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Introduction

• Non-Destructive Techniques (NDT).
– Detection, evaluation and locating cracks
– Impact source identification

• Fuzzy logic : NDT applications
• Mamdani Fuzzy Inference System (FIS) 

using the Fuzzy Logic Toolbox. 



Introduction

• A ceramic plate with 16 sections 
• Generate waveforms analysis. 
• FIS is used to identify Impact Source. 
• RMS values, Mean, Median, Mode, Peak 

Value & FFT value. 
• These outputs are inputs to FIS.
• Procedure to get output is discussed. 



Test System Description and 
Methodology

• Problem to determine  source of impact.
• Constraints:

– An electric impact hammer.
– The device hit the impacted surface. 
– Variable:  material used for (Steel and Delrin®.)



Test System Description and 
Methodology

• Different impacting materials will generate 
different impact acoustic waves. 

• The variables like  RMS, mean, median, 
mode, peak value and FFT value used as 
parameters to differentiate input.



Fuzzy Impact Source Identification 
Approach on Real Time System 

Fig. 1: Test System Circuit: Two Sensor Arrangement of the ceramic plate
(courtesy of [1])



Test System Description and 
Methodology

START

Consider two files for both 
Sensor A and B

Using software, find out RMS, Mean, Median, Mode, 
Peak Value and FFT

Make Fuzzy Model 

Remove unchanged inputs 

1st Approach: Mean, Median, Mode, Peak value, 
FFT as Inputs

Calculate Output using “EVALFIS”

END

DAS generates Waveform

Hit the Ceramic Plate 

Convert DAS output file into text file

2nd approach: reduce inputs

Fig. 2: Flowchart for Impact Source identification



Test System Description and 
Methodology

The impact source identification method:
• Consider two sensor arrangements 
• Hit the surface with 1 of 2 defined source. 
• DAS acquires waveforms 2 waveforms from 

sensors A and B, respectively.
• Obtain RMS value, Mean, Median, Mode, 

Peak value & FFT value from data.
• Define fuzzy model using Mamdani type FIS.



Test System Description and 
Methodology

Fig.3 Sample waveforms obtained after creating Impact from Delrin® on left 
and Steel on right on section(0,2) 



Table 2:  Range Defined for Inputs



Fuzzy Impact Source Identification 
Approach on Real Time System 

• Real time parameters: RMS value, Peak 
value, Median, Mode and FFT value. 

• Unique 5 FIS parameters:  Location Index, 
Arms, Amax, Brms & Bmax

• The parameters ranges in Table 2. 
• FIS output value around 0.25 corresponds 

to Delrin® & 0.75 to Steel



Fuzzy Impact Source Identification 
Approach on Real Time System

Fig. 4 Fuzzy Inference System: (a) five Inputs, (b) Output membership function



Fuzzy Impact Source Identification 
Approach on Real Time System

Fig. 4 Fuzzy Inference System: (c, d) Input membership function



Fuzzy Impact Source Identification 
Approach on Real Time System

Fig. 4 Fuzzy Inference System: (e) Rule Editor, (f) Rule Viewer



Appendix Table 1:  Data File for 
captured Impact Waveforms



Conclusion
• The Fuzzy Logic for impact source identification.  
• Software implementation.
• Experiment on limited data 
• FIS  identifies Steel or Delrin® sources of 

impact.
• Future work will involve more data & 

identification of more impact sources.  
• Approach suggested here will lead to more 

reliable techniques.
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