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Metal Surface Texture Reconstruction Based on
Near-Field Photometric Stereo

Jian Zhenxiong, Wang Xi, Ren Jieji, Ren Mingjun”
School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract The surface quality of precision metal parts will affect the performance and appearance of the product.
For this reason, it is necessary to measure and evaluate the surface texture of the parts. Commonly used contact
measurement methods have low measurement efficiency, and optical measurement methods are susceptible to the
effects of surface highlight reflection. For this reason, a method based on near-field non-Lambertian photometric
stereo vision for highlight metal surface texture reconstruction is proposed. In order to effectively describe the non-
Lambertian reflection, this method uses an inverse reflectance model based on an inverse reflectance light source to
decouple the surface normal vector and the nonlinear reflection model. This method uses neighborhood information
to improve the robustness of the inverse model, and uses the maximum fusion strategy to overcome the influence of
shadows and rendering generates targeted simulation datasets, thereby improving the adaptability to metal surface
reflection. The results show that the proposed method can reconstruct the high-brightness metal surface texture
with high precision, and the relative measurement error is less than 15% .
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Fig. 10 Experimental results of stainless steel end milling sample No. 1. (a) Sample photographs; (b) normal vector

graph; (c) surface textures as measured by white light interferometer; (d) surface texture measured by proposed

method; (e) sectional profile from Fig. (c¢); (f) sectional profile from Fig. (d)
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Fig. 11 Experimental results of aluminum alloy end milling sample No. 2. (a) Sample photographs; (b) normal vector
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method; (e) sectional profile from Fig. (c¢); (f) sectional profile from Fig. (d)
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Table 1

Statistics of different measurement results

RMS of white light

RMS of proposed

Part name Relative error /%
interferometer /pm method /pm
SS planning 1 6.65 6.52 1.95
SS planning 2 3.47 3.30 4. 90
SS planning 3 1.98 1.99 0.51
SS milling 1 6.95 6.53 6. 04
SS milling 2 3.22 2.91 9.63
SS milling 3 0.98 1. 27 29.59
AA milling 1 5.92 6.10 2.94
AA milling 2 5.61 4.95 11. 67
AA milling 3 3.63 3. 14 13.27
22 R XE g5 RS HE equipment for machining large complex components
Table 2 Statistics of measurement results in different areas [J1. Journal of Mechanical Engineering, 2020, 56
RMS of proposed Relative (19): 70-78.
Area No. method /um o Wt MO, XRS5 A T
] oo Do HEHLS R AR A B L], BLB TR, 2020, 56
2 6. 61 0.55 (19): 70-78.
3 6. 57 117 [4] de Groot P. Coherence scanning interferometry[ M] //
4 6. 74 1.30 Leach R. Optical measurement of surface
5 6. 41 3 56 topography. Heidelberg: Springer, 2011: 187-208.
[5] Wang Z Y, Gao N, Zhang Z H. Three-dimensional
5 élﬂ:': .‘L/g shape measurement based on parallel four color
channels fringe projection [J]. Acta Optica Sinica,
A SCHR H— i T B S R e A R 3R 2018, 38(8): 0815022.
B T A 7 . M H T — RO O ST R B E LA, B, k. EPFTNRAELASL
b 1 0T 3 07 06 9 3T T ST 0 8 7 P WL e, 0, s
ﬁéﬁ/fﬁ%%ﬁﬁ{ﬂ'ﬂ 'LH %j’%}g E@ S %\:{ﬁ{f m it SFﬂj [6] Zhang X', Gai S Y, Da F P. Fast three-dimensional
ERE/NT 0.9%, S A OGN measurement based on three channel binary {ringe
P gEAT 3T G L ) L6 I FIT 4 U B B A A5 31 2 T B defocused projection [J]. Laser & Optoelectronics

(P 42 T S TR (9 RIS (L 52 2 7 A Progress, 2020, 57(23): 231201,

o 15%. e, WA kG LT A SO A
Ry PR = 4e & (1] POt S AR, 2020,

) 57(23): 231201.
2 % X # [7] Yan G X, He S X. Measurement of small workpiece

(1] LiB, Zhou D J, Xu W B, et al. Effect of surface based on monocular portable laser scanning [J].
waviness on stability of hydrodynamic journal bearing Applied Laser, 2020, 40(2): 315-322.
systems [ J]. Journal of Mechanical Engineering, ESELE, s . B B F 4 O B G T
2019, 55(19): 51-59. W [T]. RLATHOE, 2020, 40(2): 315-322.

ZEUK, TR, RIS, S SR SURE X B iR [8] Argyriou V, Petrou M. Chapter 1 photometric
MR RaEEn w1, LA TR MR, 2019, stereo: an overview [ J|. Advances in Imaging and
55(19): 51-59. Electron Physics, 2009, 156: 1-54.

[2] Chen S S. Theoretical modelling and experimental [9] Woodham R J. Photometric method for determining
investigation of surface micro-waviness generation in surface orientation from multiple images[J]. Optical
parallel grinding [D]. Harbin: Harbin Institute of Engineering, 1980, 19(1): 191139.
Technology, 2019. [10] Nie Y. Photometric stereo with near-field quasi point
BRAZAZ . AT 35 B I T 3% T B 8008 B Y B S light sources [D]. Shenzhen: University of Chinese
B ST AT T (D] . B R MG /RIE Tl K27, 2019, Academy of Sciences, 2016: 17-24.

[3] XieF G, Mei B, Liu X J, et al. Novel mode and T, BT AT AR bR v 6T A 6 B s = g T )

1112002-10



[11]

[12]

FRILX

B [D]. WIN: PERERE R, 2016 17-24.
Zhang 7Z. A flexible new technique for camera
calibration [ J]. IEEE Transactions
Analysis and Machine Intelligence, 2000, 22 (11):
1330-1334.
Wang X,

photometric

on Pattern

Jian Z X, Ren M J. Non-lambertian

network based on inverse

IEEE

stereo
reflectance model with collocated light [J].
Transactions on Image Processing, 2020, 29: 6032-
6042.

[13]

[14]

1112002-11

413 5 11H/2021 F 6 B/kFER

Fu L, Hong H B, Wang X, et al. Non-lambertian
photometric stereo vision based on inverse reflectance
model [J]. 2020, 40 (5):
0520001.

APk, BRI DL, EM, S T B A A Y A
o B S R 3E [J]. D6 2%, 2020, 40 (5):
0520001.

Matusik W, Pfister H, Brand M, A data-
driven reflectance model [J]. ACM Transactions on

Graphics, 2003, 22(3): 759-769.

Acta Optica Sinica,

et al.



