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ABSTRACT 

 

Noise-induced hearing loss (NIHL) is one of the most common occupational related 

diseases in the United States. The mining industry has a higher prevalence of hazardous 

workplace noise exposure than any other major industrial sector. Noise measurement and 

controlling guidelines currently used in the mining industry are based on the equal energy 

hypothesis (EEH), which states that loss of hearing by exposure to noise mainly depends 

on the total acoustic energy of the exposure. Previous research on NIHL showed that the 

EEH cannot accurately rate complex noise (i.e., impulsive noise mixed with continuous 

Gaussian noise). Since many coal mine work places are subjected to high-level complex 

noise, there is concern that present noise control techniques are inadequate. Moreover, 

conventional sound level meters based on EEH focus on evaluation of overall sound 

pressure level (SPL), and they are limited on accurate measurement of high-level 

complex noise. In this project, a novel noise measurement system was developed, which 

focuses on detection and measurement of noise waveforms. Pilot field noise 

measurements have been collected using the developed system in two selected Illinois 

coal mining facilities – one a wet coal preparation plant and the other a dry coal handling 

plant. A wavelet transform based algorithm has been applied for characterization and 

analysis of complex noise measured in the field. Additionally, a graphical user interface 

has been developed for assessing field noise. Preliminary results show that the developed 

system can effectively collect and measure waveforms of high-level complex noise found 

in coal mine environments. These newly developed metrics, together with conventional 

noise metrics, can more accurately assess the auditory risk of high-level complex noise. 

Finally, a passive earmuff has been evaluated in the field. Results show that the passive 

earmuff cannot significantly reduce noise at low frequency. Consequently, such a passive 

earmuff may not effectively protect miners from high-level complex noise. 
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EXECUTIVE SUMMARY 

 
The work being reported herein was conducted as part of an exploratory research (ER) 

project funded by the Illinois Clean Coal Institute (ICCI). The project focused on 

addressing noise-induced hearing loss (NIHL) in the Illinois coal mining industry. A 

waveform profile based noise measurement system and a wavelet transform (WT) based 

signal analysis algorithm were developed for assessment of high-level complex noise in 

typical coal mining environments.  

 

Although significant progress has been made in developing physical hearing protectors 

and in controlling work-related noise exposure, NIHL still remains as a severe health 

problem in the United States (US) coal mining industry. Noise measurement methods and 

devices currently used (i.e., conventional sound level meters) are designed based on the 

equal energy hypothesis (EEH), and cannot accurately measure and evaluate high-level 

complex noise. To address this problem, new technologies for measurement and analysis 

of complex noise are needed.  

 

The goal of this proposed research was to develop new technologies of acoustical 

measurement and signal analysis for assessment of high-level complex noise in the coal 

mining industry. Detailed objectives of the project were to: 1) Develop a waveform 

profile based noise measurement system; 2) Modify and implement a WT-based 

algorithm for noise analysis; 3) Conduct pilot field measurements using the developed 

system in selected southern Illinois coal mines; and 4) Characterize and assess complex 

noise measured in the field. 

 

The experimental procedure and main results of the project can be summarized as follows: 

 

1. A waveform profile based noise measurement system (SIU system) has been 

developed. The SIU system is different than a conventional sound level meter (SLM), 

which is commonly used in the mining industry. It consists of an acoustical test 

fixture with two contained ½-inch condenser microphones, two free-field ½-inch 

condenser microphones, one 4-channel microphone amplifier, a data acquisition 

device, and a laptop computer. After development, the system was tested and 

validated by using varied noise signals, including Gaussian continuous, impulsive, 

and complex noises in the PI’s lab. Validation results show that the SIU system is 

comparable with a conventional SLM at SPLs from 83 to 120 dB. The SIU system 

can successfully measure and record entire waveforms of noise signals. In addition, 

the SIU system has higher sensitivity and precision compared with the SLM.  

 

2. Pilot field measurements have been conducted in a wet coal preparation plant and a 

dry coal handling plant to validate the developed SIU system in real high-noise 

environments. Three locations were selected for each set of field measurements. 

Complex noise signals were collected and measured by the SIU system. In these field 

measurements, the SIU system successfully recorded waveforms of four noise signals 

simultaneously demonstrating that it can be used as an effectively tool to assess 

complex noise in the field. 
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3. A Morlet WT algorithm has been applied to analyze and characterize noise signals 

measured in the field. Preliminary results show that the WT can display much more 

detail on noise signals in the T-F domain than in time and/or frequency domains alone. 

The WT technology can be used in analyzing complex noise signals, and it is more 

advanced than regular fast Fourier transform (FFT) technologies. In addition, two 

WT-based noise metrics, FDK and LWTeq(ω), have been proposed and discussed in 

this study. These new metrics, together with conventional noise metrics, can more 

accurately assess the auditory risk of high-level complex noise in coal mining 

environments. 

 

4. A graphical user interface (GUI) has been developed for the assessment of noise 

signals measured in the field. The GUI consists of both conventional noise metrics 

(including noise waveform, spectrum by FFT, frequency distribution on 1/3 octave 

bands, LAeq, LCeq, Lpmax, and time-domain Kurtosis) and new WT-based noise metrics 

(including SPL distribution in the T-F domain, frequency-domain Kurtosis, WT 

decompositions at different levels, and WT-based Leq). The GUI is a convenient tool 

for noise signal analysis, and can be applied to analyze different noise signals in other 

applications.  

 

5. A typical passive earmuff was evaluated in the field. Field measurements show that 

the passive earmuff cannot effectively reduce noise at low frequency, although it is 

effective in reducing noise at high frequency. Such a passive earmuff may not 

effectively protect miners from high-level complex noise, which can have a large 

low-frequency component. It is suggested that more effective hearing protection 

devices are needed in the coal mining industry.  

 

In summary, this ER project focused on the investigation of complex noise in the coal 

mining industry. The study provides valuable advances in research efforts on reducing 

NIHL. Results will serve as a stepping stone toward developing new technologies that 

significantly impact the hearing health of miners, thus benefitting the mining community 

and society at large. 
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OBJECTIVES 

 
The goal of this research was to develop new acoustical measurement and signal analysis 

technologies for assessment of high-level complex noise in the coal mining industry. 

Specific objectives were:  

 

1) To develop a waveform profile based noise measurement system;  

2) To modify and implement a wavelet transform based algorithm for noise analysis;  

3) To conduct pilot field measurements using the developed system in selected coal 

mine environments; 

4) To characterize and assess complex noise measured in the field. 

 

The study was divided into the following tasks: 

 

Task 1: Development of a Waveform Profile Based Noise Measurement System: A wave-

profile based noise measurement system was developed consisting of an acoustical test 

fixture with two contained ½-inch condenser microphones, two free-field ½-inch 

condenser microphones, a 4-channel microphone signal conditioning amplifier, a 16-bit 

data acquisition device, and a laptop computer. LabVIEW software was programmed to 

control the system and to record and save waveforms of complex noise signals.  

 

Task 2: System Testing and Validation: The developed system was tested and validated 

using various noise signals including Gaussian continuous, impulsive, and complex noise. 

These signals were generated using a digital noise exposure system in the PI’s lab. The 

performance of the designed field measurement system was compared to a conventional 

sound level meter (NTI SLM XL2) with ½-inch microphone.  

 

Task 3: Conduct Pilot Field Measurements: With the newly developed system, pilot field 

measurements were collected in selected coal mine facilities (e.g., a dry coal handling 

plant and a wet coal preparation plant). In each field measurement, waveforms of 

complex noise were collected for detailed measurement and analysis. Different operating 

conditions (e.g., loading at 100% of normal capacity) in each cooperating facility were 

considered. Pilot field measurement data were used to validate the system and 

characterize complex noise from a variety of coal mining environments. 

 

Task 4: Modification of a Wavelet Transform Based Algorithm: A wavelet transform 

based signal analysis algorithm was modified and used for noise analysis. It was 

validated using simulated complex noise signals and used to measure various test signals.  

 

Task 5: Characterization and Assessment of Field Measurement Data: The modified 

algorithm will be used to analyze the field measurement data. The algorithm will provide 

detailed information in the time-frequency (T-F) domain, and decompose the complex 

signals into their components. The key features of the complex noise in mining field will 

be determined. Complex noise in varied coal mining facilities will be characterized and 

assessed, and the hazardous complex noise level will be identified. 
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INTRODUCTION AND BACKGROUND 

 

Noise-induced hearing loss (NIHL) is a health problem that affects many people 

throughout the world. According to the World Health Organization, exposure to 

excessive noise is the major avoidable cause of permanent hearing loss worldwide [1]. It 

is estimated that 16.1% of adults or about 29 million Americans have some type of 

hearing loss within the speech frequency range [2]. This number seems to be on the rise 

since about 30 million Americans are currently exposed daily to job-related noise [3]. 

Hearing loss has been shown to lower quality of life, impair social interactions, and cause 

isolation and possibly cause loss of cognitive function [3].  

 

The mining industry has a higher prevalence of hazardous workplace noise exposure than 

any other major industrial sector [4, 5]. According to reports from the National Institute 

for Occupational Safety and Health (NIOSH), 80% of US miners are exposed to noise 

levels that exceed the Permissible Exposure Level (PEL) [6, 7]. Other studies indicated 

that more than 70% of miners have severe NIHL, which can be considered a disability [8]. 

For coal miners, 90% have been found to have hearing impairment by age 50 [9]. 

 

Noise can be classified into continuous Gaussian noise (steady-state noise), high-level 

transient noise (including impulse noise and impact noise), and complex noise (i.e., high-

level transient noise mixed with Gaussian noise) [10, 11]. All types of noise can generate 

hearing loss at high intensity levels; however, a number of animal studies showed that 

complex noise produced much higher hearing loss than an energy-equivalent continuous 

or impulsive noise alone [10, 12-14]. Epidemiologic studies in industries with complex 

noise environments have shown an increased incidence of hearing loss [12, 15-16]. Most 

noise exposure in the coal mining industry is to high-level complex noise so identifying 

and addressing is part of developing effective noise control programs. 

 

Current noise measurement standards (such as ISO-1999, 1990; ANSI S3.44-1996; 

NIOSH, 1998) are based on the equal energy hypothesis (EEH), which states that NIHL 

mainly depends on the total acoustic energy of the exposure [17, 18]. However, the EEH 

does not accurately rate impulsive and complex noise [11, 18]. Conventional sound level 

meters, which were developed based on the EEH, focus on evaluation of the overall 

sound pressure level (SPL), and they are not suitable to assess high-level complex noise. 

Therefore, new approaches for characterization and assessment of high-level complex 

noise are needed in the coal mining industry.  

 

EXPERIMENTAL PROCEDURES 

 

SIU Noise Measurement System 
 

A waveform profile based noise measurement system (SIU system) was developed as 

shown in Figure 1A.  The heart of the system is an acoustical test fixture (GRAS 45CA) 

that includes an assembly containing two ½-inch condenser microphones as well as two 

free-field ½-inch condenser microphones. The system also includes a 4-channel 

microphone signal conditioning amplifier, a data acquisition device (NI DAQ USB6254), 
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and a laptop computer. The test fixture assembly was designed to emulate the structure of 

the human head with assembled microphones used to record acoustical pressure 

waveforms in the simulated ear canal.  The other two ½-inch microphones are used to 

record free-field pressure waveforms. A user interface was developed using LabVIEW 

software to control the system and record waveforms of complex noise signals. 

 

 

Figure 1: Schematic (A) and photograph (B) of noise measurement system. 

 

After system development, validation tests were carried in the PI’s lab with three noise 

signals: pure tone noise of 110 dB at 1000 Hz, Gaussian noise, and complex noise. 

Gaussian noise and complex noise (see Figure 2, left inset) were generated by a digital 

noise exposure system (see Figure 2, right inset). Validation test results (see Figure 2) 

show that the SIU system is comparable with a conventional SLM at SPLs from 83 to 

120 dB. The SIU system successfully measured and recorded entire waveforms of noise 

signals with higher sensitivity and precision than the SLM.  

 

 

Figure 2: Validation test results for simulated complex noise (left inset)                

generated by the PI’s digital noise exposure system (right inset). 
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Pilot Field Measurements 
 

Field measurements were collected in a wet coal preparation plant (Field 1, see Figure 1B) 

and a dry coal handling plant (Field 2).  At each site, a conventional SLM was used to 

obtain quick SPL measurements at different locations. Based on these measurements, 

three locations were selected for comprehensive measurements using the SIU system. In 

Field 1, selected locations were Level 1 nearby an entrance to the plant, which was used 

as the baseline (i.e., background noise); Level 3½ nearby the screenbowl centrifuge, 

which was the highest A-weighted equivalent SPL (i.e., LAeq); and Level 4 nearby the 

deslime screen, which was the highest peak SPL (i.e., LPmax). In Field 2, selected 

locations were Level 1 nearby an entrance to the plant, Level 3 nearby the rotary breaker, 

and Level 5 nearby two vibratory screens. At each location, 20 noise signals, each five 

minutes in duration, were measured and recorded for further analysis.  

 
Wavelet Transform Technology for Noise Analysis 
 

Wavelet transform (WT) technology was introduced in the 1970s and has been used in 

varied applications such as signal detection, image processing, signal de-noising, etc. [19]. 

WT decomposes complex signals using wavelets of variable scales.  Its main advantage is 

providing transient signal characteristics in the T-F domain  [20, 21]. Here, the Morlet 

WT algorithm was used to analyze complex noise measured in the field. 

 

Continuous wavelet transform (CWT) can be defined as follows [19, 21]: 
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where ψ(t) is the wavelet kernel function, a is a continuous scaling parameter, and b is a 

time shifting parameter. W(a, b) refers to the CWT coefficient.  

 

The signal f(t) can be obtained from wavelet coefficients by the inverse WT, but only 
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In Equation 3, )(ˆ   is the Fourier transform of the wavelet kernel function )(t . 

Equation 3 requires that 0)0(ˆ   (i.e., ∫𝜓(𝑡)𝑑𝑡 = 0) and that wavelet kernel functions 

average zero in the time domain [19].  

 

The Morlet wavelet was derived from the Gaussian function and can be expressed as: 
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where τ is the parameter used to control frequency bandwidth and η represents the central 

frequency of this kernel function. 
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Characterization of Complex Noise 
 

In this study, new noise metrics have been proposed to evaluate complex noise measured 

in the field. These metrics include: 1) conventional noise metrics, such as LAeq, LCeq, and 

peak SPL Lpmax; 2) WT-based new noise metrics, such as equivalent LWTeq and frequency-

domain Kurtosis, Kurt(ω).  

 

The equivalent SPL Leq can be defined as [22]: 
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where p0 is the reference pressure at 20 μPa and pA is the acquired sound pressure in Pa. 

The time period for data samples ranges from t1 to t2. When applying A- and C-weighted 

filters to acoustic signals, equivalent SPLs are described as LAeq and LCeq, respectively. 

 

A- and C-weighted filters are most commonly used for noise evaluation. Figure 3 shows 

frequency responses of A- and C-weighted filters. The A-weighted filter has narrower 

bandwidth than the C-weighted filter. Specifically, at frequency less than 1000 Hz, the A-

weighted filter quickly decays. Consequently, an A-weighted noise metric such as LAeq 

does not count low-frequency components in a noise signal making it unsuitable for 

accurate evaluation of complex noise containing strong low-frequency components. In 

contrast, the C-weighted filter is relatively flat within the normal audible frequency range 

making it a more suitable metric for the evaluation of complex noise.  

 

 

Figure 3: Frequency responses of A- and C-weighted filters. 
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Peak SPL, Lpmax, is defined as [22]:  
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In addition, WT-based equivalent SPL is proposed to reveal the time history of different 

frequency components. WT-based LWTeq is a function of frequency as follows [17]: 
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The statistical metric Kurtosis is a parameter describing impulsiveness and spectral 

composition of a complex noise. Kurtosis can be defined as the ratio of the fourth 

moment to the squared second moment. In this study, frequency-domain Kurtosis (FDK) 

is calculated as a function of frequency from the time history of each wavelet scale [17]:  
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Graphical User Interface (GUI) 
 

A graphical user interface (GUI) has been developed in MatLAB to characterize and 

assess noise signals measured in the field. As shown in Figure 4, two pages of GUI were 

developed.  The first page shows conventional noise metrics (see Figure 4A) including 

noise waveform, spectrum by fast Fourier transform (FFT), frequency distribution on 1/3 

octave bands, LAeq, LCeq, Lpmax, and time-domain Kurtosis.  The second page shows WT-

based new noise metrics (see Figure 4B) including SPL distribution in the T-F domain, 

frequency-domain Kurtosis (FDK), WT decompositions at different levels, and WT-

based Leq.  

 

Complex noise signals recorded in field measurements were input to the GUI where 

detailed waveform, spectrum, and WT transformation in the T-F domain can be displayed 

and analyzed. Noise metrics (both conventional and new) can be calculated in the GUI as 

well. A report on the analysis of complex noise can be generated and exported by the 

GUI. While the GUI was developed for assessment of complex noise measured in the 

coal mining industry, it can also be used to analyze noise signals in other applications.  
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Figure 4: Graphical user interface (GUI) for assessment of noise signals measured          

in the field including conventional (A) and WT-based (B) noise metrics. 
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RESULTS AND DISCUSSION 

 

Noise Levels in Two Environments 
 

LAeq, LCeq, and Lpmax measured by the SIU system at three locations in two fields are 

summarized in Table 1. Overall, noise levels in both fields are much higher than 85 dB, 

which is the permissible exposure level established by NIOSH. Therefore, noise levels 

should be controlled or hearing protection devices must be worn when working in these 

facilities. Furthermore, C-weighted SPLs, LCeq, are significantly higher than A-weighted 

SPLs, LAeq, in both fields (about 10 dB higher in Field 1 and 4 dB higher in Field 2).  

 

Background noise measured in Field 1 is about 6 dB lower than that measured in Field 2, 

but peak SPL, LPmax, of Field 1 (~126 dB) is higher than that of Field 2 (~119 dB). 

Moreover, both LAeq and LCeq measured in Field 1 are not uniform. Level 1 has the lowest 

noise level while Level 4 has the highest. In contrast, SPLs measured in Field 2 are 

relatively uniform, i.e., there are no significant differences between the three levels. This 

may be caused by different building structures (e.g., Field 1 is much larger than Field 2) 

and noise sources. 

  

Table 1: Summary of LAeq, LCeq, and Lpmax measured in two fields. 

Location LAeq, dB LCeq, dB Lpmax, dB 

Field 1: Wet Coal Preparation Plant 

Level 1 – Entrance 93.35 ± 0.241 99.66 ± 0.340 116.25 ± 0.714 

Level 3½ – Screenbowl Centrifuge 99.56 ± 0.336 104.36 ± 0.158 119.45 ± 0.577 

Level 4 – Deslime Screen 97.98 ± 0.169 109.05 ± 0.317 125.70 ± 2.132 

Field 2: Dry Coal Handling Plant 

Level 1 – Entrance  100.79 ± 0.283 103.41 ± 0.205 117.35 ± 1.370 

Level 3 – Rotary Breaker 100.83 ± 0.416 104.75 ± 0.607 119.25 ± 2.513 

Level 5 – Vibratory Screens 99.58 ± 0.304 104.12 ± 0.360 119.20 ± 2.108 

 

 
Noise Waveforms and Amplitude Spectrums 
 

Figures 5 and 6 show three representative waveforms (10-second time duration) and 

amplitude spectrums of noise signals measured at selected locations in Fields 1 and 2, 

respectively. In both figures, it can be seen that measured noise signals are complex (i.e., 

non-Gaussian) noise. Amplitudes of waveforms increase from Level 1 to Level 4 in Field 

1 while they are more uniform in Field 2. These results are consistent with SPLs 

summarized in Table 1. 
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Figure 5: Representative waveforms (left) and spectrums (right) of complex noise signals 

measured at selected locations in the wet coal preparation plant (Field 1). 

 

 

Figure 6: Representative waveforms (left) and spectrums (right) of complex noise signals 

measured at selected locations in the dry coal handling plant (Field 2). 

 

In addition, higher amplitudes can be found at low-frequency ranges (< 100Hz) in both 

amplitude spectrums (right sides of Figures 5 and 6). These results indicate that complex 

noise signals measured in both fields contain very strong low-frequency components. 

Such low-frequency components are not counted in LAeq due to the frequency response of 

the A-weighted filter (as shown in Figure 3) while they are included in the calculation of 

LCeq. This causes LCeq to be significantly higher than LAeq as summarized in Table 1. LAeq 

is the metric currently used in governmental regulation for assessment of noise levels in 

coal mining environments. It is generally considered appropriate for continuous Gaussian 

noise, but not for complex noise. Such criteria may significantly underestimate the risk of 

high-level complex noise in the coal mining industry. Therefore, LCeq may be more 

suitable for assessment of complex noise containing strong low-frequency components.  
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Wavelet Transform for Noise Analysis 
 

The Morlet WT was applied to decompose measured noise signals into the T-F domain. 

In order to decompose noise signals in a manner replicating the human hearing system, 

central frequencies and bandwidths on the frequency axis were adjusted according to 1/3 

octave bands in the WT. At each scale, the SPL is integrated along the time axis based on 

wavelet coefficients.  

 

Figure 7 shows the T-F representation of six SPL noise signals measured by the SIU 

system at three selected locations in two fields. The 3D structure in the T-F domain 

reflects the distribution of the SPL noise signal. The WT can display many more details 

of noise signals in the T-F domain than the regular FFT (as shown on the right sides of 

Figures 5 and 6).  

 
WT-based New Noise Metrics: Kurt(ω) and LWTeq(ω) 

 

Kurtosis was proposed as a new noise metric to assess complex noise. According to 

Equation 9, the FDK Kurt(ω) as a function of frequency can be calculated from pressure 

wavelet coefficients p(ω, t) in the T-F domain. Figure 8 shows the FDK of noise signals 

measured at three selected locations in two fields.  

 

In the wet coal preparation plant (Figure 8A), FDKs are increasing as frequency increases. 

Specifically, at high frequencies, the noise signal measured at Level 3 has much higher 

FDK than that measured at the other two levels. This indicates that noise signals 

measured in Field 1 contain impulsive components, specifically, at high frequency. In the 

dry coal handling plant (Figure 8B), FDKs are also increasing as frequency increases, but 

there is almost no difference in measurements at the three levels. 

 

Another new metric proposed in this study was the WT-based equivalent SPL, LWTeq(ω), 

which can be calculated from pressure wavelet coefficients according to Equations 6-8. 

Figure 9 illustrates the frequency distribution of LWTeq(ω) calculated from noise signals 

measured at three selected locations in two fields. Results indicate that LWTeq(ω) is a 

function of frequency, and it decreases as frequency increases at both fields. LWTeq(ω) 

reflects the averaged energy at different 1/3 octave bands.  

 

As shown in Figure 9, energy is concentrated at low-frequency bands (less than 500 Hz). 

It is also seen that LWTeq(ω) of high-frequency bands ranging from 5 to 12 kHz are above 

85dB levels. Since LWTeq(ω) could be associated with hearing loss at different frequency 

bands in the human cochlea, it will be a meaningful metric for the evaluation of NIHL 

due to complex noise. 
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Figure 7: T-F representation of representative SPL noise signals measured at three selected locations in two fields. 
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Figure 8: Frequency-domain Kurtosis, Kurt(ω), of noise signals                            

measured at three locations in Field 1 (A) and Field 2 (B). 

 

 

Figure 9: Frequency distributions of WT-based equivalent SPL, LWTeq(ω), for noise 

signals measured at three locations in Field 1 (A) and Field 2 (B). 

 

 

Evaluation of a Passive Earmuff in the Field 
 

The SIU system has the capability to evaluate noise reduction achieved with earmuffs in 

field measurements. In this project, a passive earmuff was evaluated at Levels 3½ and 4 

in Field 1 and at Levels 3 and 5 in Field 2. Figure 10 shows the test fixture with and 

without the passive earmuff as it was set up on Level 3½ in Field 1. LAeq, LCeq, and Lpmax 

of noise signals measured by the SIU system with and without the passive earmuff are 

summarized in Table 2. At both field locations, LAeq with the earmuff is significantly 

lower than without the earmuff (15-20 dB reduction). In contrast, LCeq, and LPmax with the 

earmuff were found to be only slightly lower than without the earmuff (about 5 dB in 

Field 1 and almost no statistically significant difference in Field 2).  
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Figure 10: Set-up of test fixture without (left) and with (right) a passive earmuff. 

 

Table 2: Summary of measured SPLs with and without a passive earmuff. 

Location Earmuff LAeq, dB LCeq, dB LPmax, dB 

Field 1: wet coal preparation plant 

Level 3½  
Without 99.56 ± 0.336 104.36 ± 0.158 119.45 ± 0.577 

With 78.95 ± 1.326 99.36 ± 1.398 119.69 ± 0.877 

Level 4 
Without 97.98 ± 0.169 109.05 ± 0.317 125.70 ± 2.132 

With 83.85 ± 0.312 103.94 ± 0.255 118.56 ± 0.911 

Field 2: the dry coal handling plant 

Level 3 
Without 100.83 ± 0.416 104.75 ± 0.607 119.25 ± 2.513 

With 88.20 ± 1.993 104.62 ± 1.974 119.85 ± 2.111 

Level 5 
Without 99.58 ± 0.304 104.12 ± 0.360 119.20 ± 2.108 

With 84.61 ± 0.585 103.10 ±1.667 116.48 ± 2.192 

 

Figure 11 shows LAeq, LCeq, and Lpmax of noise signals measured with and without a 

passive earmuff at Level 3½ nearby the screenbowl centrifuge in Field 1 and at Level 3 

nearby the rotary breaker in Field 2. Results indicate that the passive earmuff appears to 

significantly reduce noise levels when considering the A-weighted SPL measurement; 

however, the A-weighted SPL does not properly account for lower frequency (<1000 Hz) 

components (as shown in Figure 3) that have been found to be dominant in complex 

noise environments typical of the coal mining industry. When considering the other 

weighted SPL measurements, the passive earmuff does not effectively reduce noise levels. 
In addition, Figure 12 shows power spectrum distributions on 1/3 octave frequency bands 

of noise signals measured with and without the passive earmuff. This figure clearly 

shows that the earmuff can significantly reduce noise levels when frequency is greater 

than 400 Hz, but it does not produce significant reduction of noise levels at lower 

frequencies. These results strongly suggest that a passive earmuff may not effectively 

protect a miner from high-level complex noise in the mining environment.  
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Figure 11: LAeq, LCeq, and LPmax with and without earmuff in Fields 1 (A) and 2 (B). 

 

 

Figure 12: Power spectrum distributions on 1/3 octave frequency bands                       

with and without earmuff at Levels 3½ (A) and 4 (B) in Field 1. 
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CONCLUSIONS AND RECOMMENDATIONS 

 

Conclusions 

 

1) A waveform profile based noise measurement system was successfully developed 

and tested. The system (SIU system) is different than a conventional SLM 

commonly used in the coal mining industry. The system was experimentally 

validated with results showing that it is comparable with a conventional SLM for 

SPL measurements. Compared to conventional SLMs, the SIU system can 

successfully measure and record entire waveforms of noise signals. In addition, 

the SIU system has higher sensitivity and precision than a conventional SLM. 

 

2) Pilot field testing was conducted in a wet coal preparation plant and a dry coal 

handling plant to prove the SIU system in real high-noise environments. Three 

locations were selected in each field. Complex noise signals were measured and 

collected by the SIU system showing that it can successfully record waveforms of 

four noise signals simultaneously. This makes it an effective tool for assessing 

complex noise in coal mining environments. 

 

3) A Morlet WT algorithm was applied to analyze and characterize noise signals 

measured in the field. Preliminary results showed that the WT can display much 

more detail on noise signals in the T-F domain than in the time or frequency 

domains alone. These results validate the hypothesis that WT technology can be 

used in analysis of complex noise signals and is more advanced than regular fast 

Fourier transform (FFT) technologies. In addition, two WT-based new noise 

metrics, FDK and LWTeq(ω), have been proposed and discussed in this study. 

These new metrics, together with conventional noise metrics, can more accurately 

assess the auditory risk due to high-level complex noise in coal mining 

environments. 

 

4) A graphical user interface (GUI) was developed for assessment of noise signals 

measured in the field. The GUI includes both conventional noise metrics and 

newly developed WT-based noise metrics. It is a convenient tool for noise signal 

analysis and can be applied to assess noise signals in various applications.  

 

5) Noise signal analyses results indicate that complex noise measured in the field 

contains very strong low-frequency components. Such low-frequency components 

are not counted in LAeq due to the frequency response of the A-weighted filter 

while they are included in the calculation of LCeq. This causes LCeq to be 

significantly higher than LAeq. LAeq is the metric currently used by governmental 

inspectors for assessment of noise levels in coal mining environments. It is 

generally considered appropriate for continuous Gaussian noise, but not for 

complex noise. Such criteria may significantly underestimate the risk of high-

level complex noise. Therefore, LCeq may be more suitable for assessment of 

complex noise containing strong low-frequency components. 
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6) A passive earmuff was evaluated with field measurements showing that it cannot 

effectively reduce noise at low frequency although it is effective in reducing noise 

at high frequency. These results suggest that more effective hearing protection 

devices are needed in the coal mining industry. Furthermore, when evaluating a 

passive earmuff in complex noise environments (e.g., a coal mine, preparation 

plant, or handling facility), the A-weighted SPL currently used as the noise metric 

in government regulation and enforcement is not a suitable metric as it may 

overestimate the protection capability of the earmuff.  

 

Recommendations 
 

1) Field measurements at two coal mine facilities have demonstrated that the SIU 

system is more advanced than the conventional SLM. To further prove the 

developed system, it should be used to evaluate complex noise at more facilities 

including addition coal preparation and handling plants, and especially in 

underground mine environments.  

 

2) A new generation waveform profile based sound level meter or noise dosimeter 

should be developed based on the main results of this research project. The new 

device should be portable and provide both conventional and new WT-based 

noise metrics for assessment of complex noise. 

 

3) Because it was found that low-frequency noise components were very strong in 

complex noise signals measured in the field, A-weighting SPL measurements may 

underestimate the risk of complex noise. On the other hand, C-weighting SPL 

measurements include most frequency components and may overestimate the risk 

of noise. Therefore, a new weighting system should be developed according to 

frequency responses of the human ear. The new weighting should take advantage 

of both A- and C-weighting in assessment of the auditory risk of complex noise.  

 

4) Preliminary measurements with a passive earmuff showed that it cannot 

effectively reduce noise at low frequency. Field evaluations of different types of 

hearing protection (e.g., additional passive earmuffs and active hearing protection 

devices) should be conducted in various coal mining environments. This will 

provide useful information for future development of new generation hearing 

protection devices to be used in coal mining industry. When evaluating these new 

devices, the A-weighted SPL currently used as the noise metric should be 

replaced with other weighting measures that will require developing. 
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DISCLAIMER STATEMENT 

 

This report was prepared by Dr. Jun Qin of Southern Illinois University Carbondale, 

with support, in part, by grants made possible by the Illinois Department of Commerce 

and Economic Opportunity through the Office of Coal Development and the Illinois 

Clean Coal Institute. Neither Dr. Jun Qin, Southern Illinois University Carbondale, nor 

any of its subcontractors, nor the Illinois Department of Commerce and Economic 

Opportunity, Office of Coal Development, the Illinois Clean Coal Institute, nor any 

person acting on behalf of either: 

 
(A) Makes any warranty of representation, express or implied, with respect to the 

accuracy, completeness, or usefulness of the information contained in this report, or 

that the use of any information, apparatus, method, or process disclosed in this 

report may not infringe privately-owned rights; or 

 
(B) Assumes any liabilities with respect to the use of, or for damages resulting from 

the use of, any information, apparatus, method or process disclosed in this report. 

 
Reference herein to any specific commercial product, process, or service by trade name, 

trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 

endorsement, recommendation, or favoring; nor do the views and opinions of authors 

expressed herein necessarily state or reflect those of the Illinois Department of 

Commerce and Economic Opportunity, Office of Coal Development, or the Illinois Clean 

Coal Institute. 

 
Notice to Journalists and Publishers:  If you borrow information from any part of 

this report, you must include a statement about the state of Illinois’ support of the project. 

 


