
ABOUT DATA ANALYSIS IN
NONPARAMETRIC IDENTIFICATION

PROBLEM

E.A.Chzhan, A.A.Korneeva, N.A.Sergeeva
Siberian State Aerospace University
Krasnoyarsk, Russian Federation

e-mail: anna.korneeva.90@mail.ru

Abstract

The problem of data processing and modeling for discrete and continuous
processes widely used in various manufacturing branches is covered. It is expe-
dient to apply the obtained results while developing and designing intellectual
computer systems of different purposes. A new class of models of stochastic
objects with statistical dependence among components of the input vector and
design of these models is considered.

Introduction

Discrete and continuous processes prevail in industry and manufactures with contin-
uous technological types of the process. The peculiarity of building adaptive and
trainable models while developing systems of automation and control by technological
processes is stochastic dependence of the vector component of input variables. It leads
to the fact that in the space of ”input-output” variables determined by the techno-
logical regulations a real process has a ”tube” structure. It brings to the necessity to
enter an indicator of a special form to build adaptive models of these processes. The
investigations showed that even in the case of a great number of variables describing a
manufacturing process it is possible to build a learning model with samples existence
of a small volume. The general scheme of the researched process is shown below [1,2]:

Figure 1: The general scheme of the researched process and tools of control
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On Fig.1 the table of symbols are accepted: A is an unknown object operator,
x(t) ∈ Ω(x) ⊂ R1 is an output variable of the process, u(t) = (u1(t), u2(t), ..., um(t)) ∈
Ω(u) ⊂ Rm is a control action, ξ(t) is a random exposure vector, (t) is continuous time,
Hu, Hx are channels of connection corresponding to different variables and including
control tools, hu(t), hx(t) are random noises of measurements corresponding to variables
of the process with zero means and limited variance.

1 H-models

In practice we often deal with the processes having the stochastic dependence among
components of input variables. Let’s say that objects with this feature have ”tubular”
structure [3]. Let’s consider a process with ”tubular” structure presented on Fig. 2.

Figure 2: The object with the ”tubular” structure

As we can see on the figure, the range of the process progress Ω(u, x) corresponds
to the unit hyper cube where u ∈ R2, x ∈ R1. However, if the researched process
has a ”tubular” structure, the range of the process progress is limited not only in
the hyper cube space Ω(u, x) but also its subrange ΩH(u, x) ∈ Ω(u, x) which is never
known to us. As ΩH(u, x) is never known, the existence of the ”tubular” structure
isn’t known to us also. And it is necessary to notice that the hyper cube volume, as
we can see on the figure above, exceeds the ”tube” volume appreciably. Let’s consider
the modeling of processes having this structure. Usually in the problem of the inertia
less object identification some parametric model, representing a surface in the space of
”input-output” variables, is supposed to be available:

x̂(u) = f̂(u, αs). (1)

where αs is a vector of parameters. In that case when components of the input vector
are statistically dependent, i.e. we deal with ”tubular” structure object, it is necessary
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to set the indicator Is(u). The model (1) should be corrected as follows:

x̂(u) = f̂(u, αs)Is(u), (2)

where the indicator is identified according to the rule:

Is(u) = sgn(scs)
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where the kernel function Φ
(
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s (uj − uj

i )
)

and the smoothing parameter have some
convergence properties [4].

The logic of this indicator is that at any chosen value of the current variable u = u′

indicator Is(u) takes the value of one if the value u′ belongs to the ”tubular” structure
defined by the available sample

{
xi, ui, i = 1, s

}
and if u′ taken to a value outside the

”tube”, the indicator is zero. Note that if a process is described by the surface in space,
the model (1) and (2) are the same. If the process has a tubular structure in this space,
you need to use the model (2).

2 Computing experiment

Let’s consider results of the numerical experiments. Let the researched object be
described by the system of the equations:{

x = 0.7u1 + 0.3u2 + ξ,

u2 = u1 + ψ,
(5)

where ξ and ψ are random numbers uniformly distributed over on a symmetric interval
[−0.05, 0.05], u1, u2 ∈ [0; 3]. In this case the equation of the object is specified to
identify initial samples of ”input-output” variables. When building the model on the
basis of the samples, the structure of the dependence of the output variable x from
the input variables u is accepted with parameters. In the parameters estimating the
method of least squares is used. So, the sample of statistically independent observations{
xi, ui, i = 1, s

}
is discovered, where x is the measured output variable, u = (u1, u2) is

the vector control action, s is the sample size.
We build the parametric model (1) of the object. The modelling results are shown

on the Fig.3a (s = 100), where the red dots denote the researched object, blue -
the resulting parametric model and the black cube variables values determined by the
technological regulations. As we can see on the figure, the researched object is a ”tube.”
The model (1) is the plane lying on the object.

For the object (5) will be used the model (2) containing the indicator. Type of
indicator is described by (3). The results of numerical simulation of the object (5) for
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the sample size s =1000 are shown in Fig.3b. As we see, when constructing the model,
the indicator function took into account only those points which belong to the space of
the ”tubular” process progress, i.e Is(u) = 1 . In other points of the sample the output
value wasn’t recovered, i.e. Is(u) = 0 .

Figure 3: The general scheme of the researched process and tools of control

In this case, only 20 points from the total sample size s =1000 belong to the tube
space. As we see using the indicator functions leads to satisfactory resuls.

Conclusion

We offer H-models with dependent input variables (”tubular”). The domain of these
processes is always unknown but it must be defined while modelling. H-models differ
from the generally excepted models of noninertial systems by the indicator function ex-
istence which defines the domain of the ”tubular” process progress. The offered method
of data analysis and adaptive H-models can be applied while designing and developing
different computer systems of automation processes in manufacturing branches.
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