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Three-dimensional imaging technique based on

Gray-coded structured illumination

Zhang Qican, Wu Zhoujie
(College of Electronics and Information Engineering, Department of Opto-Electronics, Sichuan University, Chengdu 610065, China)

Abstract: Three-dimensional (3D) imaging technique based on structured illumination has been deeply studied
and widely applied in recent years. Among numerous 3D imaging methods, the imaging technique based on Gray-
coded structured illumination has been applied in industrial inspection, digitalization of antique, biomedicine
detection and so on, owing to its robustness and anti-noise ability. To realize 3D imaging, the projected Gray-
coded pattern can either be used to modulate the height information or be used to assist acquisition and
computation of the height information of the tested object. In this paper, a review was given to introduce
principles and progresses of the imaging techniques based on Gray-coded structured illumination and the research
achievements of the author's research group about this technique were also shown. In addition, the advantages,
disadvantages and application scope of binary Gray-coded patterns in 3D shape measurement were discussed and
the developing trends of this technique was pointed out as well.
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Fig.1 Schematic diagram of 3D imaging technique based on Gray-coded structured illumination
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Fig.2 Direct Gray-coded coding technique. (a) Projected patterns; (b)
Decoding process of Gray code; (c) Zero-crossing edge detection
method; (d) Positive and negative edge detection method; (e)

Improved zero-crossing edge detection method
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Fig.3 Gray-coded-aided line shifting technique. (a) Projected line-
shifting patterns; (b) Projected Gray-coded patterns; (c) Decoding

process; (d) Peak detection of the line
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Fig.4 Gray-coded-aided stripe edge shifting technique. (a) Projected
stripe-edge-shifting patterns; (b) Projected Gray-coded patterns;

(c) Decoding process
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Fig.5 Experimental results of the Gray-coded-aided stripe edge shifting technique %, (a) Microchip; (b) Measuring result of a microchip; (c) Coin; (d)

Measuring result of a coin
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Fig.6 Experimental results of the improved Gray-coded-aided stripe
edge shifting technique **. (a) Captured fringe pattern with low
exposure time; (b) Captured fringe pattern with high exposure
time; (c) Generated fringe pattern using HDR technique; (d)

Measuring result of the metal surface
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Fig.7 Gray-coded-aided phase shifting technique. (a) Projected phase-
shifting patterns; (b) Projected Gray-coded patterns; (c) Decoding

process
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Fig.8 Decoding process of the complementary Gray codes
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Fig.9 Experimental results of the complementary Gray-coded-aided
phase shifting technique. (a) Experimental result of the traditional
Gray-coded-aided phase shifting technique; (b) Partial
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Gray-coded-aided phase shifting technique; (d) Partial
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Fig.10 Representative techniques of fringe binarization. (a) Binary

square wave; (b) Optimal pulse width modulation; (c) Two

dimensional dithering binarization
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Fig.14 Experimental results of reconstructing the simple pendulum swing using shifting Gray-coded-aided phase shifting technique
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Fig.15 Experimental results of reconstructing the collapsing building blocks using shifting Gray-coded-aided phase shifting technique
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