysis of uncertain  systems [4]. 
 The aim of presented paper is the design and analysis 
of a robust diagnosis scheme for nonlinear chemical 
processes taking into account the parameter uncertainties, 
described by coupled pseudo Bond Graph models using 
LFT form, when the secondary events (secondary 
reaction, hazard event of thermal runaway…ect) appear in 
chemical reaction. Thus, due to the energetic and multi 
physical properties of the Bond Graph, the whole of 
nonlinear model, structural analysis, residual with 
adaptive thresholds generations, and residual sensitivity 
analysis, can be synthesized using only one tool. 
 Section 2 gives a brief review of based element of 
coupled Bond Graph. The third section presents uncertain 
bond graph modeling and linear fractional transformations 
using in the chemical processes. In the fourth section, the 
bond graph LFT modeling of the chemical reaction in 
presence of parameter uncertainties is given. This section 
describes also the robust ARRs generation algorithm and 
the residual analysis. The developed methodology is 
applied for pseudo bond graph model based FDI of a 
continuous reactor coupled with a heat exchanger in 
section five. Finally some conclusions are drawn. 
 
 

II. BASIC ELEMENT OF COUPLED BOND GRAPH 
 
Bond graph models are network type models which are 
composed of multiport related by power bonds representing 
the (acausal) identity between pair of conjugated variables 
(named effort and flow)  whose  product is the  instantaneous 
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