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Abstract

The raw images obtained in infrared Nestructive Testing (NDT) should be processed by image processing techniques to
improve the data usefulness. In this study, we attempted image ftessbngques to enhance the defect detection capability in
glass fiber reinforced composite (GFREample with 25 squared Teflon insertsf various sizes and located at different depths
were investigated by meansfofquency modulated thermal waweaging. . Present work highlights application of imagson
basedapproaches fathe defect detection using frequency modulated thermal excitation scheme and comparison haslbeen

on these proposed scheméth respect to SNRnprovementst eachdefect.
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1. Introduction

The basic principle of NDTis the energy imparted into the structure to assess (identification of defects,
voids, inclusion etc) the condition of the material. Based on methodaifaten, it was classified to several
categories viz. ultrasonic imaging, radiographic, or eddy current, acoustic emission, heat efrargy testing),
vibration etc.Infrared thermography has become a more popular nondestructive inspection method to evaluat
subsurface defects in metellinsulating, and composite materials , because ¢dstsnspection rate, noncontact ,
portability, and easy to interpret. Although several methods have been proposed in the literdieteet
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delamination defects in solid materials, three ofittege predominantly in use: Pulse Thermography (PT), lock in
Thermography (LT) and Pulse Phase Thermography (PPZ)). 2owever, none has so far been free fitenown
limitations: Pulse thermography(PT) requires high peak power heat sources anddrsitiye to surface
emissivity variations and nonuniform heating on the surface of test sample, lock in ThermogigEufférs with

limited depth resolution and long processing time(5,6), and Pulse Phase Thermography (PPTgheeekskhi
power heasources to detect deeper subsurface defects, which however may damage the surface of the test samr
In this paper ,glass fiber reinforced composite (GFR&nple with 25 squared Teflon insertsf various sizes and
located at different depths were @stigated by means &fequency modulated thermal wave imagiAgsuitable
processig method is to be applieder the captured thermogram sequence and subsurface information is extracted
In order to reveal subsurface features, the offset in temporaidhprofiles of each pixel is removed by a linear fit
and further processing has been carried over these mean removed profiles of each pixePinlséegampression
applied over mean removed profileg® provides better defect detectioBubsequentlyimage fusion techniques
were investigated and discussed, in order to improve defect detectability

1.1Thermal Image

A thermographic sequence is composed of several hundreds of thermograms. The sample under test
irradiated source of infrared radiatidhen the infrared thermal camera can record transmitted /reflected radiation.
The recorded thermal image provides information about the thehysical properties, defects and inhomogenities
inside the sample . The raw images (thermograms) obtaimedR@amera are not often giesact information
about defects and inhomogenities inside the sample due to high noise, which need to be processed.

1.2Principle of Pulse compression

The pulse compression approach was introduced for NDE in idfiasemography applications by Tuli.S
etal in 2005(8),which allows transmission of a low peak power and long duration modulated wagiveRhbetter
depth resolution capability and Signal to noise ratio comparable to short duration, high peateqgiovigues. Pulse
compression is achieved by taking cross correlation between two sequences at defective anctimenelgifins

1.3 Image Fusion Techniques:
Image fusion is the process of merging two images having diffeyatores The unfocusedegions in an image
never participate in the best quality of the images. The fusion is a technique of combiningaghentwe
differently focused images and provide the fully focused image with high quality. In recent dagpltbations of
fusion play a very important role. Both the time domain and frequency domain approaches have a greatrapplicati
in their concern.
Image fusion using simple average method:
In this technique, the average of the unfocused images is performed to get the bettanggiyLet x and y be
the two images having the different focus areas. According to the fusion rule, the output fuseds igiagn by
(x+y)/2.
Image fusion using PCA:
In this technigque, the PCA coefficients of the unfocused images are combinedht® logitér image.
The procedure for this fusion is as follows

1. Apply PCA for Imagd

2. Apply PCA for Imagsl
3. Combine PCA of Imagéand Imagél
4. Apply Inverse PCA and obtain the output image.

Image fusion using discrete wavelet transforms:

For effective fusion between two images here we prefer the DWT. The discrete wavelet transformi{@RWT)
implementation of the wavelet transform using a discrete set of the wavelet scales and tranbliogssome
defined rules. In other words, thiansform decomposes the signal into mutually orthogonal set of wavelets.

By using DWT, The image is first divided into shhnds under different resolutions. The resultingdivoensional

array of coefficients contains four bands of data, each labealeédl ow-low), HL (highlow), LH (low-high) and

HH (highthigh). The LL band can be decomposed once again in the same manner, thereby producing even mc
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subbands. This can be done upto any level, thereby resulting in a pyramidal decomposition aglshoviiath
and every sulbands of the Imagel and Imagell are going to be fused with different fusing algorithms.
By using this image fusion method, we are obtaining the better details in the output image.

LL |HL
LL HL HL
LL HL HL LH |HH HL
LH HH LH HH
LH HH LH HH LH HH

Figl. Wavelet decompositions (a)1 level degasition(b) 2 level decomposition (c) 3 level decomposition
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Fig2.Image fusion using DWT

Image-— | is having the focus at one area and imabis having the focus at another area. When we combine these
two images then we get an image having bothdedwareas in single scene.
The procedure for fusion is as follows
1 Apply DWT for Imagel
Apply DWT for Imagell
Combine LL components of Imagand Imagédl
Combine LH components of Imagand Imagedl
Combine HL components of Imag@nd Imagedl
Apply IDWT and obtain the output image.
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2. Materials and Experimentation

Experimentation has been carried over a glass fiber reinforced composite (&R with25 squared
Teflon insertsof various sizes and dated at different depths(fi). A frequency moduated chirped stimulation of
frequencies swept from 0.01Hz to 0.1 Hz in 100s, has been provided to the sample with the relpatdgen

lamps of power 1kW eacfiemporal thermal response has been captured at a frame rate of 20Hz using a mid ban
infraredcamera.
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Fig 3.Layout of the experimental sample
3. Results and discussion

In general thermal responses from deeper subsurface anomalies are more contaminated by noikeesidbpro
signal to noise ratio (SNR)n order to reveal subsurface features, the offset in temporal thermal profiles of each
pixel is removed by a linear fit and further processing has been carried over these mean rerfitagedf prach

pixel in view Processing methods applied over tharsdiles to reduce noise influence or improving signal to noise
ratio of these profiles will enhance detection performance and reveal deeper subsurface feksti@snpression

(b)

(c)

Fig 4. Pulse compressed imagegldterent timeinstance andorresponding Fusedmagesi(a) Simple average, (I9CA based
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applied over these noise contaminated profiles enhances the SNR and provides better defect Idetectedation
based pulse compression, mean removed thermal profiles of each pixel has been cross corretateferetice
profile and correlation cdficient contrast due to depth dependent delay is used for detectidn(@)der to further
enhance SNR, image fusion algorithms was applied to  pulse compressed images at differetarnices.ifsvo

sets of pulse compressed images at differentrinsetaare taken to evaluate the fusion algorithms: Simple average,
DWT based and PChasedlt is observed that each algorithm has different vision effects 4K@js4(c) shows the
fusedimages usinghree different fusion techniques . A SNR value [B0Ji$ed to assess the processing algorithms.
The SNR values okach defecfor different fusion techniques are shown in tablérbm the table 1, it can be
understood that the SNR values of fusedge basedn DWT based image fusion offers the best ltesdowever,

defect detection capability ieSNR is improveddue to DWT based image fusion . Fig 5 shows the intensity
profiles of two defects {5mm and 3mm ) at different depthis,reveals thathe heights of peaks improved
considerably for DWT basl fusion techniques. However, further research is needed to correlate height of peaks tc
size and depth of defect.

DEPTH METHOD SNR of Each defect
Lateral size DA 15mm 10mm 7mm 5mm 3mm
Without fusion 4.230368 10.40724 23.63389 12.99896 21.34016
0.9mm SIMPLE AVG 7.066137 9.712937 23.28975 15.312 20.48562
DWT 21.226 10.886577 24.1367 16.47427 27.04367
PCA 20.0772 10.63833 23.89011 12.50545 22.8973
Without fusion 18.94435 -3.42446 12.22095 17.9966 25.47051
0.7mm SIMPLE AVG 19.2222 11.17415 7.495361 18.62518 25.18054
DWT 20.60358 11.032583 13.90417 19.95303 26.67743
PCA 20.65607 11.91067 -7.27878 16.55065 23.53749
Without fusion 23.01511 20.01049 9.578876 5.955487 16.38406
0.5mm SIMPLE AVG 24.8913 20.29562 7.495361 8.912147 20.48562
DWT 24.45025 22.83931 6.455449 9.838841 21.18406
PCA 24.97793 20.76459 6.459304 8.988401 16.90518
Without fusion 28.78418 22.8438 20.43187 18.52317 31.37243
0.3mm SIMPLE AVG 26.60344 24.05596 21.06474 18.19717 30.7083
DWT 28.63672 24.83233 23.67339 20.29836 32.33497
PCA 26.24308 24.79254 22.88472 15.47711 30.54489
Without fusion 20.01768 20.48459 2457617 20.76264 25.47051
0.1mm SIMPLE AVG 18.46297 20.75388 23.45074 20.1531 26.30036
DWT 18.41352 20.8379 17.67818 20.95303 35.59942
PCA 18.06543 20.76459 22.88472 20.8446 25.346

Tablel. SNR values of each defect for different fusion techniques
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Fig 5. Intensity profile at various depths

Conclusion

Defect detection capability of frequency modulated thermal wave imaging with pulse compressisedfojo
imagefusion method has beamphasizedPixelevel image fusioralgorithms: simple average, DWT based and
PCA based are applied toPulse compressl images.It was observed that, tHemage fusion usingvavelets with
higher level of decomposition showstter performanceompared tsimple averaging fusion algorithm and PCA
based algorithmBased on images obtained, we conclude that, FMTWI pulse ressipn with image fusion
approach has high depth resolution over conventional techniques
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