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Background Condition Monitoring

Condition monitoring involves the continuous assessment 
of the condition of a plant or machinery while it is running, 
with the goal of detecting errors or flaws in the equipment 
before failure occurs. With acoustic condition monitoring 
a machine running in a healthy condition has a known and 
stable noise spectrum. If this spectrum deviates from one or 
several predefined healthy states, this may be an indication of 
potential errors in the machine. 

By using microphone arrays it is possible to single out a 
specific listening direction, or several listening directions 
simultaneously while attenuating surrounding noise. This in 
turn makes it possible to listen to several specific parts of the 
machinery with one microphone array, which can be placed 
at an appropriate distance from the machinery in question. 
Acoustic condition monitoring with microphone arrays in noisy 
locations, such as plants and factory environments, has a 
potential to become a powerful monitoring and diagnostic tool. 

Array processing algorithms combined with classification 
strategies and machine learning is still not fully explored field 
and new insights on how to optimally combine these for robust 
condition monitoring are needed.

Condition Monitoring project A: 
Beamforming strategies for event classification
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Combining signals from several microphones in signal 
processing in order to provide a common output that spatially 
filters out noise, is often referred to as beamforming. The 
best known and most applied beamformer is called Delay-
And-Sum (DAS) beamformer. The DAS algorithm is a robust, 
quick and easy algorithm to implement, however it comes at 
a cost of poor spatial resolution compared to more advanced 
processing algorithms, for example adaptive beamformers. 
This is especially true for the case of finite array size (aperture) 
and for the lower frequency range. 

In most practical applications it is desirable to keep the aperture 
size as small as possible, at the same time as achieving the best 
possible resolution. These two requirements are contradictory 
to each other, but there are certain algorithms that can provide 
suitable trade offs. When it comes to condition monitoring, 
there are no clear metrics for which requirements we need to 
impose on a beamformer which is to be used for classification 
purposes, and these trade offs are therefore difficult to find. 

In this project we wish to gain some insights into the relation 
between the beamformer performance and the performance of 
a selected classifier. We wish to explore this in the context of 
condition monitoring limited to a few representative monitoring 
and diagnostics scenarios and for a selection of representative 
fixed and adaptive beamformers.  

We aim at developing an evaluation model in terms of standard 
beamformer metrics such as resolution, directivity, white noise 
gain, aperture size, etc.; in hope to be able to prescribe the 
“optimal” array-beamformer combination for a given classifier. 
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Proof of concept

Condition Monitoring project B:
Classification strategies for condition monitoring

Keywords: Classification, Training Classifiers, Data Collection

Given a signal processed by a beamformer as the input to 
a classification framework, we are interested in knowing 
whether the beamformed input constitutes a healthy machine, 
or indicates a flaw or fault in the equipment. For a variety 
of condition monitoring scenarios, we need to find the 
classification criteria and to investigate if there is a common 
suitable approach for a broad range of problems. 

To mention some options which may be evaluated: supervised 
classification where the classifier is trained offline on samples 
representing both healthy and not healthy equipment, and 
unsupervised classification where the deviations from the 
normal situation are detected in real-time (online). The goal 
of this project is to develop a robust classifier for condition 
monitoring applications and a part of the task will be to gather 
data and build a suitable data base for evaluation and training 
purposes. 
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Spatial Audio Background
 
Spatial audio in 360-degree is becoming more common in 
Virtual Reality 360-degree videos. The goal is to provide 
lifelike audio and an enhanced spatial listening experience that 
matches the development in 3D video recording and viewing.
 
In order to provide real sound in 360-degrees, the recording 
and replay of the audio scene has to be done in a multi channel 
format. Sound is typically recorded in several spatial positions 
and the spatial experience in replay is achieved by special 
mixing techniques and sometimes by special loudspeaker 
layouts.
 
There are a few established procedures for recording and 
replay of spatial sound, such as surround and Ambisonics. 
Surround formats require special layout for both recording 
microphones and replay speakers (number, placement, 
response), while Ambisonics is decoupled from the replay 
loudspeakers but requires special microphones. Unlike 
standard surround formats we wish to introduce more flexibility 
into our recording approach. We wish to take inspiration in the 
Ambisonics approach, without necessarily applying it directly 
to our case. In particular, we wish to investigate alternative 
recording approaches using microphone arrays that can vary 
in shape and size.  
 
For introduction to Ambisonics see https://en.wikipedia.org/
wiki/Ambisonics 

Spatial Audio project A:
Binaural rendering of vision steered 3D sound 
for virtual reality applications
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In an application where a 360deg camera is available for 
vision-steered beamforming we wish to capture sound field 
with a suitable microphone array and represent the output 
similarly to how a human head perceives the same sound field.
 
The challenge in doing this is to find a suitable array-geometry 
and beamformer combination by taking into the account 
following aspects: processing requirements, the necessary 
spatial resolution of the beamformer, mixing techniques of 
the beamformed sound for lifelike binaural rendering of 3D 
sound field, compensation techniques for near field vs. far 
field processing and the moving sources issues, and other 
unforeseen challenges.


