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Reinforced composites are widely used in various industries due to their low
weight and high strength. In this regard, ensuring safe operating conditions for this
composite is extremely important for research in the field of non-destructive detection
and control. Impact damage is one of the most common types of mechanical defects
associated with reinforced composites, which often leads to system failure [1]. There
are quite a large number of experimental and analytical methods for detecting defects
in reinforced composites.

Eddy current pulse thermography is one of the promising methods for
non-destructive testing of composite materials. This method is characterized by
improved spatial localization of defects in the volume of composite structures [2].
In experimental studies, a strong electromagnetic pulse is applied to the material
under study. In this case, heat spreads not only along the surface of the sample, but
can reach a certain depth, which is regulated by the depth of the eddy current skin layer.
In addition, this thermography technique has the ability to adapt in terms of defect
orientation and can improve the specific excitation direction to optimize the directional
evaluation along the defect orientation, which is more effective for geometrically
complex components and captures more defect features [3]. Pulse thermography
has been applied in many studies, including the potential for detecting small
defects with complex geometries, fatigue crack evaluation, and the investigation of
temperature distributions around cracks with different penetration depths in composite
materials.

However, identifying and localizing damage in the bulk of composite structures
caused by low-energy pulses is a challenging task for detecting composite defects for
many experimental techniques [4]. Impact damage information is difficult to identify
due to the complexity of the composite structure, such as non-uniform and crossed
fiber structure. In the pulse thermography method, the transient temperature response
is a time-dependent signal, including the heating phase and cooling phase. Different
time intervals contain different physical effects. Wavelet transform has been found to
be effective for time, frequency and spatial analysis, and its function as a mathematical
microscope of signal analysis can be used in image processing such as compression,
noise reduction, etc. This study analyzes an automatic transition-spatial selective
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method based on wavelet coefficient energy data to enhance micro-impact detection
and optimize transition interval selection.

The short-time Fourier transform method is often used in composite flaw
detection. The Fourier transform has an equally spaced bandwidth across all frequency
channels. Unlike the Fourier transform, the wavelet transform allows variable window
sizes to be used when analyzing different frequency components within a signal. In
this case, the reference signal is compared with a set of functions obtained by scaling
and shifting the base wavelet. Since the thermal image signal is highly non-stationary
and non-periodic, time-frequency analysis using the wavelet transform of image
sequences is studied.

The method of thermography of defects in the bulk of composite specimens
consists of several steps. In the first step, a set of raw thermal sequences is generated.
In the second step, the scale is optimized by estimating the average energy of the
multi-scale wavelet transform coefficient. Next, the scale 1s determined at which the
set of several wavelet transforms allows maximizing the separability for fiber and
impact thermal models. Then, based on the maximum energy criterion at the selected
scale, the optimal wavelet is determined. The optimal transition frame of the wavelet
window is determined by analyzing the change in low- and high-frequency components
with time at the selected scale using the optimal wavelet. The combination of the
optimal wavelet and the selected scale is used to wavelet transform the optimized
transient pulse thermography image. At the final stage, information on impact damage
and fiber texture is aggregated. The average energy of the first level wavelet transform
decomposition coefficient was calculated to select the proper decomposition scale.
The analysis of the decomposition results showed that the average energy of the
approximation coefficient gradually increased with the increase of the decomposition
level. However, the average energy of the detail coefficient (horizontal, vertical and
diagonal) is very small in the first three levels, while the average energy of the
coefficient at the fourth level is the largest among the five-level decomposition.
The main frequency component corresponding to the scale of level four exists in the
thermal image, then the wavelet coefficients at this level will have relatively high
values. Therefore, the components associated with this scale can be extracted from
the thermal image signal by wavelet transform. Thus, it can be stated that the fourth
level of the discrete wavelet transform leads to a very good separation of the
approximation of the impulse interaction and the details of the mechanical defect
compared to other levels of decomposition.
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CoHsAYHI €JEeMEHTH, K1 3HAXOAAThCA B CKJIAJl COHAYHOI IaHesdl, He MaroTh
JOCTYIMHHUX KOHTAKTIB JJIS BUMIPIOBAHHS iX €EKTPUUHUX MapamMeTpiB. TakuM 4MHOM,
JICTaTUCh /0 OKPEMOTO COHSYHOTO €JEeMEHTY y CKJaJi MaHeli MOXIJIMBO JIMIIE
0e3KOHTaKTHUM MeTofoM. Crmia 3a3HayuTH, 10 OE3KOHTAKTHE BUMIPIOBAHHS €
aKTyaJbHUM IPY BUPILLICHHI TaKUX 3a]a4:

- OTpUMAaHHS ONepPaTUBHOI IH(OPMAaLIii TPO CTaH OKPEMUX COHAYHUX €JIEMEHTIB
3 METOI0 PaHHBOTO BHSIBJICHHS iX AE(PEKTIB 1 MPOTHO3YBAHHS MpOIECy Aerpajaarii
COHSIYHOI MaHeJl Tij Jac ii eKcIuryaTartii;

- TECTOBa MEPEeBipKa KOKHOT'O COHSYHOTO €JIEMEHTY MaHeNi epe il MOHTaXeM
y MAaJOAOCTYIHUX 1 HEJOCTYHNHHMX MICIIX: Ha Jaxax XMapodociB, Ha (acanax
OyJiBesb, Y KOCMOCI TOIIIO.

OCHOBOIO O€3KOHTAaKTHOTO BUMIPIOBAHHS € JBa MPUHIIUIIOBUX MOMEHTH:

- Yepe3 COHSIYHY MMaHeb MPOMYCKAalOTh 3MIHHUI BUMIPIOBAIbHUN CUTHAI;
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