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Abstract 
Similarly to Global Positioning System, location of material defects by acoustic emission method meets the 
geometrical dilution of precision (GDOP) phenomena. Besides the several attitudes how to mathematically 
express its measure and compare particular sensor configurations in accordance with desired location precision, 
recently proposed method brings extended possibilities for detection of critical regions characterized by strong 
sensitivity of location results to signal arrival time changes or errors. Analogically to GDOP parameter it yields 
the sensitivity map available even for non-continuous or anisotropic materials. During the computation it uses 
the algorithm for finding the shortest ways in discretely defined bodies, which furthermore enables to view the 
problem through the so-called similarity and ambiguity maps. 
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1. Introduction 
To ensure reliable acoustic emission (AE) source location results in particular structure part, it 
is needed to choose proper configuration of sensors or, conversely, to take into account only 
AE events coming from “stable” region defined by sensor placement. Similar problem is 
solved also in the field of satellite navigation. In order to predict the accuracy of a location 
result, the geometry of the setup (i.e. the known position of satellites and the estimated 
position of GPS signal receiver) is exploited. The dimensionless parameter modeling expected 
location accuracy is called Geometric Dilution of Precision (GDOP) [1, 2]. The idea is to 
state how the errors in the measurement will affect the final location estimation. If small 
changes in the measured data (time-differences) not result in large changes in output location, 
the solution is not too much sensitive to measurement errors.   

                                                                                                                                                  (1) 

In general the GDOP solely depends on the arrangement of the sensors and the emitter 
position. It serves as a measure for the magnification of location errors deriving from 
perturbations in the times of arrival. Naturally, it is not recommended to locate sources 
outside the convex hull of the sensor array - this corresponds to performing locations in areas 
of great GDOP values. 
Another indicator of expected location precision is the Location Uncertainty (LUCY) 
parameter [3]. It describes how well a calculated source position fits with the measured 
arrival time differences and can be used as a filter criterion to separate the sources with poor 
location accuracy. 
All above mentioned approaches are theoretically ready to be applied for cases of general 
material shapes, however their real usage is mostly restricted by essential knowledge of 
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shortest (direct) path between the source and sensors. Following chapters deal with the 
solution for discretely defined bodies.    

2. Shortest ways finding in discrete bodies 
For reliable results of AE source location it is needed to trace elastic wave while propagating 
from initiation point to sensor and estimate the distance between them. The choice of most 
suitable method for solving the problem depends largely on the kind or form of the body 
shape definition. It can be given as a photograph, as 2D or 3D computer sketch, otherwise as 
a mathematical model etc.    

The new method of shortest ways finding is further generalization of graph theory using 
Dijkstra's [4] algorithm and can be considered as a basic model of the direction of wave 
propagation. It can be regarded as a simple to implement alternative suitable for discrete 
bodies derived from 2D or 3D bitmap pictures [5]. This method enables tracing of elastic 
waves propagating in structures of complicated shapes without mathematical models and also 
considering the anisotropy. It is inspired by Huygens' principle: each point on an advancing 
wave front may be considered to be a new point source generating spherical Huygens' 
wavelets. Such approach enables also collecting of sufficient amount of representative data 
for AE source location algorithms based on database searching or artificial neural networks.  

Having the tool for general finding the distances in incoherent bodies, it is possible to show the 
aspects of particular configurations of sensors in accordance with the sensitivity of location results 
to the changes of arrival-time-differences together with their possible variability and ambiguity.       

3. Sensitivity maps  
Analogically to GDOP, let’s define location sensitivity parameter SM for any pixel XA and its 
neighborhood NA in discretely defined body with four placed sensors. The scheme in the right 
part of the fig.1 shows the detail view of structure part: 
 
 
 
 
 
 
 

Fig.1: Definition of sensitivity parameter SM. 

After computation of SM parameter for all body pixels, it is possible to show the resulting sensitivity 
map. Higher values predict possible good location precision, while the poor is shown by small 
numbers caused by significantly wider variance of AE source coordinates compared to variance of 
corresponding time-differences.  Following figure illustrates the case of typical three sensor 
configuration. Problematic areas “behind the sensors” characterized by small levels of SM (red 
regions) are as expected: 
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Fig.2: Sensitivity map for 2D coherent plate with 3 sensors. 

More interesting results are obtained in case of some holes in material. Convex hull of 
the three sensor array includes several bad areas right beside the good ones (see fig.3). To fix 
the situation, to add the fourth sensor placed in the left upper corner of the plate is 
recommended.   
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3: Sensitivity map for 2D incoherent plate with 3 sensors. 

4. Similarity of time-differences  
To illustrate how the time-differences vary within the complicated body, also the similarity 
map was assorted. Every color distinguishes the regions having in some small tolerance 
similar chronology of signal arrivals to sensors. Large regions detect problematic areas and 
vice versa.   
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Fig.4: Similarity map for 2D incoherent plate with 3 sensors. 

5. Location ambiguity maps 

Another point of view to location problem aspects can be illustrated as finding a crossing of 
the two hyperboles – the sets of points in 2D having the same time-difference corresponding 
to selected two sensors. It is clear, that 2D location of AE sources using 3 transducers is not 
unambiguous [6]. Left part of fig.5 illustrates the problem that there can exist two different 
source locations inducing the same time-differences. Naturally, the number of such couples of 
points is not limited.  
The right part of fig.5 shows the areas of unambiguous locations for this particular sensor 
configuration. Any AE source in dark gray area has the same time differences as 
corresponding source in light gray area and vice versa. The problem is usually solved by 
adding the fourth sensor, while the area of unambiguous locations is theoretically reduced to 
insular points. 
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Fig.5: 2-D AE sources location ambiguity. 

The location ambiguity is generally caused by the insufficient number of sensors. As the 
useful tool for finding an adequate setup can be considered the ambiguity map as well. For all 
body pixels it shows whether there exists another mass point with similar time-differences. 
If yes, corresponding value of the map is the mean distance of such points in X-Y-coordinate 
system. Fig.6 shows such ambiguity map for the same configuration as in case of figures 3 
and 4.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.6: Ambiguity map for 2D incoherent plate with 3 sensors. 
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6. Conclusions 

By the application of algorithm for finding the distances in general incoherent bodies, the 
mapping of problematic regions in AE source location is enabled. For particular 
configurations of sensors it is possible to analyze the location capability of the setup by means 
of sensitivity, similarity and ambiguity maps.      
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