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Application of single pixel imaging in 3D measurement
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Abstract: Traditional optical 3D shape measurement methods, such as Fringe projection techniques, cannot
acquire high-quality and high-accuracy 3D measurement results in the presence of global illumination. Typical
global illumination effects contain interreflections and subsurface scattering. Interreflections occur in concave
surfaces with glossy reflection, and subsurface scattering occurs in translucent materials. Single-pixel imaging
(SI) techniques can capture a scene through a detector with no spatial resolution. However, traditional pixelated
imaging sensors are commonly adopted in most modern digital cameras. Here, we extended SI to pixelated
imaging sensors, in which every pixel on an imaging sensor was considered an independent unit that can
simultaneously obtain an image. Our experiments show that the SI can completely decompose direct and global
illumination. Furthermore, high-quality and high-accuracy 3D profile in the presence of global illumination can be
reconstructed.
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Fig.1 Diagram of structured light 3D vision system
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Fig.2 Light transport coefficients in the case of interreflections and
subsurface scattering; (a) light transport coefficients in the case of
interreflections; (b) light transport coefficients in the case of

subsurface scattering
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Fig.3 Measured objects in the compound scene; (a) gypsum bear; (b)

onion; (c) white gourd; (d) turbine blade; (e) metal parts
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Fig.4 The reconstructed images of single pixel imaging method for the compound scenes; (a) the measured scenes; (b) reconstructed single-pixel

imaging result of a point on the abdomen of the bear; (c) reconstructed single-pixel imaging result of a point on the onion; (d) reconstructed single-

pixel imaging result of a point on the white gourd; (e) reconstructed single-pixel imaging result of a point on the turbine blade; (f) reconstructed

single-pixel imaging result of the second point on the turbine blade; (g) reconstruction single-pixel imaging result of a point on the metal parts
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Fig.5 3D reconstruction results of the compound scene; (a) 3D reconstruction results of the scene; (b) enlarged abdomen region of the bear; (c) enlarged

area of the onion; (d) enlarged area of the white gourd; (e) enlarged bear claw and turbine blade region; (f) enlarged region of the turbine blade; (g)

enlarged region of the metal parts
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Fig.6 Comparison of 3D reconstruction results of translucent objects
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Fig.7 Measured translucent material object for accuracy evaluation; (a)

polyamide sphere; (b) jade horse

Oh T 53 A e R 0 R R, 0 R Y R R
HEAT RS, MR A5 2R Y B AR P B 4 0] 1R 22
AT ARRZE X AT AT PR . X T 5, HoL
i AR E B OTT X SRR AT = el . PR
B HEAT S LR I8 SRR 1 g W,
BRMSE N m . W, BT R R IR =4k AT
RGBT RS, IR RE . Seaexs L5
BRI i 25 00 1 24 4 36 5 2 M8 7 AR e 22 4T
Mo MARZRANE] 8 Fros, PR EE PR R a2 1

mm mm

0.15 £ 0.3
0.10 0.2
0.05 0.1
0 0
—-0.05 —0.1
—0.10 -0.2
—0.15 -0.3

8 2 IR LA (2) JEJE IR = AR ES 5 (b) JE IR Bk
AP, (o) EB=MEF AL, (d) ERHERERER

Fig.8 Accuracy evaluation of translucent measured objects; (a) 3D
reconstruction result of polyamide sphere; (b) reconstruction
deviations of polyamide sphere; (c) 3D reconstruction result of

jade horse; (d) reconstruction deviations of jade horse
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Tab.1 Accuracy evaluation of the measured results

Measured Fitted diameter Mean absolute Root mean square

objects /mm error /mm error /mm
Polyamide 5 1 0.020 0.026
sphere
Jade horse 0.049 0.059
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