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Fig. 1. Block diagram of 2D PSD.
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Fig. 2. Simulation of 2D spatial modulation and 2D PSD: (a) Spatial image of 2-D modulating signal; (b) frequency domain image
of 2D modulating signal; (c) frequency domain 3D mesh image of 2D modulating signal; (d) spatial image of 2D carrier signal;
(e) frequency domain image of 2D carrier signal; (f) frequency domain 3D mesh image of 2D carrier signal; (g) spatial image of 2D
modulated signal; (h) frequency domain image of 2D modulated signal; (i) frequency domain 3D mesh image of 2D modulated signal;
(j) output spatial image of multiplier; (k) output frequency domain image of multiplier; (1) output frequency domain 3D mesh image
of multiplier; (m) output spatial image of 2D PSD; (n) output frequency domain image of 2D PSD; (o) output frequency domain 3D

mesh image of 2D PSD.
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Fig. 3. Simulation flow of demodulation and noise suppression of two different demodulation methods: (a) Rectifier + filtering meth-

od; (b) 2D PSD.
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Fig. 4. Noise suppression characteristics of two demodulation methods in different noise background: (a) Amplitude-modulated sig-
nal of 60 dB; (b) output spatial image of 2D PSD in case of 60 dB; (c) output spatial domain 3D mesh image of 2D PSD in case of
60 dB; (d) output spatial image of rectifier + filtering method in case of 60 dB; (e) output spatial domain 3D mesh image of recti-
fier + filtering method in case of 60 dB; (f) amplitude-modulated signal of 0 dB; (g) output spatial image of 2D PSD in case of
0 dB; (h) output spatial domain 3D mesh image of 2D PSD in case of 0 dB; (i) output spatial image of rectifier + filtering method
in case of 0 dB; (j) output spatial domain 3D mesh image of rectifier + filtering method in case of 0 dB; (k) amplitude-modulated
signal of —30 dB; (1) output spatial image of 2D PSD in case of —30 dB; (m) output spatial domain 3D mesh image of 2D PSD in
case of =30 dB; (n) output spatial image of rectifier + filtering method in case of —30 dB; (o) output spatial domain 3D mesh image
of rectifier + filtering method in case of —30 dB.
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Fig. 7. Flow chart of defect detection algorithm for shielding glass: (a) Direct filtering method; (b) rectifier + filtering method;

(c) 2D PSD(extracting carrier approximately); (d) 2D PSD(extracting carrier accurately).
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Fig. 8. Detection process of defects in shielding glass for 2D PSD: (a) Original 2D image of shielding glass; (b) amplitude spectrum

2D display of original image; (c) amplitude spectrum 3D mesh display of original image; (d) amplitude spectrum 2D display of carri-
er; (e) amplitude spectrum 3D mesh display of carrier; (f) extracted carrier image; (g) output image of multiplier; (h) amplitude
spectrum 2D display of output image of multiplier; (i) amplitude spectrum 3D mesh display of output image of multiplier; (j) amp-
litude spectrum 2D display of filter; (k) amplitude spectrum 2D display of output image of filter; (1) amplitude spectrum 3D mesh
display of output image of filter; (m) 2D display of output image of filter; (n) 3D mesh display of output image of filter; (o) binary

image of defect.
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Fig. 9. Signal-to-noise ratio of defect output images for different detection methods: (a) Original 2D image of black spot defect; (b)
original 2D image of scratch defect; (c) original 2D image of white line defect; (d) image of black spot defect achieved by filtering
method; (e) image of scratch defect achieved by filtering method; (f) image of white line defect achieved by filtering method; (g) im-
age of black spot defect achieved by rectifier + filtering method; (h) image of scratch defect achieved by rectifier + filtering method;
(i) image of white line defect achieved by rectifier + filtering method; (j) image of black spot defect achieved by 2D PSD (extract-
ing carrier approximately) method; (k) image of scratch defect achieved by 2D PSD (extracting carrier approximately) method; (1)
image of white line defect achieved by 2D PSD (extracting carrier approximately) method; (m) image of black spot defect achieved
by 2D PSD (extracting carrier accurately) method; (n) image of scratch defect achieved by 2D PSD (extracting carrier accurately)
method; (o) image of white line defect achieved by 2D PSD (extracting carrier accurately) method.
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Fig. 10. Detection results of glass defects by using external carrier method: (a) 2D carrier image generated by software; (b) unmodu-

lated carrier image projected by projector; (¢) 2D modulated image acquired by camera; (d) modulated image in strong ambient

light: (e) modulated image superimposed with noise; (f) demodulated 2D image of (c¢) and (d); (g) demodulated 3D mesh image of

(c) and (d); (h) demodulated 3D mesh image of (e).
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Abstract

Two-dimensional spatial modulation and demodulation technology can improve the weak signal detection
capability of photoelectric detection system in a stronger noise background. In this paper, a two-dimensional
phase-sensitive detector for the high-precision demodulation of 2D spatial amplitude-modulated signal is
proposed. In this paper, we introduce the principle of extracting modulating signals from 2D amplitude
modulated images by using 2D phase-sensitive detector, and simulate its ability to suppressing noise and
extracting signal from the amplitude-modulated images buried in noise. In order to eliminate the influence of
grid image generated by metal wire mesh sandwiched between two layers of glass on the detection of shielding
glass defects, the methods of filtering in the frequency domain, rectifying plus filtering and two-dimensional
phase sensitive detector are used to demodulate the mesh amplitude-modulated image, and the effects of
extracting defects and suppressing noise are compared with each other.

The principle and experimental results of defect detection of ordinary glass by using external carrier are
also provided. The simulation results and the detection results show that the two-dimensional phase-sensitive
detector can be used to demodulate spatial two-dimensional amplitude-modulated image produced by optical
modulators to extract two-dimensional measurement signals. The 2D phase-sensitive detector can greatly
improve the signal-to-noise ratio of the output image, increase detection accuracy and the ability to extract

modulating signals from the amplitude-modulated image buried in noise.

Keywords: two-dimensional phase-sensitive detector, amplitude-modulated image, signal-to-noise ratio, glass

defects detection
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