Impact point localization with the use of wavelet transform
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Abstract: This paper provides an experimental method to localise a point of impact in threedimensional structures. The impact induces vibration anomalies such as shockwaves in various devices or structures. Concurrent measurement of vibration waveforms in several measuring points allows determining the times of arrival of the shockwave. However, the path between the impact and the measuring point depends on the geometry of the structure. Therefore, ordinary triangulation methods cannot be used because apparent wave speeds differ
across the measuring points. This paper proposes a set of nonlinear equations with unknown
wave speeds and the location of the impact, which are solved using constrained optimisation.
The results of this method depend on initial conditions and optimisation parameters, so their
influence is also analysed and discussed.
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1. Introduction
In terms of signal processing, the impact is an unsteady signal. If the measurement is performed in
situ, this signal is also corrupted with noise resulting from machine operation, electrical noise, mechanical noise or noise from other machines. This implies that the impact (like Dirac impulse) and its
transient response can be challenging to observe in the time domain. In this case, transformation to
the time-frequency domain using the short-time Fourier transform (STFT) is beneficial. On the other
hand, the Heisenberg theory does not allow for short time windows and high-frequency resolution.
Therefore, the STFT is inevitably inaccurate in the precise localisation of short transients.
The wavelet transform offers the solution. The method described in [1,2] based on the Gabor
wavelet is utilised for the fast wavelet calculation. It is necessary to tune the Gabor wavelet input

Fig. 1. Tunnig of the Gabor wavelet to obtain best results in term of the time of arrival estimation

Fig. 2. (left) Test sample and (right) exact (◊) and computed (*) positions of the impact point

parameters and select the best frequency for the subsequent processing. Fig. 1 shows how the parameter σw change the wavelet results. Here, the most suitable wavelet parameters for time of arrival
(TOA) estimation are f = 3000 Hz and σw = 1. TOA is then estimated at several scales using an approach based on optimal data partitioning according to their variance [3].

2. Results and Discussion
For example, we demonstrate the localisation of hammer-induced impacts in a hollow cube, see
Fig. 2 left. Similar structures are utilised as housings of many industrial machines, including gearboxes and clutches. In these machines, impacts occur when the machine is damaged, e.g. when a crack
develops in a tooth.
Five trial impact points were chosen arbitrarily, and a controlled test with an impact hammer was
performed. The induced vibrations were measured at 36 points using two moving triaxial
accelerometers and one stationary (reference) triaxial accelerometer.
The system of nonlinear equations was constructed using the obtained TOAs. The main advantage
of the system are the variable velocities of the shockwave; this advantage compensates for the
unknown shockwave path through the structure and structure geometry. However, velocities and
impact point coordinates are bounded to fulfil fair values when solving the equation system.
The proposed method proceeded with the collected data; its localisation accuracy varies from 3 to
25 cm (Fig. 2 right), depending on the chosen location of the impact point and the number of sensors.

3. Concluding Remarks
The wavelet transform has been proposed to acquire the time of arrival of waves, which result
from impacts. Next, a special system of equations has been constructed to estimate the location of
these impacts. The proposed method produces consistent results with reasonable accuracy.
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