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ABSTRACT

The analysis of AE data is more complex compared to traditional forms of data acquisition. In addition
to the presentation of measurement values against time, as one expects in any basic data acquisition
system, AE analysis software is usually expected to perform extensive data processing, for example:
• Statistical distributions of AE signals according to AE features and/or external load parameters,
• Calculating the source location of each event based on the measured arrival time differences and the

geometry of the structure under test,
• Automated cluster analysis emphasizing the places of high location density and more.
The capabilities stated above are basic features found in today's AE systems and frequently used. In
addition to basic system capabilities, AE users desire a series of advanced tools. This paper describes
some of the new tools that have been implemented in the VisualAE™ software package. These tools
utilize extensively the graphical representation possibilities offered by the 32-bit Windows® software
platform.

Tools for Checking Sensor Coupling

Normally, before an AE test begins, the coupling between the sensors and the test structure is checked.
Even though the auto-calibration feature of modern AE-systems is extensively in use today, it cannot
replace the pencil-lead break calibration method that can be performed at any desired position of a test
object. A pencil-lead break of known diameter and hardness produces an AE signal with sufficiently
repeatable amplitude. It is usually best to read and judge these amplitudes in a listing. Unfortunately,
additional unwanted signals are often produced from the pencil-lead breaks due to various reasons
including the impact of the pencil-lead fragment with the surface, reflections and more. In many cases
the number of unwanted signals that arrive after the pencil break shift the lines containing the pencil
break signal out of the screen. One remedy is to use a higher threshold; however, this is inconvenient at
best.

The tools in VisualAE offer a more efficient approach:
1a) A scrollbar in the listing,
1b) Direct addressing of listing lines by clicking on points in amplitude-time diagrams,
1c) Analysis filters which are setup quickly.

A few examples follow:

1a) Scrollbar in Listing
Figure 1 shows a screen with various diagrams and a listing window. With the vertical scrollbar on the
right edge, the user can view the AE data with similar ease to the text in a word-processor (like MS-
Word). Both upward and downward commands make it easy to display the desired listing line.

With the horizontal scrollbar, the area of the listing that is being displayed can be shifted sideways. This
helps with data presentation when there are more desired result columns than fit onto one screen area.
The user can position the display window to the currently desired columns, without disturbing
simultaneously running data acquisition.
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1b) Direct Addressing of Listing Lines
With a double click on an amplitude point within a correlation plot (or on a location point in a location
plot), the user also positions the listing window on the selected line.

When waveforms were also recorded and a TR-diagram is present, the waveform diagram is also
updated to the TR-data corresponding to the selected point. This allows for immediate visualization of
the maximum amount of information from any selected data set.

Fig. 1:  Listing with scrollbars. Diagram with identifying inset windows.

Figure 1 shows data from a pencil-lead break. In the location diagram (below left) a point was selected
with a double-click as the arrow in the small inset window shows. The data corresponding to the
selected event has been automatically identified in other display areas with small inset windows. The
mouse-click has also highlighted the line on the listing and brought the corresponding waveform and
FFT from the first hit channel of the event into the TR-diagram display. With the forward and backward
arrow symbols in the waveform diagram, one has a simple means to view the other channels in the
event. The data acquisition can be running simultaneously to this analysis without any disturbance from
on-screen manipulations. This makes possible both fast selection and visualization of data from any
pencil-lead break.
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1c) Analysis Filters
During breaking pencil leads, one can often produce many unwanted signals with smaller amplitude. For
coupling checks, these signals need to be skipped quickly. VisualAE provides fast and easy means to
insert, modify or remove a filter from within the analysis path.

Figure 2 shows a structure menu for a normal analysis process. An additional filter processor for A > 80
dB has been prepared in the file TEST.PRI. There is, however, no element (diagrams, listings) attached
to this filter, means the filter is not used. The location processor (Lc1...) has four elements (three
diagrams and a listing) attached.

If one wants now to only locate data that passes through the filter A>80 dB, one can simply drag the
location processor with the mouse and drop it under the filter processor. The structure menu will be
modified as shown in Fig. 3.

Location Analyzer - a Tool for Verifying Calculated Location

The location calculation is increasingly important. The significant and numerous uses include:
A) Recognition of signals from known and locatable noise sources. These signals should be

eliminated from the data sets without being mistakenly assigned to potential failure processes.
B) The location calculation shows the general area of suspected defects for focused, cost-effective

follow-up NDT search.
C) From the measured amplitude and determined distance between the sensor and the source, an

amplitude correction can be calculated, which indicates the source amplitude before propagation.
This higher, corrected value is already a part of the standard prEN13445-5 Appendix E.

To gain the most possible information from location analysis, it is necessary to understand why and
where errors in location analysis occur and potentially eliminate them.

Fig. 2: Structure menu where filter (FL1) has no
attached elements

Fig. 3: Structure menu after moving location processor
behind filter (FL1)



268

The correct settings and interpretation for location calculation requires experience. Without experience,
it is difficult to tell which combinations of arrival times are at all plausible. The wave propagation
starting from the source on its way to the sensor may be influenced by many different factors: pipe inlets
and outlets, welded areas on the structure, and propagation through fluid within the test object, as well as
many others. It is very difficult to judge how strongly such influences alter location results.

An understanding on how the various influences actually effect location results is highly desirable to a
user. A user-friendly tool, with which the operator can quickly check location results is needed. This
tool should use real data recorded from real structures and offer the possibility to manipulate values by
the user. One such tool, the Location Analyzer in VisualAE, is presented here.

Fig. 4: Location Analyzer from an analysis window with diverse diagrams and listings.

Figure 4 shows data from a cylindrical pressure vessel, 3.4 m in diameter. The AE sensors are found in 3
rings with 4 sensors per ring. The location analyzer (window in foreground) shows the hyperbolae for a
location after a mouse click. The location was selected by a double click on a location dot in the location
plot below right. This dot is now indicated by an inset window. Every hyperbola shows all the points on
the surface of the test object corresponding to a certain distance difference to two sensors. With isotropic
wave propagation, one finds the difference in distances between each sensor pair by multiplying the
arrival time difference by the sound velocity. The intersection of all three hyperbolae is the location
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result. The legend beneath the graph is color-coded to show which hyperbola belongs to which sensor
pair.

On the right side of the window of the location analyzer (Fig. 4), there is an entry point for different
sound speeds (velocity, at top) and for individual arrival time differences for every channel (below). The
time differences initially correspond to the measured values. The user can change these values and see
immediately how these modifications change the location results.

From three hit channels are three pairs of channels possible, and there can only be one intersection
within the sensor array. The selected event in Fig. 4 contains 6 hit-channels. Only the hyperbolae for the
combinations of sensors 7, 12 and 8 are shown because these have been checked in the menu (Fig. 4,
right above).

After checking channel 11 in that menu, the software shows the hyperbolae from four channels (7, 12, 8,
11), reproduced in Fig. 5. Four channels make six channel-pairs, hence Fig. 5 shows 6 hyperbolae. Here,
the hyperbolae do not show a single common intersection point. This happens, when the effective
velocity to at least one channel differs from the user-defined velocity that is used for location
calculation. The location result represents the position that gives the least squared Distance Difference.
The term Distance Difference is explained below. The RMS (root mean squared) value of all involved
Distance Differences is called LUCY (Location Uncertainty) and its numerical value is shown in the
legend, below of the location result.

Fig.  5: Location Analyzer showing hyperbolae from 4 hit channels.
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“Velocity: 316 cm/ms”, shown on top of the legend, defines the Used Velocity, the speed of sound the
software uses for location calculation and for determining the time of source. The “Calculated
Velocities” and “Distance Differences”, also shown in the legend, help the user interpret the uncertainty
of the source position. These values are based on the time of flight (TOF) between assumed source
location and sensor. The TOF is the difference between Time of Source (TOS) and Arrival Time (AT).
The AT is measured for the channel, the TOS results from first hit AT minus first hit sensor-source
distance divided by Used Velocity. “Calculated Velocity” means “source-to-sensor distance divided by
TOF”. “Distance Difference” means “source-to-sensor distance minus TOF x Used Velocity”. A
positive Distance Difference indicates that the shown result is too far away from the sensor, or, the hit
was triggered by a wave mode faster than Used Velocity, or, the wave reached the sensor over a shorter
path, e.g. through a liquid in the structure.

Fig. 6: Intersection point obtained by decreasing the time difference from Channel 11

The Location Analyzer lets the user play with alternative velocities and time differences to see how this
influences the location result and the plausibility indicators. In Fig. 6, for example, a common
intersection point is found, when the arrival time difference from channel 11 is reduced from 569.9 µs to
399.9 µs.
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Fig. 7:  Intersection point obtained by changing the velocity to 226 cm/s.

In Fig. 7, the velocity of 316 cm/ms is reduced to 226 cm/ms for all channels. This method also finds
one common intersection for the four hyperbolae.

The location analyzer is a helpful tool that quickly develops experience on effects of errors of velocity
used. At the same time, it helps to find out which location results are plausible and which are not. For
non-plausible results, the user can quickly determine what plausible arrival-time differences would be,
and whether this corresponds to certain conditions of the test object; e.g. a direct wave path through a
liquid instead of over the structure wall.

Another purpose of the Location Analyzer is to improve the understanding of the capabilities and limits
of today’s location algorithms, and to generate feedback for improvement and further development.


