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Abstract: This paper describes an embedded Linux-based thickness measuring system based on the Raspberry Pi 4 and the Electromagnetic Acoustic Transducer (EMAT).  The system uses Wavelet Transform and FFT for real-time signal processing, while EMAT technology eliminates the requirement for physical contact or coupling material.  The results of the experiment revealed higher precision (15.96 ± 0.01 mm) compared to conventional time-of-flight techniques (16.14 ± 0.37 mm), highlighting the significance of digital signal processing in EMAT-based thickness assessments for industrial NDT applications.
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1. Introduction
Material thickness inspection is an important procedure for controlling the integrity of industrial assets, as it directly contributes to structural stability and operational safety in a variety of industries. When completed correctly, this study has a significant impact on equipment lifecycles, maintenance planning, and risk management techniques. In industrial settings, rigorous thickness monitoring prevents failures, saves unexpected downtime, and improves maintenance resource allocation [1].

Among the main non-destructive methodologies available, ultrasonic and radiographic testing stand out as primary approaches for material inspection. Ultrasound uses high-frequency sound energy, imperceptible to human hearing, to examine materials to assess their properties and conditions without causing structural damage. Ultrasonic thickness depths are designed using sound waves with frequencies between 0.5 and 15 MHz, and in certain situations, they can exceed this range [2].

While conventional piezoelectric systems rely on direct contact and shielding, EMATs offer an alternative approach capable of operating without direct contact. However, the low efficiency of EMATs' electromagnetic-to-mechanical conversion, coupled with the requirements for connection and signal amplification equipment, with the low SNR being the main cause of complexity in signal processing, creates a research gap for the development of practical EMAT-based systems [3-4].

This research aims to construct an embedded platform that combines EMAT technology with Raspberry Pi for field deployment. The work includes numerous areas: integrate signal processing frameworks that combine Wavelet analysis with FFT techniques to reduce interference and identify echo patterns; formulating calculation approaches that address the challenges associated with electromagnetic-acoustic signal conversion; and conducting thorough performance evaluations across different material types and real-world industrial settings to practical applicability. 
2. Bibliography Review

Previous research has identified Fuzzy Logic as a processing methodology that can manage uncertainties and imprecise information, allowing the integration of different time-of-flight detection and spectrum analysis approaches for thickness measurement using EMAT [5-6]. Wavelet Transform and FFT techniques are used to remove unwanted components, increase the SNR, and extract relevant information, such as echo arrival times and signal characteristic frequencies [7-9].

Developing portable thickness measurement devices demands the use of microcontrollers capable of handling data processing operations. Compact platforms, such as Raspberry Pi, provide compelling advantages due to their versatility and connectivity options [10]. These small computing boards have integrated CPUs, memory modules, and various input/output ports, as well as Linux distributions that offer data processing.

The Daubechies mother wavelet was selected based on the study conducted by [4] to establish noise reduction through threshold value acquisition method selection. Various signal thresholding methods can be applied to the transform: fixed threshold (Sqtwolog rule), unbiased risk estimate threshold (Rigrsure rule), maximum-minimum criterion threshold (Minimaxi rule), heuristic threshold (Heursure rule), and multiresolution thresholding. These methods consider the order of first-layer wavelet coefficients, noise standard deviation, and the number of decomposition layers to enhance noise reduction performance.
Wenqiang et al. conducted a study employing an ideal single echo signal augmented with 10 dB Gaussian white noise, where wavelet decomposition was performed across five layers for the aforementioned methods. The results demonstrated that multiresolution thresholding achieved the optimal root mean square error (RMSE) and SNR metrics.
Following noise extraction from the echo signal, phase data acquisition becomes necessary, initially accomplished through Fast Fourier Transform (FFT) estimation. The FFT constitutes a signal processing method that converts signals from the time domain to the frequency domain, enabling signal analysis through discrete, equally spaced frequency components. Direct application of FFT to the echo signal facilitates more precise frequency spectrum analysis of both the original and filtered signals [9].
3. Methodology
The experiment involved a SONEMAT EMAT PR5000 pulse generator connected to a SONEMAT HWS2225-GC EMAT transducer, which was positioned directly above a 16 mm thick aluminum specimen. The pulse generator output was connected to a Tektronix TDS1102C 100 MHz oscilloscope for analog-to-digital conversion and signal sampling parameter adjustments. A Raspberry Pi interfaced with the oscilloscope via serial communication to execute the program and collect and store signals from each experiment.

Figure 1 illustrates the experimental setup where five spot thickness measurements were conducted on the specimen. The EMAT pulse generator signal was routed to the sensor, with the output directed to the oscilloscope channel. For data processing with the Raspberry Pi, USB serial communication with the oscilloscope enabled automated data collection. To identify signals based on ultrasonic wave time-of-flight, the oscilloscope was configured to collect 256 consecutive acquisitions of the same signal, thereby improving the resolution of reflection peaks through point-by-point averaging.
Figure 1. Experimental setup.
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The data was stored in a 20,000-point array, a parameter optimized for the oscilloscope configuration. To ensure accurate peak capture, a sampling frequency of 250 MHz was adopted for the experiment. Subsequently, the material thickness was processed and calculated using Python code. Figure 3 presents the signal processing flowchart used to calculate thickness in the second stage of the experiment.
Figure 2. Data processing
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4. Results and Discussion
The experiments used the conventional thickness measurement method, which calculated values based on the temporal difference between two peaks (third and fourth). The first thickness measurement algorithm preprocessed the collected data with a DC signal removal filter before calculating it using two ultrasound signal echoes. FFT was used to compare the frequency spectra of the original and filtered signals. Figure 3 shows the waveform collected through serial communication between the oscilloscope and the Raspberry Pi 4, highlighting the selected peaks for calculation and comparing the original signal with the filtered signal in the time domain.
Figure 3. Comparison between the original signal before and after dc component remove
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The frequency domain analysis revealed similar behaviors among the analyzed spectra, as shown in Figure 4. 
Figure 4. FFT peak identification with DC component
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The main difference was the presence of an accentuated peak at zero frequency in the signal containing the DC component, which confirmed the importance of preprocessing to eliminate the constant trend for accurate spectral analysis. 
Figure 5 shows the boxplot distribution of thickness measurements from five experiments, with the blue region representing the interquartile range that contains 50% of the collected data and the red line representing the median value of 16.25 mm. 
Figure 5. Thickness measurement boxplot using time-of-flight peak conventional method
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The conventional thickness measurement calculation yielded an average thickness of 16.14 mm, and a standard deviation of 0.37 mm. The results were consistent with the expected values for the conventional technique.
The second experiment included an orthogonal wavelet transform from the Daubechies family in the original algorithm's preprocessing, which was applied at five decomposition levels using a multiresolution thresholding technique. Figure 6 depicts the frequency spectrum analysis, which reveals an amplitude peak at 5 MHz that corresponds to the characteristics of the EMAT HWS2225-GC transducer used in the experiment, whose central operating frequency is optimized for this range as specified by the manufacturer.
Figure 6. FFT peak identification in the signal filtering 
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Figure 7 compares waveforms from both experiments and shows that the combined wavelet transform application resulted in higher measurement precision than the conventional approach. 
Figure 7. Comparison between the filtered signal and the signal processed with wavelet denoising
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Furthermore, the FFT was applied directly to the filtered signal via windowing to determine the dominant frequency using magnitude spectrum analysis. Figure 8 depicts the graphical analysis of the second experiment using a boxplot approach, which allowed for individual examination of predicted thicknesses for each waveform. 
Figure 8. Thickness measurement boxplot using signal processing method
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The results showed a higher level of measurement precision than the first experiment, with a median value of 15.96 mm. One outlier was found above the upper extremities, connected with experiment 5, resulting in a somewhat higher reading than the other measurements.  The results indicated a concentration near the median, with low dispersion and negligible asymmetry, indicating better measurement stability.
Table 1 compares the experimental data for both approaches, revealing that the combined procedures yielded values that were consistent with time-of-flight technique measurements corresponding to the actual thickness of the tested sample.
Table 1 – Comparison between two configurations using EMAT system
	Experiment
	Thickness (mm)
	Median (mm)
	RMSE

	Time of flight
	16,14 ± 0,37
	16,25
	0,4441

	Wavelet FFT based
	15,96 ± 0,01
	15,96
	0,2528


These results demonstrate that integrating wavelet transform preprocessing with conventional ultrasonic thickness measurement significantly enhances measurement precision and reliability. The Daubechies wavelet family applied at five decomposition levels with multiresolution thresholding effectively improved signal quality, resulting in more accurate thickness calculations with reduced measurement variability. The frequency domain analysis confirmed the critical importance of DC component removal in preprocessing, as evidenced by the distinct zero-frequency peak in unfiltered signals, which validated the necessity of proper signal conditioning for accurate spectral analysis.

The experimental results align with established ultrasonic thickness measurement principles while demonstrating substantial improvements through advanced signal processing techniques. The conventional time-of-flight method served as a baseline, with average thickness measurements of 16.14 mm showing consistency with expected values, while the wavelet-enhanced approach achieved superior precision with a median value of 15.96 mm and reduced data dispersion. This improvement represents a advancement over traditional preprocessing methods, as demonstrated by the concentrated data distribution around the median with minimal outliers in the second experiment.

The DC filtering analysis established the fundamental requirement for component removal, ensuring accuracy through proper spectral analysis. The wavelet transform integration proved most significant, demonstrating measurable improvements in precision and measurement stability compared to conventional approaches. The frequency validation at 5 MHz confirmed both experimental setup reliability and transducer performance consistency with manufacturer specifications, providing confidence in the measurement system's operational characteristics.
5. Conclusion
This study describes an embedded non-destructive testing system that uses a Raspberry Pi platform combined with EMAT ultrasound technology. To allow for precise thickness measurements, the system uses advanced digital signal processing techniques such as frequency-domain spectrum analysis, Wavelet transform, and FFT. The experimental validation revealed higher measurement accurateness compared to traditional time-of-flight techniques, with effective operation on Raspberry Pi 4, demonstrating that EMAT inspection is feasible for field applications.

The study includes testing on only aluminum specimens, which limit their applicability to other materials with different acoustic properties. Furthermore, current processing algorithms must be optimized for real-time performance in severe field conditions, and the system must be confirmed in a variability of situations, such as temperature oscillations and electromagnetic interference.

Future research should focus on comprehensive validation studies across a steel carbon, to establish applicability protocols. Improved algorithms and hardware configurations are required to achieve faster processing speeds suitable for continuous monitoring and high-throughput industrial inspection. Additionally, the integration of machine learning techniques represents an opportunity for enhancing measurement accuracy and developing adaptive measurement systems capable of real-time optimization based on signal characteristics and material properties.
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