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Device, Method and Computer Program for Acoustic Monitoring  

of a Monitoring Area 

 

Description 

 5 

Technical Field 

 

Embodiments according to the invention refer to a device, a method and a computer pro-

gram for acoustic monitoring of a monitoring area.  

 10 

Background of the Invention 

 

Monitoring areas have been monitored in most varied ways up to now. For example, build-

ing-site documentation may be performed, or other monitoring areas may be supervised, 

by means of a video/infrared camera (e.g. http://www.1000eyes.de/videoueberwa-15 

chung/baustellen-webcam). The motivation for video/infrared camera systems usually lies 

in the protection against theft, vandalism and sabotage. With the help of the video/infrared 

cameras, manual evaluation of the construction progress may be possible in some circum-

stances, or monitoring of a traffic volume on a road system. To this end, however, large 

amounts of data must be transmitted and processed.  20 

 

On construction sites, the area to be monitored is often monitored by persons rather than 

by machines or appliances. For example, a comparison of the construction plan with the 

actual construction progress may be carried out (more or less regularly) by the site man-

ager. The site manager checks, for example, which construction goals (e.g. completion of 25 

the 3rd floor in building construction) have been reached/have not been reached within the 

given time frame. Thus, an analysis of causes for construction delays is possible only within 

a rough time period and entails considerable expenditure in terms of personnel.  

 

For precisely timed process monitoring in your monitoring area, there are currently only very 30 

complex monitoring systems that can hardly be implemented in terms of logistics. If, for 

example, activities, phases of a process or events in a monitoring area are to be monitored, 

there is no simple monitoring system that can be implemented at low cost.  

 

In view of this, there is a need for a concept that provides an improved compromise between 35 

precisely timed and spatial process monitoring, a simple system that may be implemented 
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logistically, and a reduction in the amount of data to be transferred from the monitoring area 

to, for example, a central server.  

 

This object is achieved by the independent patent claims by the device claim 1, the method 

claim 23 and the computer program claim 24.  5 

 

Further inventive developments are defined in the sub-claims.  

 

Summary of the invention 

 10 

An embodiment relates to a device for acoustic monitoring of a monitoring area. The device 

may comprise a first sensor system comprising a first acoustic sensor, a first processor, 

and first transmission means, which system may be mounted at a first location of the mon-

itoring area, and a second sensor system comprising a second acoustic sensor, a second 

processor, and second transmission means, which system may be mounted at a second 15 

location of the monitoring area that is different from the first location The first processor may 

be configured to classify a first audio signal detected by the first acoustic sensor so as to 

obtain a first classification result, and the second processor may be configured to classify a 

second audio signal detected by the second acoustic sensor so as to obtain a second clas-

sification result. In addition, the first transmission means may be configured to transmit the 20 

first classification result to a central evaluation means, and the second transmission means 

may be configured to transmit the second classification result to the central evaluation 

means. Moreover, the device may comprise the central evaluation means, which may be 

configured to receive the first classification result and to receive the second classification 

result, and to generate a monitoring output for the monitoring area as a function of the first 25 

classification result and the second classification result. 

 

This embodiment of the device is based on the finding that the audio signal (e.g., the first 

audio signal or the second audio signal) detected by the acoustic sensor (e.g., the first 

acoustic sensor or the second acoustic sensor) is classified by the processor (e.g., the first 30 

processor or the second processor) in order to generate a classification result (e.g., the first 

classification result or the second classification result), which is transmitted to a central 

evaluation means by means of the transmission means (e.g. the first transmission means 

or the second transmission means), whereby, for example, only one classification result is 

transmitted rather than the entire audio signal. By this measure, a very small amount of data 35 

is transmitted in the form of the classification result, so that transmission may be effected 
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very quickly and efficiently. In addition, the second sensor system may be mounted at a 

second location of the monitoring area, for example, which may be different from the first 

location at which the first sensor system may be mounted, whereby the monitoring area 

may also be monitored spatially in addition to precisely timed process monitoring.  

 5 

The device is also a system that can be readily implemented in terms of logistics since the 

first sensor system and the second sensor system may be mounted individually, on the 

basis of the monitoring area, at a first location and a second location of the monitoring area, 

respectively. In addition, the central evaluation means may be wirelessly connected to the 

first/second transmission means of the first/second sensor system, allowing the user of the 10 

device to place the central evaluation means remotely from the monitoring area, for exam-

ple, to monitor the monitoring area remotely without the presence of the user. For example, 

the central evaluation means may be configured to provide the user of the device with the 

monitoring output for the monitoring area at an external computer, a mobile device such as 

a cell phone or a tablet. For example, the monitoring output may include information indi-15 

cating that everything in the monitoring area is going according to plan or deviating from a 

plan. However, the monitoring output may also represent a list of temporal and spatial ac-

tivities, events or phases of a process in the monitoring area.  

 

According to an embodiment, the first transmission means, the second transmission means 20 

and the central evaluation means may be configured to wirelessly communicate with each 

other in accordance with a mobile radio protocol. Thus, it is not necessary for the first trans-

mission means, the second transmission means and the central evaluation means to be 

connected by cable, which may result in the user not having to be present at the monitoring 

area in order to receive the monitoring output for the monitoring area since the central eval-25 

uation means may be located, because of the wireless communication, at the user's location 

far from the monitoring area. 

 

According to an embodiment, the first classification result and the second classification re-

sult may be configured to indicate appliances used in the monitoring area, activities in the 30 

monitoring area, volumes in the monitoring area, phases of a process in the monitoring 

area, or a match of at least part of the first audio signal or of the second audio signal with a 

predetermined classification result. For example, the first or second audio signal may be a 

drilling noise. Accordingly, in case of classification in the equipment category in the moni-

toring area, the processor would receive the “drill” classification result, and in case of clas-35 

sification in the activities category in the monitoring area, the processor would receive the 
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“drilling” classification result. An activity in the monitoring area may include a process in the 

monitoring area, a machine in use in the monitoring area, or a human activity in the moni-

toring area. However, the drilling noise may also be classified into sound levels, whereby, 

for example, the first classification result or the second classification result may indicate a 

rough classification, such as very loud, loud, comfortably loud, quiet, very quiet, etc., or a 5 

very fine classification, such as a sound pressure indication in the unit of pascal, or a sound 

pressure level indication in the unit of decibel. For example, if the classification result indi-

cates a phase of a process, the drilling may be categorized into a second phase, and the 

classification result may thus indicate the second phase, or for example, if the monitoring 

area represents a construction site, the classification result may indicate that a construction 10 

process is currently in an interior-work phase (this is an example of how the drilling noise 

may be associated with a process phase). In the first/second processor, for example, a 

drilling noise may be stored as a predetermined classification result, whereby the first/sec-

ond classification result may indicate a match, which may represent a logical one, a ping, a 

characteristic signal, etc. Thus, the first/second classification result not only reduces the 15 

amount of data to be transmitted from a first/second audio signal to a first/second classifi-

cation result, but also pre-evaluates the audio signal, so that the first classification result or 

the second classification result already indicates what has happened in the monitoring area 

in a manner that may be detected acoustically. Thus, the monitoring area may be monitored 

in the easiest way.  20 

 

According to an embodiment, the first processor may be configured to convert the first audio 

signal detected by the first acoustic sensor to a time/frequency representation, and the first 

processor may be configured to classify the first audio signal by using the time/frequency 

representation so as to obtain a first classification result. The time/frequency representation 25 

may reflect the spectrum of the first audio signal. For example, different sounds may be 

associated with a specific noise source on the basis of their characteristic spectra. For ex-

ample, rotating machine parts such as pumps, turbines, electric motors, etc., produce a 

periodic time curve of the forces, which may correspond to a line spectrum in an associated 

frequency spectrum. Depending on the rotation of the machine part, the line spectra may 30 

differ from one another. Stochastic noise excitation with a broadband frequency spectrum 

may occur, for example, on tooth flanks of two meshing gears, also on rolling wheels, such 

as rolling noises of road and rail vehicles, or during material machining such as milling, 

turning, drilling, grinding, sawing or planing. 

 35 
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Each noise may have an individual spectrum (time/frequency representation), which means 

that it may be quickly and easily recognized by the first processor, for example in the first 

audio signal converted to the time/frequency representation. This simplifies classification of 

the first audio signal and allows the processor to perform it more quickly. If, for example, at 

least part of the time/frequency representation of the first audio signal matches a classifica-5 

tion (e.g. spectra of different appliances/machines, spectra of different activities, etc.), the 

first classification result may indicate this classification, for example. 

 

For example, if at least two noises are superimposed, at least two spectra of the at least 

two noises may be reflected in the time/frequency representation. For example, the first 10 

acoustic sensor may detect by a first audio signal, which may have a drilling noise as well 

as a hammering noise. Because the hammering noise may have a different frequency spec-

trum than the drilling noise, both drilling and hammering may be detected from the time/fre-

quency representation of the first audio signal, so that the first classification result may in-

dicate drilling and hammering.  15 

 

According to an embodiment, the first classification result or the second classification result 

may be a classification result for a construction site event, the construction site event being 

formed as a group that includes a tool noise, a hammering noise, a sawing noise, a drilling 

noise, a pneumatic hammering noise, a measuring device noise, a machine noise, a burden 20 

chain noise, a concrete mixing noise, a concrete casting noise, an excavator noise, a roller 

noise, a material unloading noise, a tear-down noise (e.g. (e.g. caused by a wrecking ball 

or an explosive device) or a scaffolding noise. This enables the device to monitor a con-

struction site, for example, as the monitoring area. Thus, for example, acoustic monitoring 

may determine when and where different activities are carried out or tools or machines are 25 

used. Thus, processes and construction progresses on construction sites may be monitored 

spatially and in a precisely timed manner.  

 

According to an embodiment, the first sensor system or the second sensor system may be 

battery- or accumulator-operated. Thus, the first sensor system as well as the second sen-30 

sor system may be operated independently of an external power source. This allows the 

first sensor system as well as the second sensor system to be mounted in the monitoring 

area in an individual manner that is easy to implement in terms of logistics.  

 

According to an embodiment, the first acoustic sensor may be configured to measure a first 35 

level of the first audio signal, and the first transmission means may be configured to transmit 
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the first level to the central evaluation means. The level may be a sound pressure (e.g. in 

pascal or in bar), sound energy (in watt), sound power (in watt), a sound intensity (e.g. in 

watt/m2), a sound power level (e.g. e.g. in dB), a sound intensity level (e.g. in decibel), a 

sound pressure level (e.g. in decibel), a volume level (e.g. in phon or in decibel (A)), or a 

loudness (e.g. in sone). Thus, the device is enabled not only to classify the first audio signal, 5 

but also to measure the first level of the first audio signal in order to perform, for example, 

volume monitoring in the monitoring area.  

 

According to an embodiment, the second acoustic sensor may be configured to measure a 

second level of the second audio signal, and the second transmission means may be con-10 

figured to transmit the second level to the central evaluation means, and the central evalu-

ation means may be configured to spatially locate a source of the first audio signal and of 

the second audio signal in the monitoring area as a function of the first level and of the 

second level while using information about the first location and information about the sec-

ond location in case of a match between the first classification result and the second clas-15 

sification result. 

 

The first classification result may, for example, have a classification of a first sound event 

(e.g. a passing truck) and a second sound event (e.g. a concrete mixing noise), and the 

second classification result may also have a classification of the second sound event (e.g. 20 

concrete mixing noise) and additionally a third sound event (e.g. a burden chain noise). 

Thus, the first classification result and the second classification result match in that both 

include a classification of the second sound event. Thus, the first level may also include a 

level of the first sound event as well as of the second sound event and the second level 

may also include a level of the second sound event and of the third sound event. If the 25 

central evaluation means ascertains, for example, that the level of the second sound event 

of the first level is lower than the level of the second sound event of the second level, the 

central evaluation means may conclude from this that the source of the first audio signal 

and of the second audio signal (e.g. of the second sound event) is located closer to the 

second sensor system. On the basis of the first level and of the second level as well as of 30 

the first location and the second location, a source of the first audio signal and of the second 

audio signal may be located very accurately in the monitoring area. For example, a source 

of part of the first audio signal and of at least part of the second audio signal may match. 

According to the example described here, the match may be the source of the second sound 

event. 35 
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Optionally, the device may also spatially locate the first sound event and the third sound 

event in the monitoring area according to the example described above. Because the first 

sound event was detected only by the first sensor system, and the third sound event was 

detected only by the second sensor system, the central evaluation means may conclude 

that a source of the first sound event obtained from the first audio signal is located in a 5 

measuring area of the first sensor system but outside a measuring area of the second sen-

sor system and that a source of the third sound event obtained from the second audio signal 

is located in the measuring area of the second sensor system but outside the measuring 

area of the first sensor system. 

 10 

According to an embodiment, the central evaluation means may be configured to indicate 

an upper limit value being exceeded by the first level in the monitoring output. Thus, the 

device may be used to monitor volumes in the monitoring area, for example. If, for example, 

processes, activities or machines in the monitoring area have to work more quietly than the 

upper limit value, the monitoring output may indicate when this upper limit value has been 15 

exceeded.  

 

According to an embodiment, the first acoustic sensor may be configured to detect the first 

audio signal, and the first acoustic sensor may be configured to measure a first level of the 

first audio signal. The first acoustic sensor may also be configured to switch the first pro-20 

cessor or the first transmission means from a sleep mode to an operating mode only when 

a lower limit value for the first level is exceeded, and the first processor may be configured 

to determine the first classification result or the second classification result only in the op-

erating mode, or the first transmission means may be configured to perform transmission 

only in the operating mode, and the first transmission means or the processor may be con-25 

figured to consume less power in the sleep mode than in the operating mode. The fact that 

the processor or transmission means is switched from a sleep mode to an operating mode 

only when a lower limit value for the level is exceeded prevents the device from processing 

background noise. This ensures that the processor performs classification only when a 

sound event has occurred in the monitoring area whose level is higher than the lower limit 30 

value. In this way, for example, the acoustic sensor may permanently detect the first audio 

signal and may only temporarily initiate further processing of the first audio signal by the 

processor or the transmission means. Thus, for example, the transmission means or the 

processor hardly produces any power in the sleep mode, which means that less energy 

may be consumed in the sleep mode than in the operating mode.  35 
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According to one embodiment, the first acoustic sensor may be configured to detect the first 

audio signal. The first acoustic sensor may be configured to measure a first level of the first 

audio signal and to set the first processor or the first transmission means so that the first 

classification result is determined by the first processor and is transmitted to the central 

evaluation means by means of the first transmission means, if the first level is higher than 5 

a lower limit value, and that no first classification result is determined by the first processor 

and is transmitted to the central evaluation means by means of the first transmission means 

if the first level is less than or equal to the lower limit value. This enables the first processor 

and the first transmission means to continue working with the first audio signal only if the 

first acoustic sensor has detected that the measured first level is higher than the lower limit 10 

value, which allows to conclude that an acoustic event has occurred in the monitoring area. 

Thus, it may be avoided that the device erroneously indicates sound events in the monitor-

ing area although no sound event has occurred. 

 

According to an embodiment, the first audio signal detected by the first acoustic sensor may 15 

be a superposition of at least two sound events. Furthermore, the first processor may be 

configured to apply a source separation algorithm to the first audio signal so as to classify 

the at least two sound events or to obtain a first source signal and a second source signal 

representing the at least two sound events in order to classify the first source signal and the 

second source signal. For example, this feature allows to classify the at least two sound 20 

events directly with the source separation algorithm. The source separation algorithm may, 

for example, compare classification signals with the first audio signal in order to separate 

the at least two sound events from each other and at the same time associate them with a 

classification (e.g. a classification signal). Alternatively, the source separation algorithm 

may also first separate the first audio signal into a first source signal and a second source 25 

signal, allowing the processor to separately classify the first source signal and classify the 

second source signal, whereby, in this alternative, the classification process of the first pro-

cessor is performed in two steps. By the source separation algorithm, the device is config-

ured to classify complex superimposed sound events in one audio signal and to order sev-

eral activities, processes or machines in the monitoring area.  30 

 

For example, if the acoustic sensor is equipped with a B-format microphone, the at least 

two sound events may be separated into at least two source signals, for example, by means 

of a spatial separation. Thus, the device involved may be a spatial source separation algo-

rithm, for example. Another possibility is spectral source separation by a DirAC method 35 

(directional audio coding). The DirAC method may represent a spectral source separation 
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algorithm. The source separation algorithms described herein may be applied within the 

device, for example, in the first processor of the first sensor system or in the second pro-

cessor of the second sensor system, in order to be able to separate complex superimposed 

sound events with the device, for example, to be able to simultaneously monitor several 

events in the monitoring area. According to an embodiment, the source separation algorithm 5 

may be a kernel additive model (see, e.g., [1]), an ADRess algorithm (azimuth discrimination 

and resynthesis see e.g. [2]) or an ADRess algorithm (azimuth discrimination and resynthe-

sis, see, e.g., [3]). e.g. [2]), an FDSI algorithm (frequency-domain source identification, see, 

e.g., [3]) or a KAMIR algorithm (kernel additive modeling for interference reduction, see, 

e.g., [4]). All enumerations of source separation algorithms that are listed here are to be 10 

seen as exemplary rather than exhaustive. 

 

According to an embodiment, the first transmission means may be configured to transmit 

the first classification result with first local (e.g., a sensor ID or the first location) or temporal 

information to the central evaluation means, and the central evaluation means may be con-15 

figured to generate the first classification result in conjunction with the first local and tem-

poral information as monitoring output for the monitoring area. For the temporal information, 

the first transmission means may transmit a time stamp, for example. The monitoring output 

may, for example, be a table in which the first classification result may be displayed in con-

nection with the first local and temporal information. This enables precisely timed and spatial 20 

process monitoring in the monitoring area to be accomplished by the device. For example, 

it is possible to determine which machines, activities or processes were used at the first 

location at the same time or at different times.  

 

According to an embodiment, the central evaluation means may have a memory for storing 25 

a specified process schedule plan comprising a series of activities in the monitoring area, 

and a processor for arranging the first classification result and the second classification 

result in an order defined by spatial or temporal information about the first sensor system. 

The first classification result and the second classification result may indicate the activities 

in the monitoring area. The processor may be configured to compare the specified process 30 

schedule plan with the arranged first and second classification results and to generate a 

monitoring output as a function of a result of the comparison. The specified process sched-

ule plan may define, for example, at which time and at which location in the monitoring area 

a certain activity or process should be carried out or a certain machine should be in opera-

tion. 35 
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The order in which the first classification result and the second classification result are ar-

ranged may, for example, indicate when and at which location in the monitoring area a 

certain activity or process was performed, or a certain machine was in operation. By means 

of the processor, the central evaluation means may compare the specified process sched-

ule plan with the order and may thus determine, for example, whether a deviation has oc-5 

curred between the specified process schedule plan and the order. This deviation may, for 

example, be regarded as the result of the comparison. The monitoring output may, for ex-

ample, include the statement "everything is going according to plan", "a deviation from the 

plan has occurred", or a direct statement about the type of deviation between the process 

schedule plan and the order (the order may represent the ordered first and second classifi-10 

cation results). However, the monitoring output may also be a light signal, for example a 

green light for everything is according to plan and a red light for there are deviations in the 

monitoring area. Alternatively, the monitoring output may also be an acoustic signal.  

 

According to an embodiment, the monitoring output may indicate a difference between the 15 

specified process schedule plan and the arranged first and second classification results. 

For example, the monitoring output may indicate that an activity in the monitoring area took 

less or more time than the time specified in the process schedule plan, or may indicate that 

another activity was performed at a certain time or place although this activity should have 

been performed at another time or place.  20 

 

According to an embodiment, the first sensor system may be configured to continuously 

detect a first audio signal with the first acoustic sensor in order to classify the first audio 

signal in the processor within a first maximum time period, the first maximum time period 

being shorter than five seconds, and the first transmission means may be configured to 25 

transmit the first classification result to the central evaluation means within a second maxi-

mum time period, the second maximum time period being shorter than five seconds (s). 

According to an embodiment, the first maximum time period or the second maximum time 

period may also be shorter than 1°s, 500°ms, 100°ms, 50°ms or 10°ms. Thus, for example, 

the first audio signal is classified by the first processor within a very short time and is trans-30 

mitted to the central evaluation means by the first transmission means within a very short 

time, whereby the device may be configured to perform a real-time analysis of the detected 

audio signals. Thus, precisely timed process monitoring may be implemented with the de-

vice. Optionally, the second sensor system may be configured to continuously detect a sec-

ond audio signal with the second acoustic sensor in order to classify the second audio signal 35 

in the second processor within the first maximum time period, and the second transmission 
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means may be configured to transmit the second classification result to the central evalua-

tion means within the second maximum time period. 

 

According to an embodiment, the first sensor system may be configured to receive the first 

classification result at a first time and at a second time by means of the first processor and 5 

to transmit it to the central evaluation means by means of the first transmission means. The 

central evaluation means may further be configured to order and indicate the first classifi-

cation result of the first point in time and the second classification result of the second point 

in time as a function of the first point in time or the second point in time. This allows acous-

tically monitoring the monitoring area over a long period of time and to perform a long-term 10 

evaluation.  

 

According to an embodiment, the first transmission means may be configured to transmit 

an identification of the first sensor system with the first classification result to the central 

evaluation means. The second transmission means may be configured to transmit an iden-15 

tification of the second sensor system with the second classification result to the central 

evaluation means. The central evaluation means may have a memory, the memory may 

have an association of the identification of the first sensor system with the first location and 

the identification of the second sensor system with the second location. The central evalu-

ation means may be configured to determine the first location on the basis of the identifica-20 

tion of the first sensor system from the memory and to determine the second location on 

the basis of the identification of the second sensor system from the memory and to spatially 

locate a first source region of the first audio signal and a second source region of the second 

audio signal in the monitoring area on the basis of the first location, the second location, the 

first classification result or the second classification result. An identification may be a sensor 25 

ID, for example. Thus, it is possible to locate a sound event in the monitoring area merely 

by identifying the first sensor system or the second sensor system. This is based on the 

knowledge that the first sensor system as well as the second sensor system have an area 

where an audio signal may be detected within the monitoring area. The area for the first 

sensor system may overlap with the area for the second sensor system to a certain extent. 30 

If both the first sensor system and the second sensor system detect the same sound event 

(e.g. the first classification result and the second classification result match), the central 

evaluation means may conclude that the first source area matches the second source area 

and is located in an overlapping area of the first sensor system with the second sensor 

system. If, however, only the first sensor system captures the sound event (e.g. the first 35 

classification result does not correspond to the classification result), the central evaluation 
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means may conclude that the first source area is located in a capturing area of the first 

sensor system but not in a capturing area overlapping with the second sensor system.  

 

According to an embodiment, the first transmission means may be configured to transmit 

only the first classification result or a processed first audio signal to the central evaluation 5 

means, and the second transmission means may be configured to transmit only the second 

classification result or a processed second audio signal to the central evaluation means. 

This enables only a small amount of data to be transmitted between the transmission means 

and the central evaluation means. In addition, it is not the original first audio signal but a 

distorted, incomprehensible signal that is transmitted to the central evaluation means, so 10 

that despite distortion, a first sound event may be classified from the first audio signal, for 

example, but speech is no longer understandable, for example. In this way, the device may 

be used to meet data protection requirements, for example. 

 

According to an embodiment, the first transmission means may be configured to transmit a 15 

first signal to the central evaluation means only if the first classification result matches a first 

predetermined classification result. The second transmission means may be configured to 

transmit a second signal to the central evaluation means only if the second classification 

result matches a second predetermined classification result. The central evaluation means 

may be configured to count, on the basis of the first signal, how many times per time period 20 

the first sensor system has determined the first predetermined classification result, or to 

count, on the basis of the second signal, how many times per time period the second sensor 

system has determined the second predetermined classification result. The central evalua-

tion means may, for example, count the first signal or the second signal. The first signal or 

the second signal may be a logical 1, a ping or a characteristic signal, for example. Further-25 

more, the first and second predetermined classification results may be identical. For exam-

ple, the predetermined classification result may be a passing car, so the central evaluation 

means is configured to determine how often a car passes the first sensor system or the 

second sensor system. Optionally, the first and the second predetermined classification re-

sult may also be different from each other. In this case, for example, the first predetermined 30 

classification result may correspond to a passing car, and the second predetermined clas-

sification result may correspond to a passing truck. Thus, the device is configured, for ex-

ample, to determine how many cars or trucks pass the first sensor system and/or the second 

sensor system within a monitoring area. This enables the device to monitor capacity utiliza-

tion of a traffic network.  35 
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According to an embodiment, the first predetermined classification result and the second 

predetermined classification result may be a classification result for a vehicle (e.g. car, bus, 

truck, train (differentiation between freight train/passenger train), possibly airplane, bicycle). 

The first monitoring area and the second monitoring area may be, e.g, a road, a road net-

work or a rail network, and the first sensor system or the second sensor system may be 5 

mounted to roads or rails. The central evaluation means may be configured to provide ca-

pacity utilization of the monitoring area per location or group of locations. Thus, the device 

may be configured, for example, to monitor a road, a road network or a rail network with 

temporal and spatial accuracy. So the device may be used, e.g, for traffic light control that 

is actuated by traffic. For example, if the device detects high capacity utilization of the mon-10 

itoring area for a certain location, it may be arranged for a traffic light to switch from red to 

green more quickly and for there to be shorter waiting times in the road network. If, on the 

other hand, the device detects only a low capacity utilization in the road network, it may be 

arranged, for example, for a traffic light at that location to have a slower switching behavior.  

 15 

According to an embodiment, the monitoring area may be a construction site, a factory 

building with machines, a machine, or an inhabited place or part of an inhabited place. For 

example, an inhabited place may be not only a residential building, but also a road network 

that leads into a residential area or at least partly through a residential area. Thus, the de-

vice is individually applicable for most varied monitoring areas.  20 

 

An embodiment provides a method of acoustic monitoring of a monitoring area comprising 

the steps of mounting a first sensor system comprising a first acoustic sensor, a first pro-

cessor and first transmission means at a first location of the monitoring area, mounting a 

second sensor system comprising a second acoustic sensor, a second processor and sec-25 

ond transmission means at a second location of the monitoring area, which is different from 

the first location, classifying a first audio signal detected by the first acoustic sensor by using 

the first processor to obtain a first classification result, classifying a second audio signal 

detected by the second acoustic sensor by using the second processor to obtain a second 

classification result, transmitting the first classification result to a central evaluation means 30 

on the part of a first transmission means, transmitting the second classification result to the 

central evaluation means on the part of the second transmission means, receiving the first 

classification result and the second classification result on the part of central evaluation 

means, and generating a monitoring output for the monitoring area as a function of the first 

classification result and the second classification result on the part of the central evaluation 35 

means. 
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An embodiment relates to a computer program comprising a program code for performing 

a method when the program runs on the computer.  

 

Brief Description of the Figures 5 

 

Embodiments according to the present invention will be explained in more detail below with 

reference to the enclosed figures. With regard to the schematic figures shown, it shall be 

pointed out that the functional blocks shown are to be understood both as elements or fea-

tures of the inventive device and as corresponding method steps of the inventive method, 10 

and that corresponding method steps of the inventive method may also be derived there-

from, wherein:  

 

Fig. 1  shows a schematic representation of a device according to an embodiment of 

the present invention;  15 

 

Fig. 2  shows a schematic representation of a device configured to detect at least two 

sound events in a monitoring area according to an embodiment of the present 

invention;  

 20 

Fig. 3  shows a schematic representation of a device configured to locate sound events 

in the monitoring area according to an embodiment of the present invention;  

 

Fig. 4  shows a schematic representation of a device comprising at least five sensor 

systems according to an embodiment of the present invention;  25 

 

Fig. 5  shows a tabular representation of a monitoring output for the monitoring area, 

generated by a device according to an embodiment of the present invention; 

and 

 30 

Fig. 6  shows a block diagram of a method of acoustic monitoring of a monitoring area 

according to an embodiment of the present invention.  

 

Detailed Description of the Embodiments according to the Invention 

 35 
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Before embodiments of the present invention will be explained in detail below by means of 

the drawings, it shall be pointed out that elements, objects and/or structures in the different 

figures that are identical, identical in functionality or identical in action are provided with the 

same reference numerals, so that the descriptions of these elements provided in different 

embodiments are interchangeable and/or mutually applicable.  5 

 

Fig. 1 shows a representation of a device 100 according to an embodiment of the present 

invention for acoustic monitoring of a monitoring area 110. The device 100 may comprise a 

first sensor system 120 comprising a first acoustic sensor 122, a first processor 124, and 

first transmission means 126, which system may be mounted at a first location of the mon-10 

itoring area 110, and a second sensor system 130 comprising a second acoustic sensor 

132, a second processor 134, and second transmission means 136, which system may be 

mounted at a second location of the monitoring area 110 that is different from the first loca-

tion. The first acoustic sensor 122 or the second acoustic sensor 132 may be a passive 

acoustic sensor (such as a microphone), for example, in which a noise generated by an 15 

observed operation/process/activity in the monitoring area 110 itself (e.g. the sound event 

140) is evaluated. Alternatively, the first acoustic sensor 120 and the second acoustic sen-

sor 130 may be an active acoustic sensor. An active acoustic sensor may, for example, 

generate an ultrasonic field that is influenced by the observed operation/process/activity in 

the monitoring area 110 (e.g. sound event 140). For example, changes in the monitoring 20 

area 110 may be detected from sound reflections.  

 

According to an embodiment, in the first sensor system 120 the first acoustic sensor 122, 

the first processor 124 and the first transmission means 126 are connected to one another. 

Similarly, in the second sensor system 130, the second acoustic sensor 132, the second 25 

processor 134 and the second transmission means 136 may be connected to one another. 

For example, the acoustic sensor 122, 132 may be connected to the processor 124, 134, 

and the processor 124, 134 may be connected to the transmission means 124, 136.  

 

According to an embodiment, the first sensor system 120 or the second sensor system 130 30 

may be battery- or accumulator-operated. Thus, the first sensor system 120 or the second 

sensor system 130 may work self-sufficiently and may therefore be mounted individually in 

the monitoring area 110 on the basis of the monitoring area 110. For example, no external 

power supply is required, so that even monitoring areas 110 which have no power supply 

for the device 100 may be monitored by means of the device 100. 35 
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Furthermore, the device 100 may have a central evaluation means 150, which is connected 

to the first transmission means 126 and the second transmission means 136, for example 

by cable, or is configured to wirelessly communicate with the first transmission means 126 

and the second transmission means 136 according to a mobile radio protocol.  

 5 

According to an embodiment, the first processor 124 may be configured to classify a first 

audio signal 142 detected by the first acoustic sensor so as to obtain a first classification 

result, and the second processor 134 may be configured to classify a second audio signal 

144 detected by the second acoustic sensor 132 so as to obtain a second classification 

result. For example, the first audio signal 142 and the second audio signal 144 may have 10 

the same sound event 140 as their source. However, it is also possible that the first audio 

signal 142 is generated by a sound event 140 different from that which generates the sec-

ond audio signal 144; the two different sound events may differ in terms of their positions in 

the monitoring area 110, for example.  

 15 

According to an embodiment, the first classification result and the second classification re-

sult may be configured to indicate appliances in the monitoring area, activities in the moni-

toring area, volumes in the monitoring area, phases of a process in the monitoring area, or 

a match of at least part of the first audio signal 142 or of the second audio signal 144 with 

a predetermined classification result. For example, the sound event 140 that causes the 20 

first audio signal 142 and the second audio signal 144 may be a milling noise, whereby the 

first classification result and the second classification result indicate, for example, a milling 

machine (appliance in the monitoring area 110). For example, an activity in monitoring area 

110 may be seen to be a car, truck or train passing the first sensor system 120 or the second 

sensor system 130 in monitoring area 110. An activity in the monitoring area may also be 25 

understood to be actions like drilling, milling, turning, grinding, sawing, planing, etc. If the 

processor 124, 134 is to classify according to volume, the first classification result and the 

second classification result may indicate, e.g., an exact volume or a categorization into a 

volume group. If classification is into phases of a process, for example, a single machine 

(e.g. a robot that may perform several actions) may be monitored. For example, a machine 30 

may perform several different actions, each of which may send out a different sound event 

140, whereby the respective sound event 140 can be associated with a certain phase in 

which the appliance, the machine is currently working. For example, a machine may have 

the phases of positioning of a workpiece, CNC machining of the workpiece, welding of the 

workpiece to another workpiece, cooling the workpiece, and transferring of the workpiece. 35 
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However, phases of a process may also include different phases, for example of a con-

struction process on a building site. In this way, the device 100 may monitor, for example, 

whether different construction phases proceed correctly in terms of time and space.  

 

For example, the first classification result or the second classification result may be a clas-5 

sification result for a construction site event, which may be formed as a group containing a 

tool noise, a hammering noise, a sawing noise, a drilling noise, a pneumatic hammering 

noise, a measuring device noise, a machine noise, a burden chain noise, a concrete mixing 

noise, a concrete casting noise, an excavator noise, a roller noise, a material unloading 

noise, a tear-down noise or a scaffolding noise. All enumerations of possible first classifica-10 

tion results or second classification results listed herein are to be regarded as exemplary 

and not conclusive.  

 

According to an embodiment, the monitoring area 110 may thus be a construction site, a 

factory building with machines, a machine, or an inhabited place or part of an inhabited 15 

place. All enumerations for the possible monitoring area that are listed here are to be re-

garded as exemplary rather than exhaustive.  

 

According to an embodiment, the first transmission means 126 may be configured to trans-

mit the first classification result to the central evaluation means 150, and the second trans-20 

mission means 136 may be configured to transmit the second classification result to the 

central evaluation means 140. The central evaluation means 150 may be configured to re-

ceive the first classification result and the second classification result and to generate a 

monitoring output 152 for the monitoring area 110 as a function of the first classification 

result and the second classification result.  25 

 

According to an embodiment, the first acoustic sensor 122 may be configured to measure 

a first level of the first audio signal 142, and the first transmission means 126 may be con-

figured to transmit the first level to the central evaluation means 150. Thus, for example, it 

is possible to monitor, with the device 100 in the monitoring area 110, whether level limit 30 

values within the monitoring area 110 are adhered to. The first level may also be used to 

monitor whether fluid piping systems, e.g., are working properly. For example, the first sen-

sor system 120 or the second sensor system 130 may be mounted on the piping system to 

detect, for example, a continuous noise of the fluid through the piping. If, for example, there 

is a narrowing of the pipe (e.g. due to lime deposits, dirt, etc.), the first level of noise may 35 

change. Even if, for example, there are holes in the pipes, the first level may change and, 
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thus, the device 100 may be used to conclude that there are non-functional pipes. Option-

ally, the first level may also be used to monitor, by means of the device 100, velocities of 

the fluid within the pipe, or velocities at which the fluid exits the pipe system from nozzles, 

or nozzle contamination (e.g., nozzle functionality). 

 5 

According to one embodiment, the second acoustic sensor 132 may additionally be config-

ured to measure a second level of the second audio signal 144, and the second transmis-

sion means 136 may be configured to transmit the second level to the central evaluation 

means 150. The central evaluation means 150 may, for example, be configured to spatially 

locate a source (e.g. the sound event 140) of the first audio signal 142 and of the second 10 

audio signal 144 in the monitoring area 110 as a function of the first level and of the second 

level, while using information about the first location and information about the second lo-

cation, when the first classification result (coming from the first transmission means 126) 

matches the second classification result (e.g. received from the second transmission means 

136). According to Fig. 1, for example, the source 140 of the first audio signal 142 and of 15 

the second audio signal 144 is located closer to the first sensor system 120 than to the 

second sensor system 130, so that the first level is higher than the second level, for exam-

ple. Thus, the central evaluation means 150 may conclude, from a combination of the first 

level and of the second level, how far the source of the first audio signal 142 and of the 

second audio signal 144 is positioned, e.g., from the first sensor system 120 and the second 20 

sensor system 130, and may additionally spatially locate the source 140 very accurately or 

exactly in the monitoring area 110 by using the information about the first location (of the 

first sensor system 120) and the information about the second location (of the second sen-

sor system 130).  

 25 

According to an embodiment, the first level and the second level are used for locating the 

source 140 in the monitoring area 110 only if the first classification result matches the sec-

ond classification result. This ensures that the first audio signal 142 and the second audio 

signal 144 have a common source and that, thus, both levels (the first level and the second 

level) may be used for localization. For example, if the first acoustic sensor 122 detects the 30 

first audio signal 142a from the source 140a, and the second acoustic sensor 132 detects 

the second audio signal 144b from the source 140b, the location of the source 140a will be 

different from the location of the source 140b. If, for example, the second sensor system 

130 does not detect a second audio signal 144a from the source 140a, and the first sensor 

system 120 does not detect a first audio signal 142b from the source 140b, the first sensor 35 

system 120 may, for example, obtain a first classification result indicating that drilling was 
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performed at the source 140a, and the second sensor system 130 may obtain a second 

classification result indicating that hammering was performed at the source 140b, for exam-

ple, which makes the first classification result different from the second classification result, 

and thus the central evaluation means 150 may only roughly locate, for example, the source 

140a and the source 140b in the monitoring area 110 since the central evaluation means 5 

150 may thus only determine that the source 140a is arranged outside the detection area 

of the second sensor system 130 at a distance from the first sensor system 120 which is 

dependent on the first level, and that the source 140b is arranged outside the detection area 

of the first sensor system 120 at a distance from the second sensor system 130 which is 

dependent on the second level. Thus, localization is possible even with different classifica-10 

tion results.  

 

According to an embodiment, the central evaluation means 150 is configured to indicate, in 

the monitoring output 152, when an upper limit value is exceeded by the first level. Thus, 

the central evaluation means 150 may ascertain, for example, if activities, processes, 15 

phases in the monitoring area 110 are too loud, and may thus inform the user of the device 

that the sound event 140 should be attenuated.  

 

According to an embodiment, the first acoustic sensor 122 may be configured to detect the 

first audio signal 142 and to measure a first level of the first audio signal 142 and to set the 20 

first processor 124 or the first transmission means 126 from a sleep mode to an operating 

mode only when a lower limit value for the first level is exceeded. The first processor 124 

may be configured to determine the first classification result in the operating mode only, or 

the first transmission means 126 may be configured to perform transmission in the operating 

mode only. The first transmission means 126 or the first processor 124 may be configured 25 

to consume less power in the sleep mode than in the operating mode. For example, only 

the first acoustic sensor 122 is in a continuous operating mode (e.g. measurements at sev-

eral points in time at periodic intervals or stochastically within a period of time, or continuous 

measurement of the first audio signal 142 within a period of time) and is configured to set 

the first processor 124 and the first transmission means 126 from a sleep mode to the op-30 

erating mode only if, for example, an acoustic event has a higher level than the background 

noise detected in the operating mode of the first sensor system 120, which background 

noise is below the lower limit value, for example. For example, since the first processor 124 

and the first transmission means 126 are only in a "stand-by" mode in the sleep mode and 

do not perform any actions but only wait for the acoustic sensor to be switched to an oper-35 

ating mode, less energy is consumed in the sleep mode than in the operating mode.  
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According to one embodiment, the first acoustic sensor 122 may be configured to detect 

the first audio signal 142, to measure a first level of the first audio signal 142, and to set the 

first processor 124 or the first transmission means 126 in such a manner that the first clas-

sification result will be determined by the first processor 124 and be transmitted to the cen-5 

tral evaluation means 150 via the first transmission means 126 if the first level is higher than 

a lower limit value, and that no first classification result will be determined by the first pro-

cessor 124 and be transmitted to the central evaluation means 150 by means of the first 

transmission means 126 if the first level is less than or equal to the lower limit value. Thus, 

for example, as long as the first acoustic sensor 122 measures only acoustic noise below 10 

or equal to the lower limit value, no further steps such as classification by the first processor 

124 or transmission of the first classification result to the central evaluation means 150 by 

means of the first transmission means 126, for example, will be initiated. However, if the 

first acoustic sensor 122 measures a first level greater than the lower limit value, the device 

100 may conclude that the first audio signal 142 belonging to the first level is associated 15 

with an acoustic event 140 which describes an activity, process or phase in the monitoring 

area 110. Thus, the first acoustic sensor 122 may initialize that the first detected audio 

signal 142 is classified by the first processor 124 and that the first classification result thus 

obtained is transmitted to the central evaluation means 150 by the first transmission means 

126. This may prevent, for example, that the first processor 124 tries to classify a first audio 20 

signal 142 without information content and possibly obtains a first classification result, even 

though the first audio signal 142 does not comprise any information content. This feature 

thus ensures that an error rate of the first processor 124 or of the central evaluation means 

150 is reduced, thus increasing the accuracy of the device for monitoring the monitoring 

area 110.  25 

 

According to an embodiment, the first audio signal 142 detected by the first acoustic sensor 

122 may be a superposition of at least two sound events (e.g. sound event 140 and sound 

event 140a). The first processor 124 may be configured to apply a source separation algo-

rithm to the first audio signal 142, 142a so as to classify the at least two sound events or to 30 

obtain a first source signal and a second source signal which represent the at least two 

sound events so as to classify the first source signal and the second source signal.  

 

According to an embodiment, the first processor 124 may be configured to classify the first 

audio signal 142, 142a, 142b, detected by the first acoustic sensor 122, the first audio signal 35 

142, 142a, 142b in a time/frequency representation to obtain a first classification result. 
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Since different sound events 140, 140a, 140b may also have different time/frequency rep-

resentations, the time/frequency representation may be used to simplify classification by 

the first processor 124, for example, since it is now the time/frequency representation that 

should be analyzed by the first processor 124 rather than the entire first audio signal, which 

may also represent superpositions of several sound events, for example. By converting the 5 

first audio signal 142, 142a, 142b to the time/frequency representation by the first processor 

124, the classification may be accelerated within the first processor or by means of the first 

processor 124, whereby, e.g., the device 100 may already generate a monitoring output for 

the monitoring area 110 after a very short time.  

 10 

According to an embodiment, the first transmission means 126 may be configured to trans-

mit the first classification result with first local or temporal information to the central evalua-

tion means 150, and the central evaluation means 150 may be configured to generate the 

first classification result in connection with the first local and temporal information as moni-

toring output 152 for the monitoring area 110. Thus, the first classification result may be 15 

associated, for example, with local information such as the source 140, 140a, 140b of the 

first audio signal, an area in which the source 140, 140a, 140b is located, with the first 

location where the first sensor system 120 may be mounted or where a sensor ID may be 

mounted which may be associated with the first sensor system 120, and with temporal in-

formation, such as with a time stamp for a point in time when the first acoustic sensor 122 20 

has detected the first audio signal 142, or for the point in time when the first transmission 

means 126 has transmitted the first classification result to the central evaluation means 150. 

The monitoring output 152 may thus indicate when and where the first classification result 

occurred in the monitoring area 110. Thus, the device 100 is configured, for example, to 

accurately monitor the monitoring area 110 in terms of time and location.  25 

 

According to an embodiment, the central evaluation means 150 may have a memory 154 

for storing a specified process schedule plan that shows a series of activities in the moni-

toring area 110. The specified process schedule plan may be individually specified by the 

user of the device 100 and stored in the memory 154. The specified process schedule plan 30 

may define which events are to take place in the monitoring area 110 within a specified 

period of time and, thus, are to be detected by the first monitoring system 120 or the second 

sensor system 130, for example. The central evaluation means 150 may also have a pro-

cessor 156 for arranging the first classification result and the second classification result in 

an order defined by spatial or temporal information about the first sensor system 120 or the 35 

second sensor system 130. The first classification result and the second classification result 



 

 

- 22 - 

may indicate the activities (actions, events, processes, phases) taking place in the monitor-

ing area 110. The central evaluation means 150 is configured, for example, to compare the 

specified process schedule plan with the arranged first and second classification results 

(e.g. order) and to generate a monitoring output 152 as a function of a result of the compar-

ison. This feature enables the device 100 to monitor the monitoring area 110, for example, 5 

in terms of whether a specified process schedule plan is being adhered to. For example, 

the central evaluation means 150 may indicate, in the monitoring output 152, to what extent 

the order and/or the arranged first and second classification results deviate from the speci-

fied process schedule plan.  

 10 

According to an embodiment, the monitoring output 152 may indicate a difference between 

the specified process schedule plan and the arranged first and second classification results.  

 

According to an embodiment, the first sensor system 120 may be configured to continuously 

detect the first audio signal 142, 142a, 142b, 144, 144a, 144b by means of the first acoustic 15 

sensor 122, 132 in order to classify the first audio signal 142, 142a, 142b, 144, 144a, 144b 

in the first processor 124, 134 within a first maximum time period, said first maximum time 

period being shorter than five seconds (the first maximum time period may also be shorter 

than three minutes, two minutes, one minute, or half a minute), and the first transmission 

means 126, 136 may be configured to transmit the first classification result (e.g. the first 20 

classification result and the second classification result) to the central evaluation means 

150 within a second maximum time period, said second maximum time period being shorter 

than five seconds (the second maximum time period may also be shorter than three 

minutes, two minutes, one minute or half a minute). Thus, the first sensor system 120 may 

detect, classify and transmit the audio signal 142, 142a, 142b, 144, 144a, 144b very quickly, 25 

allowing the device 100 to acoustically monitor the monitoring area 110 in real time, for 

example.  

 

According to an embodiment, the first sensor system 120 may be configured to obtain the 

first classification result at a first point in time and at a second point in time by means of the 30 

first processor 124 and to transmit it to the central evaluation means 150 by means of the 

first transmission means 126, wherein the central evaluation means 150 may be configured 

to order and indicate the first classification result of the first point in time and the first clas-

sification result of the second point in time, as a function of the first point in time or the 

second point in time. Indicating here may be understood as generating the monitoring out-35 

put for the monitoring area.  
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According to an embodiment, the first transmission means 126 may be configured to trans-

mit to the central evaluation means 150 an identification of the first sensor system 120 to-

gether with the first classification result. The second transmission means 136 may be con-

figured to transmit to the central evaluation means 150 an identification of the second sen-5 

sor system 130 together with the second classification result. The central evaluation means 

150 may have a memory 154, said memory comprising an association of the identification 

of the first sensor system 120 with the first location and of the identification of the second 

sensor system with the second location. The central evaluation means 150 may be config-

ured to determine the first location on the basis of the identification of the first sensor system 10 

from the memory 154 and to determine the second location on the basis of the identification 

of the second sensor system from the memory 154 and to spatially locate a first source area 

of the first audio signal 142 and a second source area of the second audio signal 144 in the 

monitoring area on the basis of the first location, the second location, the first classification 

result or the second classification result.  15 

 

According to an embodiment, the first transmission means 126 may be configured to trans-

mit only the first classification result or a processed first audio signal 142 to the central 

evaluation means 150, and the second transmission means 136 may be configured to trans-

mit only the second classification result or a processed second audio signal 144, 144a, 144b 20 

to the central evaluation means 150. A processed audio signal may be, for example, an 

audio signal that has been distorted, so that, for example, speech is no longer understand-

able but the processed audio signal may be classified by the central evaluation means 150, 

for example, and, despite the distortion, may still recognize which activities, processes, 

events, phases have occurred in the monitoring area 110. However, a processed audio 25 

signal may also define a signal from which, for example, speech formants have been filtered 

out, which means that no audio signals that linguistically intelligible are transmitted to the 

central evaluation means 150.  

 

According to an embodiment, the first transmission means 126 may be configured to trans-30 

mit a first signal to the central evaluation means only if the first classification result matches 

a first predetermined classification result. Similarly, the second transmission means 136 

may be configured to transmit a second signal to the central evaluation means 150 only if 

the second classification result matches a second classification result. The first signal or the 

second signal may be, for example, a logical 1, a ping, or a characteristic signal indicating 35 

that the first classification result matches the first predetermined classification result and the 
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second classification result matches the second predetermined classification result, respec-

tively. The central evaluation means 150 may be configured to count how many times per 

time period the first sensor system 120 has determined the first predetermined classification 

result (here, for example, the number of times the first signal is transmitted to the central 

evaluation means 150 is counted) or how many times per time period the second sensor 5 

system 130 has determined the second predetermined classification result (here, for exam-

ple, the central evaluation means 150 counts how many times the second signal has been 

transmitted to the central evaluation means 150).  

 

According to an embodiment, the first predetermined classification result and the second 10 

predetermined classification result may be a classification result for a vehicle (car, bus, 

truck, train (possibility of differentiation between freight train/passenger train), airplane, bi-

cycle, etc.). The monitoring area 110 may be a road, a road network or a rail network. 

Therefore, the first sensor system 120 or the second sensor system 130 may be mounted 

to roads or rails, for example. The central evaluation means 150 may be configured to pro-15 

vide capacity utilization of the monitoring area per location or per group of locations. For 

example, a road network may be acoustically monitored with the device 100, and the central 

evaluation means 150 may be configured to count how often the first signal or the second 

signal is transmitted to the central evaluation means 150 in order to determine how many 

cars, buses or trucks pass the first sensor system or the second sensor system. Here, for 20 

example, the first sensor system may always send a first signal when a car passes (the first 

predetermined classification result is a car), or the second sensor system may always send 

a second signal to the central evaluation means 150 when a truck passes the second sensor 

system 130 (the second predetermined classification result in this case is a truck, for exam-

ple). Thus, for example, the device 100 may be used to perform a traffic census or to monitor 25 

capacity utilization of the road network of the road. For example, the device 100 may be 

used to monitor the road network at an airport where both airplanes and buses as well as 

other transport vehicles are moving about.  

 

According to an example, the device 100 may be used on construction sites. Various causes 30 

may lead to delays in planned processes on construction sites (dependencies between con-

struction phases, delivery bottlenecks and delays, etc.). Construction delays may lead to 

high financial losses (e.g. claims for damages, etc.). To avoid this, the device 100 may be 

used on construction sites to check planned processes such as a predetermined process 

schedule plan, for example, and to detect possible delays or causes of delays while using 35 

the device 100, for example in that the central evaluation means 150 is configured to be 
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able to compare detected processes with the specified process schedule plan and, thus, to 

detect deviations.  

 

On large construction sites, different construction phases often run parallel in terms of space 

and time. This may be a technical challenge, as several sounds created by construction 5 

activities that are often carried out simultaneously may superimpose. By means of the de-

vice 100, for example, a source separation algorithm may be applied to the captured audio 

signal in a processor 124, 134 of the first sensor system or the second sensor system 130 

in order to separate superpositions and to be able to associate them with individual noise 

sources and, thus, to classify the individual noise sources within the audio signal individually 10 

by means of the processor 124, 126 and, thus, to simultaneously capture and monitor sev-

eral parallel activities, processes and phases on a construction site. The device 100 enables 

precisely timed process monitoring of the construction phases and associated activities with 

only little expenditure and simple logistic feasibility.  

 15 

According to an example, the device 100 comprises a distributed sensor system, e.g. con-

sisting of a first sensor system 120 at a first location and the second sensor system 130 at 

the second location, for continuous audio capturing at one or several positions within a 

construction site. The device 100 is not limited to the first sensor system 120 and the second 

sensor system 130, but may have further sensor systems such as, e.g., a third sensor sys-20 

tem, a fourth sensor system, a fifth sensor system, a sixth sensor system and an eighth 

sensor system comprising the same features as the first sensor system 120 or the second 

sensor system 130.  

 

In other words, according to one embodiment, a real-time analysis may be performed of the 25 

audio data (e.g. the audio signals 142, 142a, 142b, 144, 144a, 144b) on the sensors (e.g. 

the first sensor system 120 or the second sensor system 130) and transmission of the anal-

ysis results (e.g. of the classification result or of the second classification result) to a central 

server (e.g. the central evaluation means 150) via mobile radio for comprehensive evalua-

tion (e.g. long-term evaluation).  30 

 

According to an embodiment, a conversion of the audio signal 142, 142a, 142b, 144, 144a, 

144b to a time/frequency representation (e.g. by means of short-term Fourier transfor-

mation) may be performed at each sensor (e.g. the first sensor system 120 and the second 

sensor system 130). As an option, automatic classification of several sound events 140, 35 

which may be associated with certain construction phases/activities (e.g. hammer blow, 
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cordless drill, burden chain unloading), may be performed in the first sensor system 120 or 

the second sensor system 130. Said automatic classification may be performed, e.g., by 

the first processor 124 or the second processor 134. According to an embodiment, auto-

matic classification may be performed via a time/frequency representation (e.g. spectro-

gram) combined with an automatic classification algorithm (e.g. neuronal networks), 5 

wherein characteristic sound patterns may be learned or recognized via a time/frequency 

representation combined with an automatic classification algorithm. This also allows simul-

taneous recognition of several active activities which superimpose one another correspond-

ingly in sound.  

 10 

According to an embodiment, active construction phases (at different positions within the 

construction site (e.g. the monitoring area 110)) may be derived and temporally documented 

on the basis of the detected sound events 140, 140a, 140b. Thus, for example, the first 

processor 124 or the second processor 134 may associate a first classification result or a 

second classification result with a first audio signal or a second audio signal, respectively, 15 

which classification result may indicate an active construction phase, and additionally, for 

example, the first transmission means 126 or the second transmission means 136 may 

transmit a time stamp to the central evaluation means 150 with the first classification result 

or the second classification result, respectively, so that temporal documentation is imple-

mented. In the memory 154 of the central evaluation means 150, for example, a specified 20 

process schedule plan may be stored, which specified process schedule plan may, for ex-

ample, comprise an association between construction phases and associated activities or 

positions within the construction site (the monitoring area 110) by providing expertise (e.g. 

to the user of the device 100). Thus, activities detected by the first sensor system 120 or 

the second sensor system 130 may be compared, in the central evaluation means 150, with 25 

the specified process schedule plan. This enables precisely timed tracking of the construc-

tion progress. By the automatic comparison with the construction plan (e.g. the specified 

process schedule plan), possible delays may be spatially and temporally identified in the 

monitoring area 110 by means of the device 100.  

 30 

In the following, further preferred embodiments will be described, in particular, in addition 

or alternatively to the above explanation.  

 

According to one embodiment, the first sensor system 120 or the second sensor system 

130 may be configured to perform additional measurements of sound levels (e.g. the first 35 

level or the second level) at the individual sensors (e.g. the first acoustic sensor 122 or the 
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second acoustic sensor 132). Here, for example, temporal filtering is useful, so that these 

levels are stored/analyzed during active activities only. For example, the first processor 124 

or the second processor 134 will be switched from a sleep mode to an operating mode if 

the first acoustic sensor 122 or the second acoustic sensor 132 detects an active activity 

(e.g. a level exceeding a lower limit value).  5 

 

According to an embodiment, the temporally measured sound level values may be used to 

precisely locate the activity on the construction site (e.g., the monitoring area 110) if the 

same sound event (e.g., a match between the first classification result and the second clas-

sification result) is detected as active at several spatially adjacent sensors (e.g., the first 10 

sensor system 120 and the second sensor system 130). Optionally, exact spatial localiza-

tion of the activity in the monitoring area 110 may be effected by runtime/correlation anal-

yses, for example. Said spatial localization may be performed by the central evaluation 

means 150, for example.  

 15 

Thus, according to an embodiment, different activities may be detected in a spatially located 

and precisely timed manner across the entire spatial extension of a construction site (e.g. 

the entire monitoring area 110).  

 

In the following, still further preferred embodiments will be described, in particular, in addi-20 

tion or alternatively to the above explanation.  

 

According to one embodiment, compliance with (statutory) noise regulations may be sys-

tematically monitored and documented by means of continuous and spatially distributed 

measurement of sound levels (e.g. by the first acoustic sensor 122 or the second acoustic 25 

sensor 132). If limit values (e.g. the lower limit value) are exceeded, the analysis results 

(e.g. of the monitoring output 152) may be used to identify specific causes in order to elim-

inate them. For example, the device 100 may be used to ascertain, in the monitoring area 

110, the points at which there is particularly high noise exposure (e.g. a level of an audio 

signal exceeds the lower limit value) and the cause that is to be attributed to this increased 30 

volume.  

 

In the following, effects and advantages of the embodiments described herein (e.g. of the 

embodiments described above and the embodiments described below) will be explained.  

 35 
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According to one embodiment, the device 100 may be configured to perform precisely timed 

and spatial process monitoring of construction phases and related activities on construction 

sites (e.g. monitoring area 110) of any size. Depending on the size, for example, the number 

of sensor systems used may vary. For example, for a larger monitoring area 110, more 

sensor systems should be mounted in the monitoring area than for a smaller monitoring 5 

area.  

 

The device 100 offers a low-cost technical solution due to low costs of the distributed sensor 

systems (e.g. of the first sensor system 120 or of the second sensor system 130) compris-

ing, e.g., a simpler microphone system and simpler server components (e.g. the first pro-10 

cessor 124 or the second processor 134) for analysis tasks.  

 

According to an embodiment, the first processor 124 or the second processor 134 may be 

individually adapted to the monitoring area 110 or to the requirements of the user for the 

monitoring area 110. For example, the first processor 124 or the second processor 134 is 15 

readily adaptable to new classes/local acoustic conditions (environmental noises etc.)/clas-

sification results by re-training the classification models. Thus, the device 100 and a method 

of acoustic process monitoring of construction sites or of acoustic monitoring of other sce-

narios may be employed.  

 20 

According to one embodiment, sound recognition on the sensor nodes (e.g. in the first pro-

cessor 124 or the second processor 134) may be used to prevent real audio capturing from 

being transmitted/stored for a long time, which makes it easier to meet data protection re-

quirements (e.g. avoidance of possible speech recognition).  

 25 

According to one embodiment, the device 100 may be used on a construction site. Here, a 

possible application scenario may be classification of construction site vehicles passing the 

sensor in order to precisely monitor the logistics of construction material delivery. For this 

purpose, for example, a material transporter may be stored in the first processor 124 or the 

second processor 134 as a specified classification result. If the first processor 124 or the 30 

second processor 134 recognizes the specified classification result, for example in the audio 

signal recorded by the first acoustic sensor 122 or the second acoustic sensor 132 (e.g. in 

the first audio signal or the second audio signal), the first transmission means 126 or the 

second transmission means 136 may send a logical 1, a ping or a characteristic signal to 

the central evaluation means 150, which then counts this received signal for the monitoring 35 

area 110.  
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Another possible application scenario is monitoring of working times of stationary machines 

on the construction site (e.g. the concrete pump) or in factories (e.g. robots) to analyze 

material logistics/the equipment level of the machines.  

 5 

According to an embodiment of the device 100, not only construction sites may be acousti-

cally monitored with the device 100 as described above, but also other scenarios, such as 

a traffic census or monitoring or condition monitoring of machines on construction sites or 

other locations.  

 10 

Fig. 2 shows a schematic representation of the device 100 according to an embodiment of 

the present invention. The device 100 may have the same features and functionalities as 

the device 100 in Fig. 1. For example, the device 100 of Fig. 2 comprises the first sensor 

system 120, the second sensor system 130 and the central evaluation means 150. By 

means of the device 100, the monitoring area 110 may be monitored acoustically.  15 

 

According to an embodiment, a first source 140a of a first sound event and a second source 

140b of a second sound event may be arranged in the monitoring area 110. The acoustic 

noise caused by the source 14a and that caused by the second source 140b may be su-

perimposed on each other, allowing the first sensor system 120 to detect a first superim-20 

posed audio signal 142 and the second sensor system 130 to detect a second superim-

posed audio signal 144. In other words, the first audio signal 142 or the second audio signal 

144 is, for example, a superposition of at least two sound events (e.g., a first sound event 

caused by the first source 140a and a second sound event caused by the second source 

140b). The first sensor system 120 may have a first processor, and the second sensor 25 

system 130 may have a second processor. The first processor may be configured to apply 

a source separation algorithm to the first audio signal, and/or the second processor may be 

configured to apply a source separation algorithm to the second audio signal 144 so as to 

classify the at least two sound events or to obtain a first source signal and a second source 

signal which represent the at least two sound events so as to classify the first source signal 30 

and the second source signal.  

 

The source separation algorithm may, for example, have specific noise signals which may 

occur, for example, in the monitoring area 110, and may compare these characteristic noise 

signals with the first audio signal 142 captured by the first sensor system 120 or the second 35 

audio signal 144 captured by the second sensor system 130, and may thereby associate, 
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for example, two characteristic noise signals with the first audio signal 142 or with the sec-

ond audio signal 144, whereby the source separation algorithm may be used to obtain a 

first classification result or a second classification result directly from the first audio signal 

142 or the second audio signal 144, respectively, with for example two classifications (e.g. 

of the first source 140a and of the second source 140). Alternatively, the source separation 5 

algorithm may also first separate the detected audio signal 142, 144 into a first source signal 

and a second source signal, which correspond to the first source 140a and the second 

source 140b, respectively. This enables the processor (e.g., the first processor in the first 

sensor system 120 and the second processor in the second sensor system 130) to classify 

the first source signal and classify the second source signal in a further step and, thus, to 10 

obtain a first classification result or a second classification result, respectively, with two 

classifications (of the first source signal and of the second source signal).  

 

According to an embodiment, more than two sources for two sound events may be arranged 

in the monitoring area 110. According to Fig. 2, for example, four sound events with a first 15 

source 140a, a second source 140b, a third source 140c and a fourth source 140d may be 

arranged in the monitoring area 110. For example, the first sensor system 120 may have a 

detection area large enough that the acoustic sensor in the first sensor system 120 that the 

first audio signal detected by the first acoustic sensor may detect a superposition of three 

sound events (of the first source 140a, the second source 140b, and the third source 140c). 20 

Similarly, the second sensor system 130 may have an acoustic sensor that has a detection 

area large enough that the acoustic sensor may detect a superposition of three sound 

events (of a first source 140a, a second source 140b and a fourth source 140d). Thus, the 

source separation algorithm in the first processor of the first sensor system 120 as well as 

the source separation algorithm in the second processor of the second sensor system 130 25 

may be adapted to classify the three sound events or to obtain a first source signal, a second 

source signal and a source signal which represent the three sound events in order to clas-

sify the first source signal, the second source signal and the third source signal.  

 

According to an embodiment, the first sensor system 120 and the second sensor system 30 

130 may measure a first level and a second level of the first audio signal and the second 

audio signal, respectively, and the central evaluation means 150 may be arranged to spa-

tially locate a source of the first audio signal and of the second audio signal in the monitoring 

area in case of a match between the first classification result and the second classification 

result, as a function of the first level and the second level, while using information about the 35 

first location and information about the second location. For example, according to Fig. 2, 
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the first classification result of the first sensor system 120 matches the second classification 

result of the second sensor system 130 in that both have classified the first source 140a 

and the second source 140b, whereby two of three classifications of the first classification 

result match two of three classifications of the second classification result. Since the central 

evaluation means 150 may have information, for example, that the first sensor system 120 5 

is mounted at a first location and the second sensor system 130 is mounted at a second 

location, the central evaluation means 150 may locate the first source 140a and the second 

source 140b in the monitoring area 110 on the basis of the information on the first location 

and of the information on the second location as well as of the level information.  

 10 

Fig. 3 shows a schematic representation of a device 100 comprising a central evaluation 

means 150, a first sensor system 120, a second sensor system 130 and a third sensor 

system 160. For example, the first sensor system 120 is located at a first position in the 

monitoring area 110, the second sensor system 130 is located at a second position in the 

monitoring area 110, and the third sensor system 160 is located at a third position in the 15 

monitoring area 110. The first position, the second position and the third position may differ 

from one another. According to an embodiment, the third sensor system 160 may have the 

same features and functionalities as the first sensor system 120 and the second sensor 

system 130. 

 20 

According to an embodiment, the central evaluation means 150 may have a memory in 

which it is stored which sensor system is located at which position in the monitoring area 

110. For example, the memory contains an association of a transmission means ID of the 

first sensor system 120 linked to the first position, of the second sensor system 130 linked 

to the second position, and of the third sensor system 160 linked to the third position. Op-25 

tionally, the memory of the central evaluation means 150 may store which areas of the 

monitoring area 110 are monitored by the first sensor system 120, the second sensor sys-

tem 130 and the third sensor system 160. For example, the first sensor system 120 may 

acoustically monitor areas I, III, IV and V, the second sensor system 130 may monitor areas 

II, III, IV and VI, and the third sensor system 160 may monitor areas IV, V and VI, for exam-30 

ple. If, for example, the first classification result of the first sensor system 120 with a first 

sensor ID is sent to the central evaluation means 150, and a second classification result of 

the second sensor system 130 with a second sensor ID is sent to the central evaluation 

means 150, and a third classification result with a third sensor ID is sent from the third 

sensor system 160 to the central evaluation means 150, the classification results may be 35 
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associated with individual areas within the monitoring area 110 by the central evaluation 

means 150.  

 

For example, a sound event that was detected only by the first sensor system 120 may be 

located only in area I of the monitoring area 110. If a sound event is detected only by the 5 

second sensor system 130, the sound event may be located only in area II of the monitoring 

area 110. If a sound event is detected by both the first sensor system 120 and the second 

sensor system 130, the sound event may be located only in area III of the monitoring area 

110. If a sound event is detected by the first sensor system 120 and the third sensor system 

160, this sound event may be located only in area V, and if a sound event is detected by 10 

the second sensor system 130 and the third sensor system 160, this sound event must be 

located in area VI of the monitoring area 110. If both the first sensor system 120, the second 

sensor system 130 and the third sensor system 160 detect the sound event, the sound 

event must be located, for example, in area IV of monitoring area 110.  

 15 

Thus, the device 100 is configured to perform local information within the monitoring area 

110 at least in some areas on the basis of an identification of the sensor systems 120, 130, 

160.  

 

According to the embodiment in Fig. 3, the first sensor system 120 may have first transmis-20 

sion means which may be configured to transmit to the central evaluation means 150 an 

identification of the first sensor system 120 with the first classification result, and the second 

sensor system 130 may have second transmission means which may be configured to 

transmit to the central evaluation means 150 an identification of the second sensor system 

130 with the second classification result. The central evaluation means 150 may have a 25 

memory, the memory having an association of the identification of the first sensor system 

120 with the first location and of the identification of the second sensor system 130 with the 

second location. Furthermore, the central evaluation means 150 may be configured to de-

termine the first location on the basis of the identification of the first sensor system 120 from 

the memory and to determine the second location on the basis of the identification of the 30 

second sensor system 130 from the memory and to spatially locate a first source area (e.g. 

area I, area II, III, IV, V or VI) of the first audio signal and a second source area of the 

second audio signal in the monitoring area 110 on the basis of the first location, the second 

location, the first classification result or the second classification result.  

 35 
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Fig. 4 shows a schematic representation of a device 100 comprising a central evaluation 

means 150, a first sensor system 120, which may be mounted at a first location in a moni-

toring area 110, a second sensor system 130, which may be mounted at a second location 

of the monitoring area, a third sensor system 160, which may be mounted at a third location 

of the monitoring area 110, a fourth sensor system 160b, which may be mounted at a fourth 5 

location of the monitoring area 110, and a fifth sensor system 160c, which may be mounted 

at a fifth location of the monitoring area 110. The first sensor system 120, the second sensor 

system 130, the third sensor system 160, the fourth sensor system 160b, and the fifth sen-

sor system 160c may have the same features and functionalities as the first sensor system 

120 and the second sensor system 130 of Fig. 1, Fig. 2 and Fig. 3, and as the third sensor 10 

system 160 of Fig. 3.  

 

According to one embodiment, the first sensor system 120 comprises a first acoustic sensor 

122, a first processor 124 and first transmission means 126. The second sensor system 

130 may have a second acoustic sensor 132, a second processor 134 and second trans-15 

mission means 136. According to an embodiment, the third sensor unit 160, the fourth sen-

sor unit 160b, and the fifth sensor unit 160c may have an acoustic sensor 162, 162b, 162c, 

a processor 164, 164b, 164c, and a transmission unit 166, 166b, 166c. According to an 

embodiment, the acoustic sensor 162, 162b, 162c may have the same features and func-

tionalities as the first acoustic sensor 122 and the second acoustic sensor 132. According 20 

to an embodiment, the processor 164, 164b, 164c may have the same features and func-

tionalities as the first processor 124 and the second processor 134. According to one em-

bodiment, the transmission means 166, 166b, 166c may have the same features and func-

tionalities as the first transmission means 126 or the second transmission means 136.  

 25 

According to one embodiment, the transmission means 166, 166b, 166c, the first transmis-

sion means 126, the second transmission means 136 and the central evaluation means 150 

are configured to wirelessly communicate with one another in accordance with a mobile 

radio protocol. This enables mounting the device 100 very easily in a monitoring area since 

no cables have to be laid between the individual components of the device 100 in order to 30 

implement transmission of, for example, classification results. Thus, the individual compo-

nents of the device 100 may be mounted in the monitoring area 110 independently of one 

another in a manner in which they are individually adapted to the monitoring area 110, com-

munication and transmission between the individual components of the device 100 is al-

ways being guaranteed.  35 
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Fig. 5 shows a tabular representation of a monitoring output 152 for a monitoring area gen-

erated by a device. According to an embodiment, a first sensor system of the device may 

be configured to obtain a first classification result 1281 to 128n (where n may be any natural 

number ≥ 3) at a first point in time 1271, a second point in time 1272 and at an nth point in 

time 127n (where further points in time may occur between the second point in time and the 5 

nth point in time n-3) by means of a first processor and to transmit it to a central evaluation 

means by means of a transmission means. The central evaluation means of the device may 

be configured to order the first classification result 1281 of the first point in time 1271 and 

the first classification result 1282 of the second point in time 1272, as a function of the first 

point in time or the second point in time, respectively, and to indicate them in the monitoring 10 

output 152, for example. For example, the first classification result 1281 (drilling) is ordered 

to chronologically come before the first classification result 1282 (hammering) in monitoring 

output 152 because the first point in time 1271 occurred before the second point in time 

1272. According to Fig. 5, first classification results 1281 to 128n may be obtained with the 

device 100 at n points in time 1271 to 127n, which classification results 1281 to 128n may be 15 

ordered by the evaluation means as a function of a point in time and may be indicated. 

According to Fig. 5, temporal information or points in time are indicated in a column, together 

with the time of the day and date. Optionally, it is also possible to indicate only a time of the 

day or only a date.  

 20 

The first classification result 1281 to 128n may indicate, according to an embodiment, which 

activities, processes or phases have been performed in a monitoring area. Thus, for exam-

ple, the monitoring output 152 no longer represents the audio signal captured by an acoustic 

sensor of the device, but a classification of noises in the audio signal.  

 25 

According to an embodiment, the first transmission means of the device may be configured 

to transmit the first classification result 1281 to 128n to the central evaluation means together 

with first local 129 or temporal 127 information. The central evaluation means may be con-

figured to generate the first classification result 1281 to 128n in conjunction with the first local 

129 and temporal 127 information as the monitoring output 152 for the monitoring area.  30 

 

According to an embodiment, the device may have not only a first sensor system but also 

a second sensor system that may generate a second classification result 1381, 1382. Here, 

the first sensor system may be mountable at a first location 1291 to 129n, and the second 

sensor system may be mountable at a second location 1391, 1392. According to the embod-35 

iment in Fig. 5, the first sensor system and the second sensor system may, for example, 
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simultaneously detect activities, processes, phases in the monitoring area. For example, for 

the first point in time 1271, the central evaluation means receives a first classification result 

1281 from the first sensor system and a second classification result 1381 from the second 

sensor system. These two classification results 1281, 1381 may now be sorted according to 

their local information 129 in the monitoring output 152 since they have the same point in 5 

time.  

 

According to an embodiment, a sensor system such as the first sensor system may detect 

several actions/activities/processes/phases in the monitoring area at the same time 127n. 

Thus, for example, the first classification result 128n for a time 127n may have three classi-10 

fications (e.g. pneumatic hammer, electric motor and saws). Thus, in the monitoring output 

152, for example, all three classifications of the first classification result 128n at the time 

127n may be displayed or shown to be connected to the associated local information 129n. 

 

For example, the monitoring output 152 may be provided to the user of the device on an 15 

external appliance, a mobile device (such as a mobile device or tablet). Thus, the user may 

use the monitoring output 152 to determine which activities/processes/phases have taken 

place in the monitoring area over a given period of time. Here the user is shown at which 

time and at which place within the monitoring area which event has taken place.  

 20 

According to an embodiment, the tabular representation of Fig. 5 for the classification re-

sults 128, the temporal information 127 and the local information 129 may represent an 

intermediate result of the central evaluation means, which may be compared, for example, 

with a specified process schedule plan of the monitoring area.  

 25 

In other words, the central evaluation means of the device may have a memory for storing 

a specified process schedule plan that contains a series of activities in the monitoring area. 

Furthermore, the central evaluation means may include a processor for arranging the first 

classification result 1281 to 128n and the second classification result 1381, 1382 in an order 

152 defined by spatial 129 or temporal information 127 about the first sensor system or the 30 

second sensor system, the first classification result 1281 to 128n and the second classifica-

tion result 1381, 1382 indicating the activities in the monitoring area. According to an em-

bodiment, the central evaluation means may be configured to compare the specified pro-

cess schedule plan with the arranged first and second classification results (of order 152) 

and to generate a monitoring output as a function of a result of the comparison. In this case, 35 

for example, the monitoring output is not the tabular representation of Fig. 5, but a difference 
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between the specified process schedule plan and the arranged first and second classifica-

tion results (of order 152).  

 

For example, the second sensor system may detect a crane taking up work at a second 

point in time 1272 at the second location 1392 (second classification result 1382), although, 5 

for example, in the specified process schedule plan this activity should not take place at the 

second point in time 1272. Thus, a monitoring output of the central evaluation means may 

indicate that the crane has started working at the forecourt 1392 of the building at the second 

point in time 1272, or it may only indicate that a difference has occurred between the spec-

ified process schedule plan and the arranged first and second classification results.  10 

 

Fig. 6 shows a block diagram of a method 200 for acoustic monitoring of a monitoring area. 

Procedure 200 may have the following steps: mounting 210 a first sensor system compris-

ing a first acoustic sensor, a first processor and first transmission means at a first location 

of the first monitoring area, mounting 220 a second sensor system comprising a second 15 

acoustic sensor, a second processor and second transmission means at a second location 

of the monitoring area, different from the first location, classifying 230 a first audio signal, 

detected by the first acoustic sensor, with the first processor to obtain a first classification 

result, classifying 240 a second audio signal, detected by the second acoustic sensor, with 

the second processor to obtain a second classification result, transmitting 250 the first clas-20 

sification result to a central evaluation means with the first transmission means, transmitting 

260 the second classification result to the central evaluation means with the second trans-

mission means, receiving 270 the first classification result and the second classification 

result with the central evaluation means, and generating 280 a monitoring output for the 

monitoring area, as a function of the first classification result and the second classification 25 

result, with the central evaluation means.  

 

Even though some aspects have been described within the context of a device, it is under-

stood that said aspects also represent a description of the corresponding method, so that a 

block or a structural component of a device is also to be understood as a corresponding 30 

method step or as a feature of a method step. By analogy therewith, aspects that have been 

described in connection with or as a method step also represent a description of a corre-

sponding block or detail or feature of a corresponding device. Some or all of the method 

steps may be performed by a hardware device (or while using a hardware device) such as 

a microprocessor, a programmable computer or an electronic circuit, for example. In some 35 
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embodiments, some or several of the most important method steps may be performed by 

such a device. 

 

Depending on specific implementation requirements, embodiments of the invention may be 

implemented in hardware or in software. Implementation may be effected while using a 5 

digital storage medium, for example a floppy disc, a DVD, a Blu-ray disc, a CD, a ROM, a 

PROM, an EPROM, an EEPROM or a FLASH memory, a hard disc or any other magnetic 

or optical memory which has electronically readable control signals stored thereon which 

may cooperate, or cooperate, with a programmable computer system such that the respec-

tive method is performed. This is why the digital storage medium may be computer-reada-10 

ble. 

 

Some embodiments in accordance with the invention thus comprise a data carrier which 

comprises electronically readable control signals that are capable of cooperating with a pro-

grammable computer system such that any of the methods described herein is performed. 15 

 

Generally, embodiments of the present invention may be implemented as a computer pro-

gram product having a program code, the program code being effective to perform any of 

the methods when the computer program product runs on a computer. 

 20 

The program code may also be stored on a machine-readable carrier, for example. 

 

Other embodiments include the computer program for performing any of the methods de-

scribed herein, said computer program being stored on a machine-readable carrier. 

 25 

In other words, an embodiment of the inventive method thus is a computer program which 

has a program code for performing any of the methods described herein, when the com-

puter program runs on a computer. 

 

A further embodiment of the inventive methods thus is a data carrier (or a digital storage 30 

medium or a computer-readable medium) on which the computer program for performing 

any of the methods described herein is recorded. The data carrier, the digital storage me-

dium or the computer-readable medium are typically concrete and/or non-transitory and/or 

non-transient. 

 35 
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A further embodiment of the inventive method thus is a data stream or a sequence of signals 

representing the computer program for performing any of the methods described herein. 

The data stream or the sequence of signals may be configured, for example, to be trans-

ferred via a data communication link, for example via the internet. 

 5 

A further embodiment includes a processing means, for example a computer or a program-

mable logic device, configured or adapted to perform any of the methods described herein. 

 

A further embodiment includes a computer on which the computer program for performing 

any of the methods described herein is installed. 10 

 

A further embodiment in accordance with the invention includes a device or a system con-

figured to transmit a computer program for performing at least one of the methods described 

herein to a receiver. Transmission may be electronic or optical, for example. The receiver 

may be a computer, a mobile device, a memory device or a similar device, for example. The 15 

device or the system may include a file server for transmitting the computer program to the 

receiver, for example. 

 

In some embodiments, a programmable logic device (for example, a field-programmable 

gate array, an FPGA) may be used for performing some or all of the functionalities of the 20 

methods described herein. In some embodiments, a field-programmable gate array may 

cooperate with a microprocessor to perform any of the methods described herein. Gener-

ally, the methods are performed, in some embodiments, by any hardware device. Said hard-

ware device may be any universally applicable hardware such as a computer processor 

(CPU) or may be a hardware specific to the method, such as an ASIC. 25 

 

The devices described herein may be implemented, e.g., while using a hardware apparatus 

or while using a computer or while using a combination of a hardware apparatus and a 

computer.  

 30 

The devices described herein or any components of the devices described herein may be 

implemented, at least partly, in hardware or in software (computer program).  

 

The methods described herein may be implemented, e.g., while using a hardware appa-

ratus or while using a computer or while using a combination of a hardware apparatus and 35 

a computer.  
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The methods described herein or any components of the devices described herein may be 

implemented, at least partly, by hardware or by software.  

 

The above-described embodiments merely represent an illustration of the principles of the 5 

present invention. It is understood that other persons skilled in the art will appreciate any 

modifications and variations of the arrangements and details described herein. This is why 

the invention is intended to be limited only by the scope of the following claims rather than 

by the specific details that have been presented herein by means of the description and the 

discussion of the embodiments. 10 
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Claims 

 

1.  Device (100) for acoustic monitoring of a monitoring area (110), comprising: 

 

a first sensor system (120) comprising a first acoustic sensor (122), a first processor 5 

(124), and first transmission means (126), which system may be mounted at a first 

location (1291-129n) of the monitoring area (110); 

 

a second sensor system (130) comprising a second acoustic sensor (132), a second 

processor (134), and second transmission means (136), which system may be 10 

mounted at a second location (1391, 1392) of the monitoring area (110) that is differ-

ent from the first location (1291-129n), 

 

wherein the first processor (124) is configured to classify a first audio signal (142, 

142a, 142b) detected by the first acoustic sensor (122) so as to obtain a first classi-15 

fication result (1281-128n), 

 

wherein the second processor (134) is configured to classify a second audio signal 

(144, 144a, 144b) detected by the second acoustic sensor (132) so as to obtain a 

second classification result (1381, 1382), 20 

 

wherein the first transmission means (126) is configured to transmit the first classi-

fication result (1281-128n) to a central evaluation means (150),  

 

wherein the second transmission means (136) is configured to transmit the second 25 

classification result (1381, 1382) to the central evaluation means (150), 

 

the central evaluation means (150), the central evaluation means (150) being con-

figured to receive the first classification result (1281-128n) and to receive the second 

classification result (1381, 1382), and to generate a monitoring output (152) for the 30 

monitoring area (110) as a function of the first classification result (1281-128n) and 

the second classification result (1381, 1382). 

 

2. Device (100) as claimed in claim 1, wherein the first acoustic sensor (122) is config-

ured to measure a first level of the first audio signal (142, 142a, 142b); and 35 

 



 

 

- 42 - 

wherein the first transmission means (126) is configured to transmit the first level to 

the central evaluation means (150). 

 

3.  Device (100) as claimed in claim 2,  

 5 

wherein the second acoustic sensor (132) is configured to measure a second level 

of the second audio signal (144, 144a, 144b); 

 

wherein the second transmission means (136) is configured to transmit the second 

level to the central evaluation means (150); and 10 

 

wherein the central evaluation means (150) is configured, when the first classifica-

tion result (1281-128n) matches the second classification result (1381, 1382), to spa-

tially locate a source (140, 140a, 140b, 140c, 140d, 129) of the first audio signal 

(142, 142a, 142b) and of the second audio signal (144, 144a, 144b) in the monitoring 15 

area (110) as a function of the first level and of the second level while using infor-

mation about the first location (1291-129n) and information about the second loca-

tion. 

 

4.  Device (100) as claimed in claim 2 or claim 3, wherein the central evaluation means 20 

(150) is configured, when an upper limit value is exceeded by the first level, to indi-

cate this exceeding in the monitoring output (152). 

 

5.  Device (100) as claimed in any of claims 1 to 4, wherein the first audio signal (142, 

142a, 142b) detected by the first acoustic sensor (122) is a superposition of at least 25 

two sound events (140, 140a, 140b, 140c, 140d); and 

 

wherein the first processor (124) is configured to apply a source separation algorithm 

to the first audio signal (142, 142a, 142b) to classify the at least two sound events 

(140, 140a, 140b, 140c, 140d) or to obtain a first source signal and a second source 30 

signal which represent the at least two sound events (140, 140a, 140b, 140c, 140d) 

so as to classify the first source signal and the second source signal. 

 

6. Device (100) as claimed in any of claims 1 to 5, wherein the first classification result 

(1281-128n) and the second classification result (1381, 1382) are configured to indi-35 

cate used appliances in the monitoring area (110), activities in the monitoring area 
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(110), volume levels in the monitoring area (110), phases of a process in the moni-

toring area (110), or a match of at least a portion of the first audio signal (142, 142a, 

142b) or of the second audio signal (144, 144a, 144b) with a predetermined classi-

fication result. 

 5 

7.  Device (100) as claimed in any of claims 1 to 6, wherein the first processor (124) is 

configured to convert the first audio signal (142, 142a, 142b) detected by the first 

acoustic sensor (122) to a time/frequency representation; and 

 

wherein the first processor (124) is configured to classify the first audio signal (142, 10 

142a, 142b) while using the time/frequency representation so as to obtain a first 

classification result (1281-128n). 

 

8.  Device (100) as claimed in any of claims 1 to 7, wherein the first transmission means 

(126) is configured to transmit the first classification result (1281-128n) comprising 15 

first local (129, 1291-129n) or temporal (127, 1271-127n) information to the central 

evaluation means (150); and 

 

wherein the central evaluation means (150) is configured to generate the first clas-

sification result (1281-128n) in conjunction with the first local (129, 1291-129n) and 20 

temporal (127, 1271-127n) information as a monitoring output (152) for the monitor-

ing area (110). 

 

9.  Device (100) as claimed in claim 8, wherein the central evaluation means (150) com-

prises: 25 

 

a memory (154) for storing a predetermined process sequence comprising a series 

of activities in the monitoring area (110), 

 

a processor (156) for arranging the first classification result (1281-128n) and the sec-30 

ond classification result (1381, 1382) in an order (152) defined by spatial (129, 1291-

129n, 1391, 1392) or temporal (127, 1271-127n) information about the first sensor 

system (120) or the second sensor system (130), wherein the first classification re-

sult (1281-128n) and the second classification result (1381, 1382) indicate the activi-

ties in the monitoring area (110); 35 
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for comparing the predetermined process schedule plan with the arranged first and 

second classification results (1381, 1382); and 

 

for generating a monitoring output (152) as a function of a result of the comparison. 

 5 

10.  Device (100) as claimed in claim 9, wherein the monitoring output (152) indicates a 

difference between the predetermined process schedule plan and the arranged first 

and second classification results (1281-128n, 1381, 1382). 

 

11. Device (100) as claimed in any of claims 1 to 10, wherein the first sensor system 10 

(120) or the second sensor system (130) is configured to continuously detect a first 

audio signal (142, 142a, 142b) by using the first acoustic sensor (122) so as to clas-

sify the first audio signal (142, 142a, 142b) in the first processor (124) within a first 

maximum time period, said first maximum time period being shorter than five sec-

onds, and wherein the first transmission means (126) is configured to transmit the 15 

first classification result (1281-128n) to the central evaluation means (150) within a 

second maximum time period, said second maximum time period being shorter than 

five seconds. 

 

12.  Device (100) as claimed in any of claims 1 to 11, wherein the first transmission 20 

means (126), the second transmission means (136) and the central evaluation 

means (150) are configured to wirelessly communicate with each other in accord-

ance with a mobile radio protocol. 

 

13.  Device (100) as claimed in any of claims 1 to 12, wherein the first sensor system 25 

(120) is configured to obtain the first classification result (1281-128n) at a first point 

in time and at a second point in time by means of the first processor (124) and to 

transmit it to the central evaluation means (150) by means of the first transmission 

means (126); and 

 30 

wherein the central evaluation means (150) is configured to order and indicate the 

first classification result (1281-128n) of the first point in time (1271-127n) and the first 

classification result (1281-128n) of the second point in time (1271-127n) as a function 

of the first point in time (1271-127n) or of the second point in time (1271-127n). 

 35 
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14. Device (100) as claimed in any of claims 1 to 13, wherein the first classification result 

(1281-128n) or the second classification result (1381, 1382) is a classification result 

(128) for a construction site event, the construction site event being formed as a 

group comprising a tool noise, a hammering noise, a sawing noise, a drilling noise, 

a pneumatic hammering noise, a measuring device noise, a machine noise, a bur-5 

den chain noise, a concrete mixing noise, a concrete casting noise, an excavator 

noise, a roller noise, a material unloading noise, a tear-down noise or a scaffolding 

noise. 

 

15.  Device (100) as claimed in any of claims 1 to 14, wherein the first acoustic sensor 10 

(122) is configured to detect the first audio signal (142, 142a, 142b); 

 

wherein the first acoustic sensor (122) is configured to measure a first level of the 

first audio signal (142, 142a, 142b); and 

 15 

wherein the first acoustic sensor (122) is configured to switch the first processor 

(124) or the first transmission means (126) from a sleep mode to an operating mode 

only when a lower limit value for the first level is exceeded, and 

 

wherein the first processor (124) is configured to determine the first classification 20 

result (1281-128n) or the second classification result (1381, 1382) only in the operat-

ing mode, or 

 

wherein the first transmission means (126) is configured to perform transmission 

only in the operating mode, and 25 

 

wherein the first transmission means (126) or the first processor (124) are configured 

to consume less power in the sleep mode than in the operating mode. 

 

16.  Device (100) as claimed in any of claims 1 to 15, wherein the first acoustic sensor 30 

(122) is configured to detect the first audio signal (142, 142a, 142b); 

 

wherein the first acoustic sensor (122) is configured to measure a first level of the 

first audio signal (142, 142a, 142b); and 

 35 
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wherein the first acoustic sensor (122) is configured to set the first processor (124) 

or the first transmission means (126) so that the first classification result (1281-128n) 

will be determined by the first processor (124) and be transmitted to the central eval-

uation means (150) by means of the first transmission means (126) if the first level 

is higher than a lower limit value, and so that no first classification result (1281-128n) 5 

will be determined by the first processor (124) and be transmitted to the central eval-

uation means (150) by means of the first transmission means (126) if the first level 

is lower than or equal to the lower limit value. 

 

17.  Device (100) as claimed in any of claims 1 to 16, wherein the first sensor system 10 

(120) or the second sensor system (130) is battery- or accumulator-operated. 

 

18.  Device (100) as claimed in any of claims 1 to 17, wherein the first transmission 

means (126) is configured to transmit to the central evaluation means (150) an iden-

tification of the first sensor system (120)  together with the first classification result 15 

(1281-128n); 

 

wherein the second transmission means (136) is configured to transmit to the central 

evaluation means (150) an identification of the second sensor system (130) together 

with the second classification result (1381, 1382); 20 

 

wherein the central evaluation means (150) comprises a memory (154), the memory 

comprising an association of the identification of the first sensor system (120) with 

the first location (1291-129n) and an association of the identification of the second 

sensor system (130) with the second location (1391, 1392); 25 

 

wherein the central evaluation means (150) is configured to determine the first loca-

tion (1291-129n) on the basis of the identification of the first sensor system (120) from 

the memory and to determine the second location (1391, 1392) on the basis of the 

identification of the second sensor system (130) from the memory; and 30 

 

wherein the central evaluation means (150) is configured to spatially locate, in the 

monitoring region (110), a first source region (I, II, III, IV, V, VI) of the first audio 

signal (142, 142a, 142b) and a second source region (I, II, III, IV, V, VI) of the second 
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audio signal (144, 144a, 144b) on the basis of the first location (1291-129n), the sec-

ond location (1391, 1392), the first classification result (1281-128n) or the second 

classification result (1381, 1382). 

 

19.  Device (100) as claimed in any of claims 1 to 18, wherein the first transmission 5 

means (126) is configured to transmit only the first classification result (1281-128n) 

or a processed first audio signal (142, 142a, 142b) to the central evaluation means 

(150); and 

 

wherein the second transmission means (136) is configured to transmit only the sec-10 

ond classification result (1381, 1382) or a processed second audio signal (144, 144a, 

144b) to the central evaluation means (150). 

 

20.  Device (100) as claimed in any of claims 1 to 19, wherein the first transmission 

means (126) is configured to transmit a first signal to the central evaluation means 15 

(150) only if the first classification result (1281-128n) matches a first predetermined 

classification result; 

 

wherein the second transmission means (136) is configured to transmit a second 

signal to the central evaluation means (150) only if the second classification result 20 

(1381, 1382) matches a second predetermined classification result; and 

 

wherein the central evaluation means (150) is configured to count, on the basis of 

the first signal, how many times, per time interval, the first sensor system (120) has 

determined the first predetermined classification result, or to count, on the basis of 25 

the second signal, how many times, per time interval, the second sensor system 

(130) has determined the second predetermined classification result. 

 

21. Device (100) as claimed in claim 20, wherein the first predetermined classification 

result and the second predetermined classification result is a classification result 30 

(128) for a vehicle; 

 

wherein the monitoring area (110) is a road, a road network or a rail network; 

 

wherein the first sensor system (120) or the second sensor system (130) may be 35 

mounted to roads or rails,  
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wherein the central evaluation means (150) is configured to provide capacity utiliza-

tion of the monitoring area (110) per location (129, 1291-129n, 1391, 1392) or per 

group of locations (129, 1291-129n, 1391, 1392). 

 5 

22.  Device (100) as claimed in any of claims 1 to 21, wherein the monitoring area (110) 

is a construction site, a factory building with machines, a machine, or an inhabited 

place or part of an inhabited place. 

 

23.  Method (200) of acoustic monitoring of a monitoring area (110), comprising the fol-10 

lowing steps: 

 

mounting (210) a first sensor system (120) comprising a first acoustic sensor (122), 

a first processor (124) and first transmission means (126) at a first location (1291-

129n) of the monitoring area (110); 15 

 

mounting (220) a second sensor system (130) comprising a second acoustic sensor 

(132), a second processor (134) and second transmission means (136) at a second 

location of the monitoring area (110), which is different from the first location (1291-

129n), 20 

 

classifying (230) a first audio signal (142, 142a, 142b) detected by the first acoustic 

sensor (122) by using the first processor (124) to obtain a first classification result 

(1281-128n); 

 25 

classifying (240) a second audio signal (144, 144a, 144b) detected by the second 

acoustic sensor (132) by using the second processor (134) to obtain a second clas-

sification result (1381, 1382); 

 

transmitting (250) the first classification result (1281-128n) to a central evaluation 30 

means (150) on the part of the first transmission means (126);  

 

transmitting (260) the second classification result (1381, 1382) to the central evalua-

tion means (150) on the part of the second transmission means (136); 

 35 
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receiving (270) the first classification result (1281-128n) and the second classification 

result (1381, 1382) on the part of central evaluation means (150); and 

 

generating (280) a monitoring output (152) for the monitoring area (110) as a func-

tion of the first classification result (1281-128n) and the second classification result 5 

(1381, 1382) on the part of the central evaluation means (150). 

 

24.  Computer program comprising a program code for performing the method (200) as 

claimed in claim 23, when the program runs on a computer. 

 10 

  

 




