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Structure and peculiarities of the Adaptive Testing Data Processing software Suite (ATDP Suite) are pre-
sented. It is applied for dynamic characteristics restoration from experimental time series of nonlinear and unsta-
ble electronic system. Basic methods realized in ATDP Suite are demonstrated. Application of ATDP Suite for
electromagnetic tests of microwave receivers demonstrated the possibility to analyze and interpret the dynamic

characteristics of complex nonlinear system.

1. Introduction

A method of Adaptive Testing was created and re-
garded as novel methodological means and software
suite for analysis and estimation of generic dynamic
system (DS) parameters which describe complex
electronic circuits and systems. The method is based
on specific condition of tests over complex DS by
electric and electromagnetic ultra-short-pulses
(USP) [1,2]. The conceptual interrelations of adap-
tive testing procedure is demonstrated by Fig. 1.

The present version of ATDP Suite deals with
experience on electromagnetic USP tests performed

Electromagnetic environment

Testing facility Tested system

Parameters for System

system dynamics] Inverse problem nonlinear

¢ Parameters for
solution

EMI description

description dynamics
Vv r v \ v
Model of Adaptive el Generic data Ie Model of

> hecki EME
system e %%"‘

| A composed model of nonlinear system dynamics |

H System dynamics heuristic prediction I(—

Object EM survivability data

4>| |<_
H EMI / EMC standarts and specifications 'H
S k—

Data reducing and engineering

Fig. 1. Conceptual structure of ATC

over microwave devices [3]. It allows to obtain reli-
able data of the system analysis based on time series
with arbitrary little amount of points (10°-10%), char-
acteristic for USP interference. Below a brief de-
scription of the ATDP Suite particularities, its struc-
ture and the main methods of analysis are described.

2. ATDP Suite Structure Features

The electromagnetic USP coupling to sensitive elec-
tronic devices can produce nonlinear response very
often presenting chaotic modes [3]. Such regimes
are characterized by an instability regarding to initial
condition perturbations, which are known as stimu-
lus to phase trajectories chaotization. As it was
shown [4], such instabilities excitation demonstrates
tight correspondence between diagnostics of com-
plex system and solving incorrect mathematical
problem with the help of fractional integral-
differential restoration operator. The procedure of
restoration is one of the main features of ATDP
Suite.

The DS features of importance are also the pa-
rameters of the phase trajectory statistical distribu-
tions, as well as the distances between phase trajec-
tories of the real system and of some typical test DS
(regular or chaotic). The distances are calculated
basing on pseudometrics, introduced in [3] and
modified with the use of a variety of probabilistic
distributions. Thus, the usage of symbolic dynamics
and pseudometrics technologies is the second par-
ticularity of ATDP Suite procedure.
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As important reasons for nonlinear regimes
excitation in complex electronic system an electro-
magnetic wave scattering on account of inter-block
mismatch in broad range of USP signal frequencies
and boundary conditions instability, were pointed
out in [2,3]. In such a case, the DS evolution can be
well described by an iterated function system (IFS)
formalism. Application of this technique to both the
DS state description and the DS evolution operator
determination by experimental time series is the
third main feature of ATDP Suite.

The possibility to reconstruction the system of
common differential equations, describing DS state
evolution is also realized in software. The evolution
operator indexes are defined from the condition of
minimum distance between a phase trajectory ob-
tained from real time series, and one generated by
restored evolution operator. Reconstruction is a part
of qualifying procedure, which is based upon genetic
algorithm and neuron network technologies.

An efficient reconstruction of DS state evolu-
tion results from selection the generalized character-
istics (qualifiers and functionals), used for DS pa-
rameters optimization.

3. Qualifying Characteristics and
Analytical Means for Description
Unstable Nonlinear Systems

The basic procedures of time series processing and

analysis are the following.

A _signal processing procedure which pro-
ceeds observation of electronic device response to
USP interference must take into account the follow-
ing:

e strong instability of studying processes with
characteristic minimum record time of the order
of time limit, available for measuring equipment.
Practically, the possibility to registrations signal-
response is limited by the oscilloscope frequen-
cies range of 3-5 GHz and the analog-to-digital
converter time step — (0.3-0.5 ns).

e finite and very small duration of signal-response
(107-107 s), stipulating a comparatively small
length of time series and volume of data.

Such conditions require providing definite algo-
rithms for data processing and analysis, which takes
into account instability of processes, and instant (or
local on time) DS characteristics, as well as intro-
duction the concept of the system state and, respec-
tively, the dynamics of transition between states.

Qualifying the system states must be con-
ducted with the use of a set of qualifying parameters
— qualifiers, providing qualitative and quantitative
description both the states of the system, and the
transitions between states.

The main DS characteristics can be divided
into two classes:

e correlation and topological characteristics of the
system;

o instability characteristics of DS.

A basement to analysis for the first-class char-
acteristics is symbolic and topological dynamics,
and for the second - real-time Lyapunov index
analysis. In accordance with this division, the au-
thors had offered and applied to practice two gener-
alized qualifier, taking into account the characteris-
tics of the specified classes:

o the distance based on the probabilistic distribu-
tion of binary sequence, corresponding to ex-
perimental time series (distribution of Mandel-
brauth-Cipff), and

o the distance based on the distribution function
of real-time (local) Lyapunov indexes.

These qualifiers reflect specified above particu-
larities for complex unstable system dynamics.

The categorization procedure for states of
the system is founded on comparison of given ob-
ject with control test objects. The control test objects
must reflect the most typical characteristic of real
testing objects ensemble. Such well notified and
contrast on their characteristics test objects are, for
instance, dynamic systems demonstrating regular
and chaotic dynamics.

Test models have also form several levels. Ab-
stract mathematical models for states of the system
occupy higher levels. Specific models of different
class DS (for instance, radio- or electronic device),
are used at lower levels of representation, which
reside the most typical states — regular and chaotic.

It worth noting that mathematical technique
used in ATDP Suite is principally oriented to analy-
sis of multidimensional nonlinear DS of different
types. In this case, the amount of system measured
parameters does not change the character of analyti-
cal process, since the optimization technology of
neuron networks and genetic algorithms are applied
as efficient means for processing multivariable data.

A recovery of dynamic system operator is a
goal of testing system analysis. At the condition of
the analysis, which uses a technology of neuron
networks, a recovering of DS operator is reduced to
a problem of image recognition. Thus, a greatly
simple and adequate mathematical model of a sys-
tem is created. Searching for DS parameters is pro-
duced so that the model-image parameters corre-
spond the most to the parameters of real system. In
this case, the states of both the model system, and
the testing system correspond to all possible types of
states, from regular to chaotic.

Aforementioned procedures and basic algo-
rithms providing an adaptive testing and experimen-
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Fig. 2. Schematics and interaction of ATDP Suite
algorithms. Sections 1, 2, and 3 correspond to the
ATDP Suite hierarchy — data preparation, process-
ing and analysis

tal data processing [3] which comprises three struc-
tural levels with their parts, are gathered in unitary
ATDP Suite software, Fig. 2:
1. Preliminary experimental and test time series
preparation.
2. Data processing:
e Fourier, Gilbert and wavelet transformations;
e probability and Zipf distributions;
e Lapunov indexes, fractal and embedding di-
mensions;
3. Data analysis and qualification:
e time series regularization;
e cvolution operator and non-linear unstable sys-
tem operator restoration;
e non-linear analysis of dynamics based on ana-
lytical models of complex system;
e dynamic system attractor qualification.

4. An Analysis of Responses of
Microwave Receiver Unit

Experimental study of non-linear system responses
was provided for conditions of electromagnetic USP
signals coupling to microwave receiving device. The
coupling signals differed for the type (narrow-band
(NB) — Af/f =0.03, ultra-broadband (UWB)

Af/f=0.7+0.9 and combination of these two

in time) and amplitude within the limits of 70 dB
3]

Responses represented typical strongly unstable
processes witnessing excitation in the system differ-
ent states depending on type and hardness of inter-
ference. A goal of the study was to demonstrate the
possibility to provide some canonical parameters
(specific for the system of interest) for description
nonlinear dynamic system and for estimation its
state.

According to structure of the ATDP Suite, fil-
tration and regularization of initial time series of
system response starts the processing procedure. As
an example, a wavelet transformation of the re-
sponse to UWB interference is given in Fig. 3. It can
be seen, that the signal consists of two (low-
frequency regular and high-frequency complex-
structured) components corresponding to frequency
band of 0.01-2 GHz and 2-5 GHz.

The most important performances of nonlinear
system are the parameters of different phase trajec-
tory statistical distributions, and also the distance
between system phase trajectories and test phase
trajectories. To analyze microwave receiving device
dynamics the test phase trajectories were chosen for
regular signal corresponding to undisturbed process,
and for the signal with maximum fractal dimension
about 2 corresponding to a maximum complex sig-
nal.

The distance between experimental system re-
sponse and testing time series was determined with
the help of a pseudo-metrics. Fig. 4 demonstrates the
time series probability distributions for combined
NB-UWB USP interference.

A dynamics presentations for the local dimen-
sion for the distance between perturbed system state
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Fig. 3. System response progressive Gauss wavelet
transformation W (t, f) to UWB interference, where
t —the real time, and f — the frequency of a wavelet
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Fig. 5. Dynamics of the distance between system
state for complex interference of different strength
and test regular state. Arrows indicate the area of
qualitative change of system state

and different sample test states are important for
analysis of system states at different perturbations.
In Fig. 5 the dynamics of such parameter for a case
of regular test series is shown.

5. Conclusion

The software for Adaptive Testing and Data Proc-
essing is produced and applied to qualitative analysis
of dynamics and unstable states qualification of elec-
tronic system. Features of the method, its structure
and application to analysis and classification of elec-
tronic system states exposed to electromagnetic USP
interference is presented.
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CTPYKTYPA U IPUMEHEHHUE
MHNPOI'PAMMHOTI'O ITAKETA ATDP JIUIA
OIIPEJIEJIEHUSA COCTOSIHUA
SJIEKTPOHHBIX CUCTEM U
BOCCTAHOBJIEHUA
9BOJJIOLIMOHHOI'O OIIEPATOPA

U U Maeoa, A.B. [lawenro, U.M. [llanosan,
B.E. Hosuxos

IIpencraBnensl CTPyKTypa M OCOOEHHOCTH IIPO-
TPaMMHOTO MaKeTa aAaNTHBHOW TecTUpYoMmed 00paboTKH
nmaaHbeIX (ATDP Suite). OH nprMeHEH K BOCCTAaHOBIICHHIO
JUHAMHYECKNX XapaKTEPUCTHK U3 HKCIICPUMEHTAIBHBIX
BPEMEHHBIX PSJIOB HENMHEHHOW M HecTaOMIBHOH dJIeK-
TPOHHOM cucTeMbl. [IpoIeMOHCTPUPOBAHEI OCHOBHBIE
Meronpl, peannzoBaHHele B ATDP Suite. IIpumenenune
ATDP Suite mist anekrpomMarautHoro tectiupoBanus CBU
MIPUEMHHMKOB T10Ka3al0 BO3MOXKHOCTh aHAJIU3HPOBAaTh U
HHTEPIPETUPOBATh  JUHAMUYECKHE  XapaKTEPHUCTUKH
CJI0’KHOW HEJIMHEHHON CHCTEMBI.

CTPYKTYPA TA 3ACTOCYBAHHSA
IMPOI'PAMHOI'O TAKETA ATDP JIJIS
BU3HAYEHHS CTAHY EJEKTPOHHUX
CHUCTEM TA BIZITBOPEHHS
EBOJIIOIIMHOI'O OIIEPATOPA

L1 Mazoa, A.B. Ilawenxo, .M. Illanosan,
B.€. Hosuxos

[pencraBiieHo CTPYKTypy Ta OCOOIMBOCTI IPOrpam-
HOTO TIIaKeTa aJanTHBHOI TECTYyI0uoi OOpOOKM JaHHMX
(ATDP Suite). Horo 3acTocoBaHO A1 BiATBOPEHHS THHA-
MIYHUX XapaKTEePHCTHK 3 EKCIICPUMEHTaJbHHX YacOBUX
PAmiB HENiHIHOT Ta HECTaOIIBHOI ENEKTPOHHOI CHCTEMH.
[IpomeMOHCTPOBAaHO OCHOBHI METOAM, peajli3oBaHi B
ATDP Suite. 3acrocyBannss ATDP Suite st enexrpomar-
HiTHOTO TecTyBanHsS HBY npuiimMadiB mpogeMoHCTpyBaio
MOXJIMBICTb aHAaJIi3yBaTH Ta IHTEPIpPETyBaTH AWHAMIUHI
XapaKTePUCTHKHU CKIIAJHOT HEJIHIHHOT CHCTEMHU.
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