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Method for improving detection efficiency using infrared pulse

phase thermography
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(602 Teaching Office of Rocket Force University of Engineering, Xi’an 710025, China)

Abstract: In order to improve the phase calculation speed and detection efficiency of Pulse Phase
Thermography (PPT), a fast phase algorithm optimized from Fast Fourier Transform (FFT) was proposed,
with which the calculation speed could be increased by 1.9-12.4 times. To solve the optimal sampling
length of thermal image sequence and frequency ratio, the calculation method for optimal sampling length
was proposed based on the heat diffusion formula. Experiment was carried out on aluminium and iron
specimens. Results show that the optimal sampling length is 1.1 s and 3.9 s for aluminium and iron
specimens respectively and the phase difference at fundamental frequency has the best capability to
distinguish defects. The calculation speed is evidently improved by the proposed fast algorithm and the
optimal sampling length can be directly calculated by the improved numerical formula. Operation
subjectivity and random settings of parameters can be avoided and the detection efficiency of pulse phase
thermography can be improved.
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Fig.1 Comparison of computation time by different algorithms
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Fig.2 Aluminum alloy specimen
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Fig.3 Steel material specimen
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Tab.1 Phase of single period harmonic for

aluminum alloy specimen

Defect depth/mm

Sam-

pling 4.75

length 2.75 3.00 3.25 3.50 3.75 4.00 4.25 (nor-
mal)

10 18.147 18.095 18.077 18.078 18.085 18.100 18.122 18.126
20 9.232 9.179 9.155 9.116 9.107 9.115 9.114 9.102
30 6.276 6.224 6.186 6.146 6.126 6.127 6.108 6.084
40  4.796 4.745 4.697 4.660 4.632 4.626 4.604 4.573
50  3.903 3.851 3.800 3.758 3.733 3.722 3.697 3.664
60 3.299 3.246 3.194 3.151 3.130 3.115 3.089 3.055
70  2.865 2.814 2.761 2.718 2.702 2.683 2.658 2.624
80  2.534 2.488 2.433 2.393 2.378 2.358 2.334 2.300
90  2.272 2.230 2.173 2.138 2.123 2.103 2.082 2.047
100 2.059 2.021 1.964 1.932 1.917 1.897 1.878 1.844
110 1.881 1.849 1.790 1.763 1.747 1.728 1.711 1.678
120 1.732 1.705 1.646 1.623 1.607 1.589 1.573 1.540
130 1.607 1.582 1.526 1.504 1.489 1.472 1.457 1.425
140  1.500 1.477 1.423 1.403 1.389 1.373 1.359 1.328
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Fig.4 Phase difference of single frequency for aluminum alloy specimen
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Fig.5 Phase difference of different frequency ratios for aluminum

alloy specimen
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Fig.6 Result of aluminum alloy specimen
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Fig.7 Phase difference of single frequency for steel material specimen
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Fig.8 Phase difference of different frequency ratios for steel

material specimen
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Fig.9 Result of steel material specimen

RGBS A 1.1 s | AR
BURERT R EME 3.9 fRALAZ(6), 2K € 4300 1.25
1.36, HE/N TP MRS EHRA LK (6)5K
C W SR €=1.31, AR (6) T EIR A .

N=1.83£O"fi (7)
A s G BCREIR ; o WA HRE 1

SR RS R
DA 3356 P ke B0 A (5 5 Ak B R A 57 1 5 e
Feafe Sk, B k=1, A @) al Fm R .

Y T(n)cos(2mn/N)

@=arctan | —%! (8)
Y, T(n)sin(2mn/N)
n=1

TEEAT HAB K AR A7 HAG A I g i, 55
ARG ERAARFERKE N, AKX @) R T
AR, AT DLk S K i A R R A R R A A
fitHas B, R IE S AR I BOR A8 T A AL
PR RIS Ay T A o R M ] e 3k e 4 1Y)
SR A IR | 1 1 2 AR A SR AR MRl R A B
1E 50~300 785 Fl A .

5 FIiEWIE

DA AR T AR R A7 50 ok B0 B R K
FE (AR @) A S . AR R, T A 10
Fis KB mm, AMERSE 280 mmx220 mm ,
JE 5.8mm, MZFIATIRIKEER 14~5# K/ IR
FE M 1.0 mm FH i E 5.0 mm /) 5 PR LTE
R R AR RS R SR

220

1# 3# s# 30

10 PRSP

Fig.10 Specimen with flat-bottomed wedge-shaped grooves
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Fig.11 Phase images of different sequence lengths
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