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1. Introduction 

In our noncontact acoustic inspection1-4), a 
method to remotely detect and visualize internal 
defects of composite materials, such as concrete, has 
been studied using acoustic excitation and a scanning 
laser Doppler vibrometer. So far, the spatial spectral 
entropy4) (SSE) has been used to detect the resonance 
frequency band of internal defects in concrete. 
Acoustic defect images were obtained clearer by 
narrowing down the visualization frequency range to 
the resonance frequency range. 

From the experimental results for circular 
cavity or peeling defects inside the concrete, acoustic 
image of internal defect was tried to be visualized 
with a combination of vibrational energy ratio1-2), 
SSE (spatial spectral entropy), spectral entropy2-3), 
spectral flatness, or independently. 
 

2. Experimental setup and concrete wall specimen 

with a circular cavity defect 

Strong aerial plane waves are emitted from a 
long-range acoustic device (LRAD; LRAD corp., 
LRAD-300X) to the measurement surface about 5 m 
away and the surface are acoustically excited (Fig.1). 

 
Fig. 1  Experimental setup. 

A scanning laser Doppler vibrometer (Polytec, PSV-

500Xtra scanning vibrometer) are installed at a 

distance of about 7.7 m from the measurement 

surface, and the two-dimensional vibration velocity 

distribution on the measurement surface was 

measured. After time-frequency gate processing to 

reduce noise from surroundings, vibration velocity 

spectrum was calculated. Fig. 2 shows the shape and 

embedded depth of a circular cavity defect. 

 
Fig. 2  Shape and embedded depth of a circular 

cavity defect. 

3. Principles 

3.1 Spectral Entropy  

Spectral entropy is a feature that expresses the 

whiteness of a signal and is expressed as in Eq. (1). 

𝐻 = − ∑ 𝑃𝑓 𝑙𝑜𝑔2 𝑃𝑓

𝑓

, 𝑃𝑓 =
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        (1) 

In our noncontact acoustic inspection, the spectrum 

of each signal is regarded as a probability 

distribution and information entropy is calculated. 

3.2 Spatial Spectral Entropy (SSE)  

 

Fig. 3  Principle diagram of SSE. 

 

SSE can detect not only the resonance 
frequency of internal defects but also the resonance 
frequency of a laser head of SLDV. SSE4) is defined 
by the following equation. 
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Where 𝐻𝑆𝑆𝐸(𝑓) is spectral entropy extended to real 
space. 𝑆𝑖,𝑗(𝑓) is the frequency component of power 
spectrum of vibration velocity at each measurement 
point 𝑟𝑖,𝑗 . 𝑃𝑖,𝑗(𝑓)  is probability that 𝑆𝑖,𝑗(𝑓)  exists 
in the measured plane. Therefore, 𝐻𝑆𝑆𝐸(𝑓) indicates 
the information entropy calculated for the frequency 
f component of vibration velocity spectrum at all 
measured points.  

3.3 Spectral Flatness 
Spectral flatness is a measure used in digital 

signal processing to characterize the audio spectrum. 
It provides a way to quantify the degree to which it 
is more like a tone of sound than a noise-like sound. 
Spectral flatness is expressed by the following 
equation. 

𝑆𝑝𝑒𝑐𝑡𝑟𝑎𝑙 𝑓𝑙𝑎𝑡𝑛𝑒𝑠𝑠 =
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High spectral flatness indicates that spectrum has 
similar power in all spectral bands. Low spectral 
flatness indicates that spectral power is concentrated 
in a relatively small number of bands. 
 

4. Results 

The vibration velocity spectrum at each 
measurement point was calculated from the two-
dimensional vibration velocity distribution data for a 
circular cavity defect by noncontact acoustic 
inspection method. Acoustic image of internal defect 
was visualized by spectral entropy (Fig.4), or 
spectral flatness (Fig.5), or vibrational energy ratio 
to which SSE analysis was applied (Fig.6). The 
dotted circle near the center of each figure indicates 
the exact size of circular cavity defect and 
approximate location of it. The numerical value on 
the right side of a dot in each acoustic image 
indicates the measurement point number. 

Spectral entropy is an index for evaluating 
whiteness. On the other hand, spectral flatness is an 
index for evaluating tone signals and noise. As 
shown in Figures 4 and 5, in a circular cavity defect 
(diameter 200 mm, burial depth 60 mm), the position 
and existence of the defect can be detected by either 
spectral entropy or spectral flatness. 

Since the resonance frequency band due to an 
internal defect can be found by SSE analysis, the 
acoustic image of Fig. 6, visualized by narrowing the 
analysis frequency range to the resonance frequency 
range (4000-4250Hz), looks the best of the three. 
Compared to Fig. 4 and 5, the outline of a circular 
cavity defect is reproduced larger and more faithfully, 
and the gradation difference from the surrounding 
healthy part is large, so the defect image is clearly 
visualized. 

 
Fig. 4  Acoustic image using spectral entropy. 

 
Fig. 5  Acoustic image using spectral flatness. 

 
Fig. 6  Acoustic image by vibrational energy ratio 

applied SSE analysis. 

5. Conclusion 

As an index of automatically detecting 
resonance peaks from vibration velocity spectrums, 
spectral entropy or spectral flatness can be used well. 
Within these results, an excellent method is to detect 
a resonance frequency band by SSE analysis and 
visualize it with vibrational energy ratio calculated 
in an optimum frequency range. 
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