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Abstract 
This paper presents a model of an assembly line-type flow shop of a subset of the thrust reverser in aerospace equipment. In 
this study, the modeling approach is used to identify behavior transfer functions. The algorithm is applied to build PEM 
(Prediction Error Method) linear models around a certain operating point. The constructed modelsare presented and their 
performances are compared to obtain the best approach for modeling of such system. The chosen model is able to reproduce 
the principal dynamic characteristics of the main assembly line. Several questions concerning the identification process and the 
construction of the parametric model are discussed. 
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1. INTRODUCTION 
 Production systems manufacturing modeling is complex given the multitude of parameters to take into account and the 
difficulty in determining the interactions between them [1]. The analysis and dynamic control of these systems often 
require a mathematical model. This model can be directly inferred from the physical laws that govern the behavior of 
the system. This option is limited when the process is complex, or when the physical principles that govern its 
operation are not sufficiently known or involve parameters that are difficult to measure. In this case, an 
alternativeapproachusedas the linear modelisestimated directly from the measured input-output data ofthe realsystem. 
[2] 

Regarding the identification, it is the process that refers to the estimation of the model parameters that we have set for 
the modeling phase, from measurement data [2] this approach has been called "black box "[3]. 
 
Over the last three decades of the twentieth century, the black box model identification has experienced considerable 
growth in terms of new techniques proposed, as well as for newapplications. During this period, the identification 
theory has been developed primarily for the examination of discrete-time linear model. Tool box "system identification" 
Matlab developed by L. Ljung [2] has contributed to the popularity of these approaches. There are many research 
conducted in the field, among which we can mention [4], [5], [6], [7], [8].All these works are mainly concerned with 
the problem of parameter estimation of discrete time models. Indeed, the remarkable development of digital computers 
has made the use of discrete time models more frequently, not only because of the discrete nature of the acquired data, 
but mainly because of the ease of implementation of the identification algorithm of control or prevention of diagnosis 
developed from the identified model. 
 
This article is organized as follows. In Section 2, we present a brief description of the assembly process line studied. 
Section 3 describes the process of identifying and Sections 4 and 5 present the application of the identification method 
and the results obtained. The paper concludes in Section 6 with the presentation of conclusions and future work. 
 

2. DESCRIPTION OF THE ASSEMBLY LINE 
 

 Studying the assembly line consists of four successive production modules {M1, M2, M3, M4} figure1. Each module 
consists of a workstation and a buffer. The workstation is represented by a labor (L) and assembly tool (T). The transfer 
of assembly parts between modules is done by a transfer carriage moving. The transfer time is negligible compared with 
the cycle time of each phase of production. 
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Figure 1The assembly line of the subset of thrust reverser 

The following notations are used in the following: 
 
ui (t): flow entering in Mi module (input assembly parts per unit of time). 
yi (t): production flow exiting of Mi module (output assembly parts per unit of time). 

3. IDENTIFICATION PROCEDURE 
 Given a set of measurements collected from the studied system, the other steps of the identification procedure are 
described as follows [4]: 
 
-  Choose a package of input and output variable of the system. 
-  Choose a structure of the model to be identified. 
-  Choose a criterion to be minimized. 
-  Choose an algorithm and set. 
-  Determine a method to compare different models and choose the best. 
 
 

 
Figure 2 The Identification procedure [4] 

 

3.1 Model structure 
The structure chosen to model each module of the line is a structure of type ARX (AutoRegressive eXogene) .We note 
the polynomial form: 
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The relationship between the input ui and the output yi of each module, under these ideal conditions, in the absence of 
uncertainty, is: 
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Figure 3 Relationship between ui and yi 

And:  
 

 (2) 
 

  (3) 
 
Where ai and bi are the coefficients of the Ai and Bi polynomials, the q is a delay operator.We can write the general 
form in the presence of the error: 

 
 

 (4) 
 
Where represent the column vector of all the parameters to identify. 
 

3.2 Choose a criterion to be minimized 
The selection of the most suitable model is to estimate the set of parameters q from observations collected by 
minimizing a chosen beforehand criterion. In our study, we use the error minimization criterion based on Prediction 
Error Method.This algorithm estimates the parameter vector minimizing the criterion )(V . 

      (5) 
   (6) 

 (7) 
 

4. IDENTIFICATION OF THE PARAMETERS OF THE MODEL 
System Identification Toolbox as shown in Figure 4-is a graphical user interface (GUI) to estimate and analyze linear 
and non-linear system identification. It is used to build mathematical models of the dynamics of the system based on 
the measurement of input-output. The user is authorized to use the frequency domain or time for transfer functions, 
models of the state space. The toolkit provides several algorithms for minimizing the criterion chosen in advance, such 
as the algorithm of prediction error minimization (PEM). 
The "estimate” option, is used to estimate the model resulting from the analysis of the input data and process output. 
We used the option 'Process models' to identify the transfer function of our system. This option allows us to select the 
number of zeros of the transfer function and choose whether it should be continuous or discrete. 
Indeed, after selecting this function, we can choose the order of the system to obtain the best approximation of the 
model. It is indicated by the variable "Best fits" (more appropriate in French) with a percentage ranging from negative 
values to positive values with a limit of 100%. The more we are close to 100%, more the model is realistic. 
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Figure 4System identification toolbox Matlab 

 
The collection of data input and output of each module was made from the ERP (Enterprise Resource Planning) 
production management (eg Figure 5 shows the input and output of the module M1). These data are used to estimate 
the model by selecting as an ARX model structure. The data divided into two parts, the first part is used to determine 
the model systems whilethe second is used to validate the model. The figures 6 to 9 illustrate the evolution of the output 
of each module and the percentage adjustment or similarity between the outputs simulated and actual values. 
 
 
 
 

 

 

 

 

 

 

 

Figure 5 Evolution of u1 and output y1 of M1module 
 

 
Figure 6 Evolution of thepredictive output y1 of M1 on the two models:  order 1 "P1D" with delay and order 1 without 

delay"P1" 
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Figure 7 Evolution of the predictive output y2 of M2 on the two models:  order 1 "P1D" with delay and order 2 with 

delay "P2D" 

 
Figure 8Evolution of the predictive output y3 of M3 on the two models:  order 1 "P1D" with delay and order 2 with 

delay "P2D" 

 
Figure 9 Evolution of the predictive output y4 of M4 on the two models:  order 1 "P1D" with delay and order 2 with 

delay "P2D" 

We simulated two models for each Mi module. The first is about order 1 "P1D" and the second of order 2 "P2D". 
According to the results, obviously, the order 1 "P1D" provides models with larger percentages of best fit (best fit). The 
table1 summarizes the calculated parameters and the percentage of reliability of each simulated model. The overall 
transfer function of each module is in the form Mi: 

 
  (8) 
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Table 1: Parameters estimated models for each module and their Best Fit 
 

Module Order 
Model K Tp1 Tp2 Td Best Fit (%) 

M1 P1D 0.96 0.002 0 2.3 98.16 
P1 0.95 0.002 1.12 18.1 0.015 

M2 P1D 0.99 0,001 0 17.97 99.04 
P2D 0.97 0.385 2.196 30 66.98 

M3 P1D 0.99 0.001 0 17.40 99.06 
P2D 0.98 0.78 0.57 30 67.32 

M4 P1D 0.97 0.0011 0 17 98.06 
P2D 0.97 1.11 1.11 25.91 53.94 

5. CONCLUSION 
Our contribution concerns the use of behavioral approaches for identification of transfer functions to model 
manufacturing systems. The implementation process has been validated by modeling modules production line flow 
shop. It advocates the iterative candidate models for each module by moving the order of their transfer function. 
Polynomial ARX structure is selected for modeling and PEM algorithm is used to select the models that best represent 
the rate adjustment. 
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