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Abstract. The effective use of Acoustic Emission (AE) principle for on line 

measurement of Particle Size Distribution (PSD) in quality control of industrial 

processes such as in power, cement, chemical, food, pharma sectors is presented. 

The application developed by Loccioni illustrates how wideband monitoring of AE 

constitutes a powerful monitoring tool, successfully applied in order to estimate  

PSD within processes of industrial plants.  

 The working Principle of AE sensors, which enables measurement of surface 

waves propagation on metallic structures up to 1 MHz and 165 °C in ATEX 

environments will also be shortly described. Most importantly, ATEX certification 

considerations will then be discussed. An understanding on what requirements are 

suitable for sensors and electronics depending on their location (Hazardous area, 

Safe area, Zone 0, Zone 2, Zone 22) will be provided. Last but not least, 

performances of available measuring chain options will be investigated. A specific 

focus will be made on the influence of Zener Barriers and their usage between an 

ATEX sensor and a non ATEX coupler on the real time AE signal. Different barriers 

from the market will be compared to the new Wideband Zener Barrier from Kistler 

and a study on how this could influence PSD estimation will be conducted. 

 

Introduction  

On line measurement of Particle Size Distribution (PSD) is a real breakthrough in quality 

control of industrial processes for several applications. Indeed, in power, cement, chemical, 

food, pharma sectors powders appear as fuels, finished or semi-finished products, thus it is 

important that their characteristics are compliant with strict process specifications, both 

from the chemical and the physical point of view, in order to achieve the best effectiveness 

for the process. For example, particle size can significantly affect the ability of burning of 

coal powder, the mechanical resistance of cements, and the ability to mix and react in 

chemical, pharma and food processes. For this reason, several techniques have been 

developed in order to measure the particle size of powders suspended in a gaseous flow, 

along the process. Some of them rely on costly laser techniques [1] (diffraction, light 

scattering, spatial filters, etc.) that generally require the installation of cumbersome devices, 

in some applications they are intrusive or eventually need to be connected to a bypass 

branch from main process line. Furthermore, these devices are not all considered to be 

ATEX compliant. However, the most common practice is still to perform manual checks by 
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sampling powder at specific points of the process and at specific times and then analysing 

the collected samples in a laboratory.  

In the last years Acoustic Emissions (AE) have demonstrated to be a valid 

alternative to those reference techniques, by allowing good measurement performances, 

with lower expenses and less installation complexities. In particular, the Italian company 

Loccioni has developed a system called POWdER which is able to monitor PSD in a non-

intrusive way by measuring the AEs generated by the impingement of a powder flow 

against the wall of the duct within the powder is transported. This system has been already 

successfully used for control of the grinding process in coal fired power plants (see [1] and 

[3]).  

The same principle can be suitable for other industrial application as well. One of 

the most challenging is represented by the measurement of powder excipients or bulking 

agents used in the food industry. In particular, most of the industrial creams and pastes are 

obtained from a batch of dry powders mixed according precise recipes. For those mixes the 

average particle size is fundamental in defining quality and workability of the final 

cream/paste. The Possibilit of continuously measuring the PSD of the final mix would let 

the producer adjust his process in real time while finding the best matching between quality 

of the final product and energy consumption connected with grinding and blowing 

operations. Furthermore, the use of an automatic measurement system would reduce or 

eliminate the need of manual checks that are time consuming and most often affected by 

the operator skills.  

In this work it is shown how the use of a suitable measuring chain connected with 

advanced artificial intelligence techniques can be a powerful tool in order to monitor PSD 

of a mix made of sugar and dry milk used in the bakery and sweets industry. The main 

challenges involved in this kind of industrial application can be summarized as, high 

temperature, ATEX requirements and very fine powder to measure. 

1. Acoustic Emission Sensor Design 

Acoustic Emission (AE) measuring chains are especially well suited for measuring high 

energy surface waves above 50 kHz on the surface of metallic components, structures or 

systems. Such AE results from flow perturbation, leakage, plastic deformation of materials, 

crack formation, fracturing, friction and fatigue. Recent applications have required an 

evolution in measuring chain capabilities. Higher temperatures up to 165 ºC are often 

encountered in power generation monitoring applications. In addition, ATEX certifications 

are compulsory to work in hazardous environments where explosive gases and dust are 

always present such as in the petrochemical and food industries or power plants. These 

measuring chains can be used to detect leaks in piping, valve failure, flow turbulences or 

even coal particle size monitoring in coal power plants [2], [3].  

Kistler 8152C Piezotron AE sensor is used for measuring AE from 50 kHz up to 

900 kHz. The piezoelectric ceramic sensing element is mounted on top of a stainless steel 

diaphragm which in turn is welded to its stainless steel housing (Fig. 1). The diaphragm 

coupling surface protrudes slightly below the housing and when mounted, provides a well-

defined coupling force. This provides a reproducible coupling of the sensor to the mounting 

structure and repeatable measurement results. The sensing element is largely acoustically 

isolated from the housing due to its design and it is well protected from external noise. An 

internal impedance converter is incorporated in the 8152C AE sensor and provides a low 

impedance voltage output signal. An internal high-pass filter prior to the impedance 

converter provides protection from low frequency AE signals and shocks either saturating 

the impedance converter or causing damage to it. More details can be found in [2]. 
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Fig. 1. Acoustic Emission sensor type 8152C, Cross Section 

The relatively complex high frequency AE signals need then to be processed by the 5125C 

Coupler. Refer to Fig. 2 which shows a block diagram of the measuring chain. 

 

 
Fig. 2. AE Measuring Chain Block Diagram 

Depending on the amplitude of the AE signal, the gain of the amplifier stage needs to be 

set. This gain is usually 1, 10, or 100 which sets the range of signal amplitudes to be 

processed. A band-pass filter allows processing of the desired frequency range of the AE 

signals. The right choice of the filters (high-pass and low-pass) affects the signal to noise 

ratio. Typically, AE signals range between 50 kHz and 1 MHz by determining the 

characteristic signal frequency, a narrower frequency range can be set which increases the 

signal to noise ratio and the repeatability of desired signal detection. Different outputs are 

then available depending on the application: Raw High Frequency AE output, 4-20mA or 

RMS Output calculated according to a selected time constant and Alarm Switch set 

according to the RMS output. More details can be found in [2]. 

2. ATEX/IS Environments Considerations 

In Hazard environments, where explosive gases and dust are always present, only electrical 

and electronic components certified as ATEX or Intrinsically safe (IS) can be used. Once 

certified, those ATEX/IS Measuring Chain can be installed in both the Hazard area and 

Safe Area.  

In the case where the Hazard Area is classified as Class I Zone 0 or Class II Zone 

20, an Intrinsically Safe (IS) Zener barrier is required at the boundary of the Hazard and 

Safe area in order to fuse and/or clamp any unwanted voltages and currents that may 

inadvertently be produced in the Safe area from the Hazard area. In the case of the AE 

measuring chain, it also limits the current and/or voltage to the Hazard area sensor in case 
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of sensor failure or short protecting the area which may contain ignitable gases or dust from 

a potential spark caused by any overvoltage or overcurrent situation.  

In the first AE measuring chain configuration shown in Fig. 3, the 8152C… 

ATEX/IS sensor and 5125C0… ATEX/IS coupler are located in the Hazard area while four 

IS commercial barriers are used at the boundary of the Safe and Hazard area. In such a 

case, both sensor and coupler must be ATEX/IS certified. In order to be compliant with 

those requirements, the High Frequency signals from the Raw AE output of IS coupler is 

unfortunately not available. Only the RMS output is supported. 

 

 
Fig. 3. Type 8152C Sensor in Hazard Area Zone 0, Type 5125C Coupler in Hazard Area Zone 0 –only RMS 

output available. 

If the high frequency raw AE signal is to be used for the specific application, the 5125C0… 

coupler must be placed in the Safe area as shown in the configuration of Fig. 4. An IS 

Barrier will then be needed between the coupler and 8152C….1 IS AE Sensor.  

 

. 
Fig. 4. 8152C Sensor in Hazard Area Zone 0, Type 5125C Coupler in a Safe Area – Real-time AE output and 

RMS output available. 

Most commercial IS Barriers have a limited flat bandwidth frequency response which is a 

cause for concern to relatively High Frequency AE signals that range from 50KHz to 

1MHz. In fact most barriers are not designed for high frequency response at all. For 

example, flat bandwidth of most barriers is a few kilohertz. This would then lead to an 

unwanted filtering of the high frequency raw AE signal which was of interest in the first 

place. A comparison of the frequency response of commercial barriers with the brand new 

5252A Wideband Zener Barrier is provided in Fig. 5. 
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Fig. 5.  Frequency response of Type 5252A... Wideband Barriers compared to other brands on the market 

As shown in Fig. 5, the standard Zener barrier from the market, in violet, has a flat 

frequency response out to about 70 KHz while the Kistler 5252A1, in blue,  has a flat 

response to 1MHz. The low cut-off frequency of standard barrier output would filter the 

signal significantly. This increase in frequency response from the Kistler output should 

improve the AEs Measuring Chain performance. The other barrier from another AE chain 

supplier has significant distortion of the signal that is not shown here in addition to the fact 

that the frequency response requires significant compensation. With the Kistler barriers a 

sinewave into the barrier is a perfect sinewave out with no distortion.  

In the following section both configurations of Fig. 4 using a standard commercial 

barrier and of Fig. 6 using new 5252A Wideband Zener barrier will be used and compared. 

 

 
Fig. 6. 8152C Sensor in Hazard Area Zone 0, Type 5125C Coupler in a Safe Area using Kistler 5252A Zener 

Barrier– Real-time AE output and RMS output available. 

3. Application Example 

3.1 Application Description  

In this section, we will show how the use of a suitable AE measuring chain connected with 

advanced artificial intelligence techniques can be a powerful tool in order to monitor PSD 

of a mix made of sugar and dry milk involved in the bakery and sweets industry. For this 
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application the temperature of the mixture to be measured is about 80°C and the average 

temperature of the piping wall is 75°C, while conventional sensors can bear up to 50°C. 

Furthermore, the proximity of the grinders and connections to devices such as filters, valves 

etc., are areas classified as ATEX 22 according the European directive 99/92/EC, since 

those kind of powders can generate potential explosive atmospheres. Finally, the average 

size of the particles to be measured can vary from 20µm to 100µm that is further beyond 

the measuring range validated for the system POWdER (typically 75µm-300µm). 

In the following will be shown results from experimental tests carried out on a test 

rig reproducing the actual conditions of the typical conveying line used in a real food 

processing plant. In particular, two mixes with two different PSD have been measured. 

Measurements have been carried out by using Kistler AE measuring chain and testing two 

different Zener barriers, a commercial general purpose one where the frequency response 

was already observed in Fig. 5 (in violet) and the new Kistler 5252A Wideband Zener 

Barrier dedicated to AE measurement with a frequency response also shown in Fig. 5 in 

blue. Finally results are showed and compared.  

3.2 Test Rig Description  

 

 
Fig.7. Test-rig layout 

The test rig is made with an open ring piping where the powder mix is suspended in air and 

circulated. The average length of the piping is 10m while the diameter is DN50. Air 

circulation is operated by an ejector that allows changing air velocity between 10m/s and 

18m/s by adjusting the pressure of the ejector driving air. Air velocity is measured through 

a pitot tube. At the end of the piping, there are two elbows so that there is a reasonable 

chance that the powder hits against the pipes, and a bag filter in order to collect launched 

powder at the exit. AE sensor is installed by means of a clamp on the external wall of one 

of the final elbows of the piping. Note that in such a way it is possible to monitor the 

behaviour of the powder flow in a non-intrusive way without interacting with it. Fig.7 is 

showing the complete layout. 

3.3 Acquisition System and Measuring Principle  

The system used in this work is a custom version of the commercial system Loccioni 

POWdER, used for test only purpose. It is made up by two cases, a big case with a power 

supply and a 1 MS/s acquisition unit, and a small case with conditioning hardware for the 

Kistler ATEX AE sensor 8152C, i.e. the Kistler Coupler, Type 5125C and the Zener 
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barrier. During tests, two different barriers have been used and compared: a commercial 

one single channel barrier, suitable for working with the Kistler AE Sensor (as per Fig. 4), 

and the new Kistler 5252A Wideband Zener Barrier (as per Fig. 6).  

POWdER measuring principle relies on Hertzian impact theory [4], according to 

which energy released by a particle impinging on the surface of a rigid body, generates a 

system of elastic waves within the body, formally equivalent to a source of AE. POWdER 

uses a suitable proprietary algorithm developed by Loccioni able to correlate the AE 

generated by a flux of particles when they hit the metal surface of the piping, by applying 

advanced system identification techniques and by using a grey box approach [6]. 

For this work, in order to overcome the challenges connected with the extreme low 

size of the analyzed particles, it has used a modified version of the standard algorithm that 

relies on automatic classification. This approach uses a machine learning technique able to 

identify, in a discrete way, the different types of powders flowing inside the duct, at a given 

time instant, by analysing 64 features, meaningful for the energy of the signal, extracted 

from the raw AE signals. The implemented algorithm is based on a modified Support 

Vector Machine (SVM) [7].  

In the following, performance of the SVM model, meaningful for the ability of the 

system to distinguish between different kinds of powder, is evaluated in terms of accuracy 

by means of the procedure of K-folds Cross Validation (CV) [8]. For this work, each fold 

contains the 15% of whole available dataset, thus 6 subsets are selected. The complete 

dataset includes 388 examples, so each fold is made up by 65 examples. 

 

3.4 Design of Experiments  

Two mixtures of sugar and dry milk, used in the bakery and sweets industry, with two 

different PSDs have been analysed. The reference PSD measured with the standard sieving 

procedure is shown in Table 1 and in Figure 8:  
 

Table 1 – PSD of the two analysed mixtures 

size R20µµµµm 
(> 20µm & <32µm) 

R32µµµµm 
(> 32µm & <45µm) 

R45µµµµm 
(> 45µm & <75µm) 

R75µµµµm 
(>75µm) 

Mix 1 2.97% 37.45% 36.48% 23.09% 

Mix 2 10.23% 35.15% 24.85% 29.70% 

 

Each column of the table represents the weight percentage of powder greater (retained by 

the mesh of the sieve) than a certain size. As it is shown in Table 2 , the two mixtures are 

very different in terms of composition. In mixture 1 PSD is more uniform and smallest 

particles accounts only for few percent, while in mixture 2 there is the simultaneous 

increase of the fractions of large particles >75µm and small particles <32µm. Tests have 

been carried out in two different phases:  

• A preliminary tests phase, aimed to evaluate differences amongst signals obtained using 

two different Zener barriers, the commercial general purpose one and the new 5252A1 

Kistler dedicated to AE measurement.  

• an actual test phase, carried out using the complete Kistler AE measurement chain, 

where two powder mixtures have been circulated in the piping under different air 

velocities and air pressure conditions: from 10 m/s to 18 m/s and from 2bar to 4.5bar, 

respectively.   
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Figure 8. PSD (percentage and cumulative) of the two tested mixtures 

3.5 Results 

3.5.1 Preliminary Test Phase  

During preliminary tests, the two mixtures have been circulated within the piping and AE 

signals were acquired using the same Kistler measurement chain, but in a first set of 

measurements the commercial Zener barrier, hereafter called old barrier, has been used, 

while in a second set of measurements the new Kistler 5252A1 Wideband Zener Barrier, 

hereafter called new barrier, has been used instead. Signals have been compared at the same 

air speed, 13 m/s, and same air pressure, 3.5 bars, for the two mixtures.  

As it is possible to see in Fig. 9 and Fig. 10, the new Kistler 5252A Wideband 

Zener Barrier obtains a higher signal level above frequencies of 100Khz. This was possible 

due to the reduced attenuation of this barrier, developed specifically for this purpose. In 

particular, the greatest difference is clear between 200 kHz and 400 kHz where the 

measurement is more sensitive to PSD change, as it will be shown in the following. 

 

Fig. 9. AE spectra comparison between old and new 

barrier for Mixture 1 

Fig. 10. AE spectra comparison between old and new 

barrier for Mixture 2 

3.5.2 Actual Tests Phase about the Effect of PSD 

These tests were aimed to evaluate influence of PSD on acquired AE signals and to build a 

classification model able to identify the different mixtures at different operative conditions. 
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Fig. 11. Comparison between AE spectra of air, Mixture 1 and Mixture 2 

In Fig. 11 compares spectra of AE signals measured for air flow without any powder (air), 

for the mixture 1 and for the mixture 2 respectively. For sake of brevity, spectra have been 

averaged on several acquisitions carried out at different transportation air velocities and 

pressures. As it is easy to see the spectra of air, mixture 1 and mixture 2 can be easily 

distinguished one from another. This represents a very meaningful result since it 

demonstrates that AEs are able to catch the presence of those small particles and 

differences between different PSDs. In particular, spectra amplitude changes significantly 

in the frequency band of 150-450 kHz. 

Unfortunately, it is not possible to analytically relate the spectra with the PSD, so in 

order to overcome this limitation, a machine learning technique have been used. Due to the 

limited number of observations and PSDs, this work has been used as a classification model 

aimed to distinguish amongst powders and air. In particular, a suitable SVM model has 

been trained on the collected data that have been divided into 3 classes: 

• Class 0, associated with the signals generated by the only airflow inside the duct; 

• Class 1, associated with the signals generated by the powder Mixture 1; 

• Class 2, associated with the signals generated by the powder Mixture 2. 

As mentioned before, the ability of the SVM model to classify correctly the AE signals, 

has been evaluated through the technique of Cross Validation. The average accuracies, 

obtained from the CV, are reported in Table 2, both for Training set and Testing set, in 

terms of mean and variance. 

 
Table 2 - Accuracy Results with the implemented SVM algorithm 

Mean Accuracy Train Set 99.64%

Variance Train Set 0.2077

Mean Accuracy Test Set 93.27%

Variance Test Set 15.5511  

Results show that the proposed approach provides an average accuracy over 90%, both in 

the test and training sets, which indicates the good robustness of this technique.  

Another tool to better understand previous results is the Confusion Matrix. Each 

column of the matrix represents the instances in a predicted class while each row represents 

the instances in an actual class. Table 3 reports the mean confusion matrix, coming from 

the CV. The diagonal values of the matrix represent the correct classifications for each 

class; instead the values outside the main diagonal are misclassified examples. 
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Table 3 - Confusion Matrix that reports the classification results obtained with SVM algorithm 

  PREDICTED 

 
 

Class 0 Class 1 Class 2 

A
C

T
U

A
L
 Class 0 32 1 0 

Class 1 1 12 1 

Class 2 2 0 16 

 

By analysing Table 3, it is possible to see that air (Class 0) is misclassified only one 

time as mixture 1 (Class 1); mixture 1 is misclassified 1 time as air and 1 time as mixture 2, 

mixture 2 is misclassified both times as air. Around 93% of the signals used as test set, 

have been classified correctly. Then, it is easy to understand that, on the average, the 

obtained accuracy from this kind of implementation approach can be considered suitable 

for real time process control. 

Conclusions 

This paper gave an overview about AE measuring chain layout and the requirements for it 

to be able to work in ATEX/IS environment. This measuring chain has been embedded on a 

system called POWdER aimed to perform the classification of powders used in the food 

industry, challenged by high temperature, ATEX requirements and very fine powder to 

measure. The focus has been on showing the wide bandwidth capabilities of the 5252A 

Zener barrier in this environment and how it can be used to refine results of POWdER and 

the Kistler measuring chain that provides a classification accuracy of greater than 90%. 

Thus such tool can be virtually applicable for real time process control for food, pharma, 

chemical, cement sectors. As a further development of this approach there will be the 

implementation of an optimized regression algorithm, similar to the one used in [2] for coal 

powder, in order not only to classify well identified type of mixtures, but also to directly 

measure the value of PSD of whatever powder mixture. 

References  

[1] T. Allen, Particle Size Measurement, fifth ed., vols. 1–2, Chapman & Hall, 1997. 

[2] A.Cook, S. Collura, M. Dumont, T. Urbank, 2014, Continuous Monitoring of Powder Size Distribution 

using High Temperature ATEX Acoustic Emission Sensors, 31st Conference of the European Working Group 

on Acoustic Emission (EWGAE) – Th.3.B.2. 

[3] S. Collura, D. Possanzini, M.Gualerci, L.Bonelli, D.Pestonesi, 2013, Coal mill performances optimization 

through non-invasive online coal fineness monitoring, Powergen Wien. 

[4] D.J. Buttle, C.B. Scruby, 1991 Characterization of dust impact process at low velocity by acoustic 

emission, Acoustic Emission: Current Practice and Future Directions, ASTM STP 1077, Eds. American 

Society of Testing and Materials. 

[5] M.F. Leach, G.A. Rubin, J.C. Williams, 1977, Particle size determination from acoustic emissions, 

Powder Technology 16 153–158. 

[6] L. Ljung, 2008, Perspectives on system identification, Plenary at the IFACCongress 2008. 

[7] V. N. Vapnik, “The Nature of Statistical Learning Theory”, New York, NY, USA: Springer-Verlag New 

York, Inc., 1995. 

[8] D. E. Rumelhart, G. E. Hinton, and R. J. Williams, “Neurocomputing: Foundations of research,” J. A. 

Anderson and E. Rosenfeld, Eds. Cambridge, MA, USA: MIT Press, 1988, ch. Learning Representations by 

Back-propagating Errors, pp. 696–699. 

 


