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Abstract

Aiming at the problems of poor reconstruction stability and degraded point cloud quality of con-
sumer-grade binocular structured-light cameras caused by solar light interference in natural light
industrial scenarios, this paper conducts a research on 3D reconstruction and optimization for small
industrial workpieces. Taking the Orbbec 335L consumer-grade binocular structured-light camera
as the hardware platform, a three-layer experimental system including hardware acquisition, soft-
ware processing and object detection is constructed. Under three typical solar irradiance conditions
of 0.3 W/m?, 22.5 W/m? and 51.3 W/m?, original point cloud acquisition and quantitative analysis
are carried out for three types of workpieces, namely metal connecting sheets, plastic positioning
discs and square metal gaskets, and the influence law of different light intensities on point clouds is
clarified. On this basis, a full-process differentiated parameter point cloud processing scheme inte-
grating preprocessing, denoising, normal estimation and connected domain segmentation is pro-
posed, and Poisson reconstruction algorithm is adopted to complete 3D model reconstruction and
accuracy verification. The experimental results show that the measurement accuracy of the opti-
mized system reaches the 0.5 mm level. Point cloud noise and edge distortion are significantly sup-
pressed under low light, and the reconstruction accuracy and stability are further improved under
medium light. In strong light environments, the feature deviation of workpieces is reduced by ap-
proximately 12%. The proposed method can effectively suppress solar interference and meet the
practical demands of small and medium-sized enterprises for low-precision industrial inspection
and automatic grasping.
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Figure 1. Measurement flow of binocular structured light technology
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Figure 2. Experimental scene
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Figure 3. (a) Metal connecting sheet; (b) Plastic positioning disc; (c) Square metal gasket
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Figure 4. Raw point clouds under different lighting conditions
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Table 1. Evaluation results of raw point clouds under different lighting conditions

1L FEABFHTRERZEIETNIERER

IR GRS Mg 75 P4 e 75 v 72 REEY bz AR 22
0.3 W/m? 0.2567 mm 0.1812 mm 506.96 ~/mm? 1.56 mm 0.45 mm
22.5 W/m? 0.2376 mm 0.1764 mm 508.07 /Mmm? 0.99 mm 0.18 mm
51.3 W/m? 0.2393 mm 0.1796 mm 551.00 /M mm? 0.45 mm 1.89 mm

3.4. FEAEFREN R HIF M E

ARG M R E . OUREMT, AW FEE. EERE, s MG,
DAL PR AT R AR, RS ERAE T, T IR RBOR Y Rt R RS
FES R ROPRERUN, (L5 KR SOL S R Et g, WA sk, Sl T, Sigms
FRR IR IR A 5 i 22 o
4. FEIXBHERUR LR

4.1, BlIEp=AERE
HTAFEIEST S5, A2 RS = ST E TR . R TIE R A=
MEEE L A, BEAYENE, A SASRESEEEE, SoO0BBEERRE LK 5.

U %*ﬁgof‘:)& R RS

- -

Figure 5. Overall flow of point cloud processing
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Table 2. Evaluation results after downsampling under low light intensity
7= 2. (RSEHRSRE T RN FEITMIEFRE R

R BIE W = P {E Wk 75 b if 72 R
1 mm 0.2602 mm 0.1935 mm 569.14 4~/mm?
0.5 mm 0.2404 mm 0.1737 mm 499.54 A~ mm?
0.2 mm 0.2404 mm 0.1737 mm 499.54 A~mm?
0.1 mm 0.2404 mm 0.1737 mm 499.54 A~mm?

Table 3. Evaluation results after downsampling under medium light intensity
7= 3. PELREE T RENFEIFMIERER

R BIE W = P {E Wk 75 b if 72 R
1 mm 0.2512 mm 0.1892 mm 508.83 4M/mm?
0.5 mm 0.2336 mm 0.1712 mm 505.56 ~/mm?
0.2 mm 0.2336 mm 0.1712 mm 505.56 ~/mm?
0.1 mm 0.2336 mm 0.1712 mm 505.56 4~/mm?

Table 4. Evaluation results after downsampling under high light intensity

% 4. EAIRRRE TREVF TN EIR A R

TR IE W P 35 {H Mk 75 Bt 22 N
1 mm 0.2589 mm 0.1995 mm 499.75 AN/mm?
0.5mm 0.2376 mm 0.1778 mm 325.85 /Mmm?
0.2 mm 0.2376 mm 0.1778 mm 325.85 /Mmm?
0.1 mm 0.2376 mm 0.1778 mm 325.85 4M/mm?

KRG EP (SOR)IAT oM, [ 40 k=6, #E nSigma=1.0. 1.5. 2.0 =S4T, R
s vt 7 SR LS LR 5, OB IR SR FER , nSigma = 1.5 B 5 3 4F 5 br v 72 35008 3 B /ME
FME R AR, ATTORIE O, AR O S A R RA S . WA 6, EEGERT, nSigma=1.0
e 75 OB B 2 B AR, 25 B RO AL . W2 7, e IR, Y9k e 75 $5{E i 0.2376 mm fF+ % 0.2376
mm. 0.2392 mm. 0.2392 mm, M FRyEZH 0.1778 mm 454 0.1766 mm. 0.1771mm. 0.1775mm, Z&{k
W& FEIITE 1% AN, R EDEIE R S e A 7KK, SR 2 mi A [, 256 7% I8 4717 OR 77 5 e A 451
% HX nSigma = 1.5.
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Table 5. Evaluation results after statistical filtering under low light intensity
5. (RARBE TR REITENIERER

it gk B AE Mg 75 P5) Mg P AR 2
nSigma=1.0 0.2399 mm 0.1741 mm
nSigma=1.5 0.2377 mm 0.1732 mm
nSigma = 2.0 0.2403 mm 0.1737 mm

Table 6. Evaluation results after statistical filtering under medium light intensity
< 6. REFAIEE THITREETNERER

GiiH g B AE Mg 75 P3) Mg P AR 2
nSigma=1.0 0.2119 mm 0.1752 mm
nSigma=1.5 0.2219 mm 0.1754 mm
nSigma =2.0 0.2292 mm 0.1746 mm

Table 7. Evaluation results after statistical filtering under high light intensity
= 7. BAEBRETSIERREITENIEmER

Gt UER B Wk 7 45 {1 Mgt 75 v 72
nSigma=1.0 0.2376 mm 0.1766 mm
nSigma=15 0.2392 mm 0.1771 mm
nSigma=2.0 0.2392 mm 0.1775 mm
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Table 8. Normal vector consistency with different neighborhood radii under low light
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0.4 mm w8 34
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' S 48
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Table 9. Normal vector consistency with different neighborhood radii under medium light
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Table 10. Normal vector consistency with different neighborhood radii under high light
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0.4 mm gﬁi?i
0.6 mm gﬁi?&
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Table 11. Voxel matching rate of different Octree levels under low light
=11, KABEH TR Octree LA EITAZR

Octree 2% S IINRES
4 79.6%
6 79.6%
8 79.7%

Table 12. Voxel matching rate of different Octree levels under medium light
=12, PERBEHFTARE Octree BRAIIFE AR

Octree 2% S IINRES
4 82.7%
6 82.7%
8 82.3%
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Table 13. Voxel matching rate of different Octree levels under high light
= 13. BABREHTAE Octree BRI RLEE

Octree 2% 5 YUNGES
4 79.0%
6 79.0%
8 79.0%
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Figure 6. 3D reconstruction images. (a)~(c) are 3D reconstruction images with only normal estimation under different sunlight
intensities; (d)~(f) are 3D reconstruction images under different sunlight intensities after point cloud processing
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Table 14. 3D reconstruction analysis of point clouds under different solar intensities with only normal estimation

= 14 RR&MAHENAEARRER R ZHERZSH

i W P P W 7 o o 22 bz FE R 22
0.3 W/m? 0.0147 mm 0.0359 mm 1.32 mm 0.34 mm
22.5 W/m? 0.0164 mm 0.0379 mm 0.81 mm 0.15 mm
51.3 W/m? 0.0149 mm 0.0393 mm 0.40 mm 0.99 mm
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Table 15. 3D reconstruction analysis of point clouds under different solar intensities after point cloud processing
# 15 R EERNAEARREERZ=HEESH

TGRS W P 1 Mk 75 b if 72 Rz AR 22
0.3 W/m? 0.0138 mm 0.0347 mm 1.12 mm 0.31 mm
22.5 W/m? 0.0125 mm 0.0324 mm 0.76 mm 0.13 mm
51.3 W/m? 0.0144 mm 0.0383 mm 0.38 mm 0.87 mm
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