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Image restoration for blurred fringes of rail
profile 3D online measurement based on PMP
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Abstract: In online phase measurement profilometry (PMP), when the velocity of the object is quite high, the col-
lected reformed fringes often appear to be motion-blurred images, which increases the measurement error, or even
leads to the 3D reconstruction failure. In the online PMP 3D measurement of rail shape and surface flaw, in order to
clarify the blurred reformed fringes of the rail, several restoration methods, such as Wiener Filtering, Point Spread
Function algorithm, Blind Deconvolution algorithm, and Richardson-Lucy algorithm were compared and analyzed.
And the peak signal to noise ratio (PSNR) is used for evaluating the restoration effect. Meanwhile, the relationship
between the vehicle speed and the restoration effect was studied, the error was analyzed and the 3D rail shape was
reconstructed based on online PMP. Theoretical and experimental results show that in the online 3D measurement of
rail shape and surface flaw, the Richardson-Lucy algorithm is the best one for image restoration of motion blur, and
the relationship between the effect of image restoration and the vehicle speed is a polynomial.
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Fig. 1 Basic principle of PMP.
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Fig. 2 Standard sine grating fringes image.
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Fig. 4 Restored grating fringes images of various algorithms. (a) Wiener filtering method. (b) Point spread function algorithm.
(c) Blind deconvolution algorithm. (d) Richardson-Lucy algorithm.
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Fig. 5 The relationship between peak signal-to-noise ratio and fuzzy kernel length. (a) Blurred images. (b) Restored images.

| ||‘||||‘||‘|| |‘||‘ |‘||‘

(b)

B6 =108 s B4A. (a) Ea3E B 4. (b) Richardson-Lucy #6922 H.
Fig. 6 The grating fringes image when ¢=10°. (a) Motion blurred image. (b) Restored image of the Richardson-Lucy algorithm.
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Fig. 7 The relationship between PSNR value and
fuzzy kernel length of reconstructed image (6=10°).
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Fig. 8 Grating fringes images obtained by experiments.
(a) A static shot of a fringes image. (b) Motion blurred

fringes image. (c) Restored image of the Richardson -
Lucy algorithm.
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Fig. 9 3D reconstruction of the steel rail profile.
(a) Fuzzy fringe image. (b) Restored fringe image.
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