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Abstract:  Active Noise Cancellation is an approach to noise reduction in which a secondary noise source that destructively 
interferes with the unwanted noise is introduced. Unwanted acoustic noise is a by-product of many industrial processes and 
systems including Surface and Underground mines. The sound level inside the mines are beyond permissible level at most of the 
places and a solution to it using conventional headphones has failed because of its inefficiency in allowing desirable sounds of 
person to person communication and the sound of the alarm of the ‘Roof Fall’. This paper illustrates a design of special 
headphone incorporating the techniques of ANC and Band Pass Filters for use in mechanized mines which allows all the desirable 
sound to pass through but filters out the undesired machine noise. 
 
1. Introduction 

Provision of suitable work environment for the workers is 
essential for achieving higher production and productivity in 
both surface and underground mines. Noisy working 
conditions have negative effects on the workers’ morale and 
adversely affect their safety, health and performance. It is 
brought to the knowledge of all concerned that Noise is 
emerging as an important and challenging health hazards for 
mine workers. With increasing mechanization of mining 
operations and use of heavy machinery the noise level in 
mines have increased over the years. Surveys conducted by 
various institutions have shown that noise levels in majority of 
the mining operations are higher than the recommended limit 
of 90 db. Repeated or prolonged exposure to excessive noise 
levels leads to hearing impairment.  

Potential sources of noise emissions include 
compressors, drilling machines, crushers, and other 
mechanical equipment used at a mine. Increasing the distance 
between the noise source and the listener is often a practical 
method of noise control. Where such noise control measures 
are not possible, personal hearing protection devices, such as 
approved ear plugs or ear muffs, should be worn by every 
person exposed to noise levels exceeding 90 dB.  

The results obtained after investigation indicated that 
the sound pressure levels of various machineries were higher 
than the acceptable limits i.e. >90dB. In the mines under 
study, most of the mine workers were exposed to SPL (sound 
pressure level) beyond 90dB due to machinery noise. 
Therefore, control measures should be adopted in mines for 
machinery as well as hearing protection aids should be 
supplied to the workers in order to protect the mine workers 
from NIHL (Noise induced hearing loss).  

In order to assess the status of noise levels in mines, 
systematic noise surveys are needed to be conducted using 
appropriate statutory guidelines so that effective control 
measures can be taken up in mines. Keeping this in view, this 
paper elaborates the technical details of the level of exposure 
of the mine workers to noise. A proposed solution to this 
hazardous aspect, using the technique of Active Noise 
Cancellation and Sound Filtration has also been made in this 
paper. This paper also introduces the fraternity to a headphone 

for mining workers and mining engineers, which is devised 
using ANC and Sound Filtration.  

 
2. Indian Standards for noise level in mines 

Mine workers are regularly exposed to a sound pressure level 
much above the level permissible according to the Indian 
standards in most of the mines. And at a level, above which, 
Personal protective equipment is must, the workers are found 
working without the PPE. In DGMS Circular No.18 (Tech), 
1975, warning limit of 85 dB may be set as the level below 
which very little risk to an unprotected ear of hearing 
impairment exists for an eight-hour exposure.  
 

Table 1: Indian Standards for noise level in mines 
 
Sound Pressure Level (dB) Protective measures 

< 85 Very little risk to 
unprotected ears 

90-115 Danger of hearing 
impairment and deafness 

115-130 Worker shall not be allowed 
to enter without ear 

protection 
130-140 Person protective equipment 

is must 
>140 No worker shall be allowed 

to enter 

 
 
3. Noise survey in mines 

In order to assess the status of noise levels in mines, 
systematic noise surveys are conducted using appropriate 
statutory guidelines so that effective control measures can be 
taken up in mines. The main noise sources in a mine are the 
machineries used. Taking this into account, a detailed tabular 
format (Table 2) has been prepared of the SPL against the 
machines. The sound pressure levels of noise sources were 
taken at different distances from the sources. The noise level 
was measured at a height of 1.6 m from ground level. While, 
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The goal of active noise cancellation (ANC) is to reduce the 
amplitude of the sound pressure level of the noise incident on 
the receiver or ear by "actively" introducing a secondary, out-
of-phase acoustic field, “antinoise”. The resulting destructive 
interference pattern cancels the unwanted sound. Over the past 
two decades, significant advances in control theory and the 
development of flexible, programmable, high-speed digital 
signal processing computers have made it  possible to model 
and implement more complex active noise control systems.  
 

 
 

Figure 7: Operational range of active and passive noise 
reduction 

 
6.2.1. Passive Attenuation 
Passive attenuation in an ear cup is a function of the front and 
rear cavity volumes and the driver compliance below the free 
air resonance. Increased driver compliance can compensate 
the reduction of passive attenuation if the front cavity is kept 
small for maximum efficiency. An ideal cavity is 
characterized by rigid walls and constant pressure amplitude 
for wavelengths much larger than the distance across the 
cavity. The ear cushions  should be compliant enough to affect 
a seal that prevents leaks and  as sufficient high density and 
flow resistance to create such an "ideal" cavity.The  
diaphragm should be small - less than 1/3 wavelength of the 
highest audio frequency to be reproduced. There is a trade-off 
between a small front cavity which will minimize the sound 
pressure required to cancel low frequencies and a large front 
cavity which offers superior  passive attenuation. 
 

 
Figure 8: High Compliance Drive for Headphone ANC 

 
 The disadvantage with high compliance driver is its 
sensitivity to overpressure. The pressure waves due to the 
movement can pull the voice coil outside the gap or distort the 
diaphragm when the user moves or takes off the headphones.   
tiny barrier or mesh in front of the diaphragm can prevent its 
distortion. This diaphragm can also be minimized by 
indenting it so that it quickly recovers when distorted. 

 Where passive attenuation begins to weaken in the 
low frequencies, ANC takes over. Noise cancellation is less 
effective at high frequencies due to the limitations of ANC 
filters and headphone transducers to reproduce accurate high-
frequency anti-noise. Not all applications require broadband 
noise attenuation, and some models of NCH reduce low 
frequency noise only. A noise reducing headphone should 
have good attenuation at lower as well as higher frequencies. 
 
6.2.2. Feed Forward Control 
Digital filters for noise cancellation are called adaptive filters 
and can correct for both phase and amplitude errors. A NCH 
using adaptive noise reduction was proposed. A reference 
microphone at the top of the headband receives a noise signal. 
The adaptive filter attempts to predict the noise inside the ear 
cup by passing the signal through a transfer function that 
models the headphone system. The inverse of the predicted 
noise is added to the desired audio signal and then sent to the 
headphone transducer. A second microphone inside the ear 
cup measures the resulting sound and generates an error signal 
to converge the filter to zero for more accurate anti-noise 
 

 
 

Figure 9: Adaptive Noise Cancellation Headphone 
 
7. Other Practical Applications 
Noise canceling headphones are particularly useful for 
workers, operating or working near heavy machinery and 
engines. The noise is selectively eliminated thus enabling the 
reception of the desired sounds, such as speech and warning 
signals.  

Cabin noise in small aircraft is a combination of 
noise from a variety of sources, the major ones being the 
engine, wind, and propeller. So plane pilots routinely wear 
noise attenuating headsets to get rid of the unwanted noise. 
Such headsets usually employ passive noise attenuation in the 
form of an annular cushion carried on the rim of each ear cup. 
But NCH is proved to be worthy in attenuating noise to a 
further level which makes the pilot as well as passengers to 
hear warnings and instructions effectively.  

In hospitals to diagnose the hearing defects in human 
ear and speech discrimination, noiseless room is required 
which is highly expensive. Most of the hospitals cannot afford 
to procure such rooms. The noise canceling headphone along 
with audiometry apparatus can be useful in this application. 



 
8. Conclusion 
After detailed study of the level of exposure of mine workers 
to noise and the sound pressure levels of the machine noise, it 
has been found that most of the mining equipment were 
observed to be generating the noises exceeding the danger 
limit set by DGMS. Frequency spectrum analysis revealed 
low frequency dominant noise situations for almost all-mining 
equipment. The noise dose of the operators handling noisy 
equipment, e.g., dozers, dumpers, drills, pay loaders, vibrating 
screens, mine exhaust fans, compressors, etc. were observed 
to be quite high.  

The Noise Induced Hearing Loss (NHIL) and hearing 
impairment are prevalent among the mine workers. Moreover, 
they feel it troublesome to remove and put on their 
headphones, to talk to their fellow mates inside the mines. The 
Engineers are also finding it difficult to instruct the operators 
inside the mine with the headphones on. They need to switch 
off the machines to facilitate communication, which 
eventually accounts for heavy loss of energy and manpower. 
The dire need of the hour has been gauged and so, a 
headphone has been proposed which can facilitate the 
communication between persons while blocking the machine 
noise simultaneously. The proposed solution by means of 
Active Noise Cancellation Technique and Sound Filters need 
urgent implementation in mines, particularly in mechanized 
mines for minimizing the chances of accidents due to 
unintentional negligence towards oral instructions. It is also 
proposed to conduct experimental trials on application of  
Noise Cancelling Headphones in mechanized mines of 
Singareni Collieries Company Limited. 
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