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Abstract: The purpose of the present study is to monitor tool condition in the grinding operation 

through the electromechanical impedance (EMI) by using wavelet analysis. To achieve this, a 

dressing experiment was conducted on an industrial aluminium oxide grinding wheel by fixing a 

stationary single-point diamond tool. The proposed approach was verified experimentally at 

various dressing tool conditions. The signals obtained from an EMI data acquisition system, 

composed of a piezoelectric diaphragm transducer attached to the tool holder, were processed by 

using the discrete wavelet transform. The approximation and detail coefficients obtained from 

wavelet decomposition were used to estimate the tool condition by using the correlation coefficient 

deviation metric (CCDM). The results show excellent performance in tool condition monitoring by 

the proposed technique, which effectively contributes to modern machine tool automation. 
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1. Introduction 

The grinding operation is one of the most critical machining processes for manufacturing 

components that require high surface quality and precision. The effectiveness of the grinding process 

is significantly defined by the surface condition of the cutting tool (grinding wheel), and it is the 

dressing operation that is responsible for producing an appropriate topography for the grinding 

wheel [1–3]. In this sense, the condition monitoring of the dressing tool plays an essential role within 

the grinding operations [4,5]. To achieve this goal, indirect methods of dressing tool condition 

monitoring have been addressed, which focused on the classification and estimation of wear in single 

point dressers through statistics methods derived from sensor signals, such as acoustic emission (AE) 

and vibration, followed by machine learning based on artificial neural networks (ANNs) and fuzzy 

systems [5–8].  

More recently, the electromechanical impedance (EMI) method has taken place in the field of 

grinding process monitoring based on lead titanate zirconate (PZT) piezoelectric transducers. 
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Preliminary applications have shown the potential of the EMI method for detecting damage in single 

point dressing tools, as reported in [4,9,10]. On the other hand, it is well-know that the EMI method 

has been commonly used for different structural health monitoring (SHM) applications [11–13]. 

Among the various approaches that have been proposed to improve EMI-based damage diagnosis 

(machine learning, cognitive systems, numerical modelling), the wavelet transform has been used in 

a significant amount of research in the field of SHM in recent years. For example, the study conducted 

by [13], where the authors proposed to detect damage using the multilevel wavelet transform. In [14], 

the authors employed the wavelet transform based on Lamb waves propagation to distinguish 

different types of structural damage. In the research of [12], the wavelet transform was applied to 

detect damage in the noise environment. 

The use of EMI-based wavelet transform with particular focus to the dressing operation is an 

approach that has not been reported in the literature, which makes the present work innovative. This 

way, the purpose of this paper is to monitor the condition of the dressing tool contributing to the 

grinding process optimization. The proposed approach is validated based on experimental dressing 

trials conducted on an industrial aluminium oxide grinding wheel by fixing a stationary single-point 

diamond tool. The impedance measurements were processed by using the discrete wavelet 

transform. This paper presents a more straightforward methodology for tool condition monitoring 

in grinding operation that effectively contributes to modern machine tool automation. 

2. Experimental Setup 

To verify the effectiveness of the proposed approach, experimental tests were performed for the 

dressing operation of conventional aluminium oxide grinding wheel (38A150L6VH), with 

dimensions of 355.6 × 25.4 mm × 127 mm, from NORTON manufacturer, using a tangential surface 

grinding machine, model RAPH 1055, from Sulmecânica. An industrial single-point dresser of a 

natural diamond was used for the dressing operation. The experiment was conducted following the 

approaches reported by [4,9,15,16]. Each trial consisted of single dressing passes (grinding wheel and 

dresser diamond tip interface). Dressing speed (vfd) was kept constant at 3.45 mm/s, with a dressing 

depth (ad) of 40 µm, and without the use of cutting fluid to provide more pronounced wear. Diamond 

wear measurements of the dressing tool were performed at 100-pass intervals throughout the test 

using photographs taken from a DIGIMICRO 2.0 digital microscope, from DNT, with 20x 

magnifications, for comparative purpose. The diamond’s worn area was measured using computer-

aided design (CAD) software. Figure 1 shows the experimental setup and the DAQ system used in 

the present study, based on the approach reported in [9]. 

 

 

Figure 1. Proposed system configuration based on [9] using wavelet analysis for tool condition 

monitoring. 

As a transducer, a low-cost PZT piezoelectric diaphragm, model 7BB-20-6, from MURATA, was 

used. This transducer consists of a circular brass of 20 mm diameter and 0.20 mm thickness, and a 

piezoelectric ceramic (active element) of 14 mm in diameter and 0.22 mm in thickness. The 

piezoelectric diaphragm was fixed to the dresser holder by a thin layer of cyanoacrylate glue. To 

monitor the temperature, a digital thermometer, model MT455 from MINIPA, equipped with a k-
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type thermocouple was used. The reference temperature adopted for all measurements was 30 °C., 

The alternative EMI system proposed by [11] was employed The DAQ device used in the present 

study was the NI USB-6221 model from National Instruments, with a sampling rate of 250 kS/s (kilo 

samples per second) to measure the impedance signatures. The transducer was excited by a 2.2 kΩ 

resistor and a 1 V amplitude chirp. According to Figure 1, the DAQ device is based on the LabVIEW®  

software, which has an analogical output to provide the output excitation signal 𝑥(𝑡) through the 

digital-to-analogical converter (DAC), as well as an analogical input for the signal response 𝑦(𝑡) 

acquisition via the analogical-to-digital converter (ADC). Subsequently, the digital content of the 

excitation and response signals, respectively, were processed on the computer. The connection 

between the DAQ device and the computer was achieved through a universal serial bus (USB). Time-

domain voltage (V) signal measurements corresponding to the electrical impedance signatures were 

recorded before the experiment (baseline) and during an interval of 100 dressing passes to detect 

structural damage. The digital processing of the collected signals was performed in the MATLAB®  

software.  

The signal feature extraction was performed using the discrete wavelet transform. In this way, 

it is worth to note that, due to the multi-resolution capability of a wavelet transform, noisy signals 

can be separated into various approximation and detail signals by wavelet coefficients. Wavelet-

based damage diagnosis is made by comparing the approximation and detail coefficients for each 

wavelet level between baseline and damage condition signals 𝑦[𝑛] measured with the EMI method, 

as addressed by [12,13]. For this purpose, the MATLAB®  wavedec function was implemented using 

the sym4 wavelet family for decomposition, based on the approximation 𝑐1[𝑘]  and detail 𝑑1[𝑘] 

coefficients computed from Equations (1) and (2), respectively. 

 

 𝑑1[𝑘] = ∑ 𝑔1

𝑛

[𝑛 − 2𝑘]𝑦[𝑛] (2) 

According to Equations (1) and (2), the wavelet decomposition is based on the pair of finite 

impulse response (FIR) digital filters, where the first level of decomposition is composed of a high-

pass filter and a low-pass filter with impulse responses 𝑔1[𝑛] and ℎ1[𝑛], respectively, generating the 

approximation and detail coefficients. The next levels of approximation and detail are obtained by 

decomposing previous levels applying the impulse responses. Thus, the decomposition based on the 

discrete wavelet transform consists of a maximum of log2 𝑁  stages, since each calculated level 

produces a half-reduced sample rate sequence [12,13]. In the present study, several levels of 

coefficients were tested by computing the correlation coefficient deviation metric (CCDM), using Eq. 

3, and the best levels were chosen to describe the condition of the dressing tool. Thus, this analysis 

will allow decision-making and estimation of the tool condition in the dressing operation, and 

consequently in the grinding process. 

 

  𝐶𝐶𝐷𝑀 = 1 − ||
∑ (𝐶𝑘,𝐻 − �̅�𝐻)(𝐶𝑘,𝐷 − �̅�𝐷)𝑘

√∑ (𝐶𝑘,𝐻 − �̅�𝐻)
2

𝑘
√∑ (𝐶𝑘,𝐷 − �̅�𝐷)

2
𝑘

|| (3) 

 

In Equation (3), 𝐶𝑘,𝐻  represents the kth approximation or detail coefficient of the wavelet 

transform (k = 1, 2, ... N) in a healthy (baseline) condition and 𝐶𝑘,𝐷 represents the kth approximation 

or detail coefficient of the wavelet transform for the damaged structure. This analysis is based on the 

methodology proposed by [13], where the CCDM indices of the 𝐶(𝑘) coefficients were normalized 

from 0 to 1. Thus, if the index tends to zero, there is no damage, and the lower values indicate lower 

residual variation. However, as the index increases, it assumes that damage has occurred to the 

structure, where the maximum value for the indices is 1 (100%). 

3. Results and Discussions 

 
𝑐1[𝑘] = ∑ ℎ1

𝑛

[𝑛 − 2𝑘]𝑦[𝑛] (1) 
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3.1. Tool Wear Analysis 

Table 1 shows the worn area of the dresser diamond tip throughout the experiment, which was 

obtained from measurements taken sequentially at 100 passes (damage 1), 200 passes (damage 2) and 

300 passes (damage 3). According to Table 1, the dresser diamond tip presented the most significant 

wear after 200 dressing passes, reaching the end of its useful life, i.e., when the diamond was 

completely damaged, at 300 dressing passes (100% of wear). It is possible to observe that the diamond 

followed a trend throughout the experimental test, i.e., the worn area increases significantly to the 

number of passes. 

Table 1. Wear area of the diamond. 

Dressing passes 100 200 300 

Tool wear (%) 28 % 55 % 100 % 

3.2. Discrete Wavelet Analysis based on EMI for Tool Condition Monitoring 

Normalized CCDM indices were obtained for the approximation and detail coefficients, which 

are shown at five wavelet decomposition levels in Figure 2. Thus, the conditions of the dressing tool, 

i.e., baseline (healthy), 100 passes (damage 1), 200 passes (damage 2) and 300 passes (damage 3), are 

shown at each of the decomposition wavelet levels. It is observed that the higher values of the CCDM 

indices are mainly concentrated in damage 3 (300 passes) for both approximation (Figure 2a) and 

detail (Figure 2b) coefficients. 

  

(a) (b) 

Figure 2. Normalized CCDM for: (a) approximation; and (b) detail coefficients. 

Thus, as the dressing test was performed, the CCDM indices presented a trend of increasing in 

terms of amplitude. Therefore, the values were lower for damage 1 (100 passes). However, it can be 

observed that the trend at each particular level is not entirely linear and increasing. For example, the 

CCDM index for the approximation coefficients (Figure 2a) showed an utterly satisfactory behaviour, 

in terms of correspondence with actual dressing tool condition, for practically all coefficient levels, 

except for level 5 where an increasing trend was not observed. On the other hand, according to Figure 

2b, for the detail coefficients, most results of the CCDM indices were higher and more prominent 

when compared to the approximation coefficients (Figure 2a). For example, levels 3, 4 and 5 showed 

entirely satisfactory results corresponding to the actual dressing tool condition, with particular focus 

to level 3, where the CCDM index presented the best result. 

However, for comparison purposes, level 4 presented the best performance between both 

approximation and detail coefficients, since levels 2 and 3 were not simultaneously satisfactory for 

both cases. For further details, an enlargement is shown in Figure 3, where a comparison of the 

approximation and detail coefficients of the time domain response signals corresponding to baseline 

(healthy) and 300 dressing passes (damage 3), respectively, were made. Thereby, from an 

enlargement of the graph, it is possible to note variations between baseline and damage condition, 
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characterizing the level 4 sensitivity for both approximation and detail coefficients to estimate the 

dressing tool condition. 

  

(a) (b) 

Figure 3. Magnification for (a) approximation; and (b) detail coefficients at level 4. 

4. Conclusion 

This work aimed to contribute to the condition monitoring of the dressing tool based on the EMI 

method using wavelet analysis, in which the approximation and detail coefficients estimated the tool 

condition. By selecting an appropriate decomposition level for the approximation and detail 

coefficients, it was possible to identify a correspondence with the actual dressing tool condition (wear 

level) using the CCDM metric. In this context, as the damage occurs in the diamond, the indices 

become more prominent, with particular focus to level 4, which presented the best correspondence 

with the dressing tool condition in both approximation and detail coefficients. From this analysis, an 

amplitude threshold can be set before the dresser diamond tip is damaged, avoiding dressing 

operations performed with damaged tools, thus providing the correct overlap ratio and sharpness to 

the grinding wheel. 
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