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Measurement method of structured light surface shape

for highly reflective surface
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Abstract: The complex reflective properties of highly reflective surface bring overexposure and underexpos-
ure problems to surface structured light technology. In order to reconstruct the measured surface completely
and accurately, a multiple exposure method is proposed, which can predict the exposure time according to the
reflective intensity of the measured surface. Firstly, the camera response curve of the imaging system is ob-
tained by projecting a series of uniform gray images at different exposure times, and at the same time, the ir-
radiance image which can reflect the reflection intensity of the measured surface is calculated. Then, the

fuzzy C-means clustering method is used to adaptively segment different irradiance regions of the target and
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obtain the central irradiance of each region, and the optimal exposure time is predicted for different reflec-
tion regions based on the camera response curve. Finally, the 3D reconstruction of the highly reflective sur-
face is realized by combining the multiple exposure fusion algorithm. The experimental results show that the
proposed method can simultaneously reconstruct the strongly reflective area and the excessively dark area of
the aluminum alloy surface, with the reconstruction error less than 0.5mm, the maximum deviation reduced
by 74.78% and the standard deviation reduced by 48.96%. The proposed method can correctly predict the ex-
posure time according to the regional reflection characteristics, effectively overcome the problems of phase
loss and phase distortion caused by regional overexposure and regional darkness, and completely and accur-

ately reconstruct different reflection regions of the highly reflective surface.
Key words: highly reflective surface; structured light; multiple exposure; irradiance; clustering segmentation
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Fig. 1 Monocular structured light measurement system
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Fig. 2 Reflection model of highly reflective surface
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(a) low exposure images; (b) high exposure images
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Fig. 6 Cluster segmentation results of irradiance image
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Tab.1 The steps of FCM algorithm in this paper

Algorithm 1 Fuzzy C-means clustering algorithm under Gaussian metric

Input: Dataset X = {x1,x1,--+,x7}, number of clusters K, maximum
number of iterations 7' = 50, convergence threshold & = 1070,
regularization parameter y = 0.2.

Output: Membership matrix U = {u11,--+ ,u;j...,ux}, cluster lefts C=

{e1,¢2,++ ek}
1: Initialize membership matrix U(()), cluster lefts C(O), and covariance
matricesZ® using the Euclidean distance-based Fuzzy C-Means
algorithm.

2: Set iteration counter t = 0.
3: Repeat

4: Update membership matrixU® | cluster lefts C®) | covariance
matrices £

5: Increment iteration counter: t=1t+ 1.

6: Until max|0® =0t V|<gorr>T.
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Tab.2 Main parameters of monocular structured light

system
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Fig. 9 Image of camera response curve and irradiance distribution. (a) Camera response curve; (b) Irradiance image; (c) Dis-
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Fig. 10 Cluster segmentation results of irradiance image
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Tab.3 Exposure time series of different methods (unit:

ms)
BOGKEC pMmp SCERI4BE SCERISBLE AU
1 100 2.69 1.58 0.75
2 - 15.50 10.13 22.92
3 - 109.73 102.69 59.19
4 - 162.21 269.32 113.22
5 - 203.36 469.32 231.11
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Fig. 11 Phase and point cloud processing results of different methods. (a) Phase pictures obtained by different methods; (b)
Phase pictures obtained by different methods; (c) Point cloud data of PMP method; (d) Point cloud data of the pro-

posed method.
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Fig. 12 Deviation results of point cloud reconstruction by
different methods
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Tab.4 Results obtained by different clustering num-

bers

RE Nz BEAWZ w2 RMS/  TIERE/
o o mm mm mm s

3 532158 2.2817 0.0728 0.0839 53.08

4 574999 1.4990 0.0321 0.0532 85.47

5 604978 0.4789 0.0188 0.0332 130.81

6 656688 0.3612 0.0182 0.0303 201.33

7 680096 0.3010 0.0174 0.0293 294.54
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Fig. 13 Processing results of brake disc and sheet metal

workpiece. (a)~(c) brake disc; (d)~(f) sheet metal

workpiece.
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