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Abstract: In order to increase the detection capability of infrared modulated thermography for defects in
composite materials, an infrared image sequence processing method using the complex Morlet wavelet
phase analysis was studied. According to the modulation frequency of thermal excitation and the sampling
frequency of infrared imaging, the total number of scales used in wavelet transform was selected
adaptively, and then a phase image sequence was reconstructed from the raw thermal image sequence by
using the complex Morlet wavelet coefficients. An experiment of modulated thermography was performed
on a glass fiber reinforced plastic reference sample containing delamination defects, the application effects
of the method were quantitatively evaluated and compared with the Fourier transform method by the
signal-to-noise ratio. The results show that the complex Morlet wavelet phase method can separate the
low frequency and high frequency noise from the thermal image signal, and extract the subsurface defects
at different depth robustly; it keeps a good tolerance to the change of the modulation frequency; so it is

an effective algorithm of the modulated thermography.
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Fig.1 Schematic diagram of the experimental setup
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Fig.2 Shape and size of the sample (all dimensions in mm)
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Tab.1 Choice of the total number of scales M
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Fig.3 Time-frequency graph of wavelet coefficients of signal 6,

Frequency/Hz

LSl oo O

/8 /8

10 20 30 40
/s /s

10 20 30 40

P A {55 0, B /Il R Bt At ]

Fig.4 Time-frequency graph of wavelet coefficients of signal 6,
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Fig.5 A typical curve of the modulated thermal signal
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Fig.8 Phase images of wavelet coefficients when the phase jumps
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Tab.2 Total number of scales M and effective scale

of the experiments

Modulation Total number of .
Effective scale a,
frequency f/Hz scales M
1 0.062 5 20 19
2 0.041 3 30 29
3 0.031 25 40 39

98 B W LU AE o 2 B PR b o, HoE R
S=IT~Toll T (15)

ATy R T 43 50 4 5k 3 X G B I XA 32115 £
I 5 0 S T 5k 3 XA B 10 o 2%

A S ) PR B A B A SR AN ] 9~11
it i o Hordr, B 9(a) (I 10(a) I 11(a) 4% 5k = 41
S 1) /1N B F BOHT L 12 45 S 5 1 9(b) L&l 10(b)
B 11(b) 43 510 = 21 5 0 0 6 FEL A5 A 32 L 263
A M5 40y = 4195 o ROy oK 45 1 AR
130 P40 0 13 1k b o % Morlet /I i AR 437 35 £ ke 3 125 16

(a) 7=24's /NI Z B0H 17 B

(a) Phase image of wavelet
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with f=0.062 5 Hz
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Fig.9 Experimental results for modulation frequency f,;=0.062 5 Hz

coefficients with 7=24 s

(a) =69 s /N F BRI 7 E
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Fig.10 Experimental results for modulation frequency f,;=0.043 0 Hz

coefficients with 7=69 s
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Fig.11 Experimental results for modulation frequency f;=0.03125Hz
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Tab.3 SNRs of the phase images of the two
methods for the modulation frequency
f=0.062 5 Hz

Location of defects

lex Morlet
Complex Morle FFT phase method

/mm wavelet phase method
Left edge 0.3 32.87 1.03
Right edge 0.3 12.15 3.42
Top edge 0.5 9.89 5.69
Bottom edge 0.5 14.25 4.94
Top edge 1.0 4.83 5.69
Bottom edge 1.0 4.28 7.97
Top edge 1.5 2.68 1.32
Bottom edge 1.5 0.78 1.81

% 4 JBHIBRE £,=0.041 3 Hz it 7 B0 75 3% 48 422 B 4%
By {5 R EE
Tab.4 SNRs of the phase images of the two
methods for the modulation frequency
f=0.041 3 Hz

Location of defects Complex Morlet

FFT phase method

/mm wavelet phase method
Left edge 0.3 32.69 16.33
Right edge 0.3 14.00 9.75
Top edge 0.5 10.50 2.75
Bottom edge 0.5 19.53 5.13
Top edge 1.0 7.99 1.34
Bottom edge 1.0 10.88 2.29
Top edge 1.5 1.21 2.22
Bottom edge 1.5 3.58 0.46
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Tab.5 SNRs of the phase images of the two
methods for the modulation frequency
f=0.03125 Hz

Location of defects Complex Morlet

FFT phase method

/mm wavelet phase method
Left edge 0.3 16.76 14.45
Right edge 0.3 5.97 16.11
Top edge 0.5 4.55 4.46
Bottom edge 0.5 8.33 2.41
Top edge 1.0 5.37 2.42
Bottom edge 1.0 6.58 5.93
Top edge 1.5 1.24 1.66
Bottom edge 1.5 3.55 2.77
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