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Abstract:
This paper deals with current parameter identification principles used for a description of
aircraft motion. Fundamental principles for an experimental online identification of difference
state equation matrix coefficients are introduced. Then creation of a mathematical model
using classic least squares method and usability of sequential least squares method for
updating model parameters are described. The whole concept is tested with real measured
data of the L-410 aircraft longitudinal motion using the software support of the MATLAB
program.

Introduction:
A mathematical model is an abstract model that uses mathematical language to describe the
behavior of existing or designed system. The mathematical model usually describes a system
by a set of variables and a set of equations that establish relationships between the variables.
These models are classified into parametric and non-parametric models. Parametric models
have given structure. The structure is a certain order and a chosen type of differential or
difference equation, sets of these equations, transfer or z-transfer functions etc.
An identification is defined as a creation of a mathematical model for a given process. An
identification based on mathematical and physical analyses is called an analytical (deductive)
identification. An identification based on measuring system data is called an experimental
(inductive) identification. There are two methods of experimental identification. The first is
offline identification where the measuring of the system data is recorded and a mathematical
model is created after the whole measuring process has finished. The second one is called
online identification where the computation of the mathematical model parameters occurs
during the measuring process.

Experimental online identification
Experimental online identification estimates the initial mathematical model parameters
using the acquired data from previous measurements and consequentially makes these
parameters more precise with each set of new data measurements. The computation of these
new parameters occurs during the following data measuring period.

A general dynamic process, with an order n ≥ 2, a known input signal and an output
equation is defined by a linear stationary model. This model is then transformed into the
difference state equation for the given measuring period (sampling time):
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It is possible to compute unknown matrix coefficients Φ and Γ after m=(n+r+1) data
measurements by applying the classic least squares method [1][5]:
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It is possible to make the identified parameters more precise after each new data
measurements by applying the classic least squares method, but it is inconvenient due to the
amount of processed data. It is easier to use the sequential least squares method [4][5].
Sequential least squares method uses mathematical adaptation of equation (2) to two
products SYT and YYT. These products are updated with new values from new data
measurements:
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The matrix coefficients Φ and Γ can then be identified from these two products after
every measurement:
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Identification of L-410 aircraft longitudinal motion:
This aforementioned experimental online identification method was used for the statespace parameter identification of aircraft longitudinal motion. The state vector contains four
state variables – aircraft velocity v , angle of attack α , pitch angle ϑ and derivative pitch
angle ϑ& ; the control vector contains only one input variable – elevator angle δ v :
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Real measured data of the L-410 aircraft longitudinal motion were used for this
identification. The elevator angle was continuously being changed according to the
designed pulse shaped graph. The measuring time of the input signal and the state variables
was 11.3s with a sampling period of T = 0.1s (Fig. 1).
It was very convenient to use the MATLAB program for this online identification because
basic MATLAB defined variable is matrix. The matrix coefficients Φ and Γ were identified
after n = 21 data measurements (t = 2.0s) using the computation program based on the
classic least squares method:
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The estimations of the state vectors for each estimated coefficient [Φ (21) , Γ(21) ] to

[Φ (

, Γ(114 ) ] were recomputed after each data measurement using an iterative method (1)
and compared to the real measured data (see Fig. 2). It is possible to conclude that the
sequential least squares method is able to predict the consequent system state vectors with
sufficient accuracy. This statement is confirmed by the mathematical model simulated
responses.
Standard deviation of computed and measured data of angle of attack α is less than one
percent of mean value (see Fig. 3):
114 )

σ z = 1.188 ⋅ 10 -3 rad = 0.78% α

where

α = 0.152 rad

It is also possible to confirm the requirement of minimal data measurements [5]. The
estimations of the state vectors with different initial matrix coefficients are displayed in
Fig.4. These initial matrix coefficients were identified after n = 5, 7 and 9 sets of data
measurements (t = 0.4, 0.6 and 0.8s). In practice, it is suitable to identify the initial matrix
coefficients after a considerably higher number of data measurements.






Conclusion:
The computation of an experimental online identification done by using the software
support of the MATLAB program is quite easy and problem free. It is possible to get a
mathematical model of a given system in real time after compilation of identification
algorithm and initial matrix coefficients estimation. A comfortable advantage is also the
simultaneous visualization of the mathematical model simulated responses and the
measured responses of the real time system.
Using experimental online identification is useful in all the cases where it is required to
adapt to changes of operative modes, to object properties, to environmental influences or to
other effects. A considerable part of the adaptive control algorithms is based on the
experimental online parameter identification.
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Fig. 1: Real measured data of the L-410 aircraft longitudinal
motion related to its maximal absolute values.

Fig. 2: Comparison of real measured (dashed line) and computed (solid line)
angles of attack for estimated matrix coefficients.

Fig. 3: Absolute error for angle of attack estimation.

Fig. 4: Comparison of real measured (dashed line) and computed (solid lines)
angles of attack for different initial matrix coefficients.

