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Fig. 1. Laser galvanometer projection module.
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Fig. 2. Timing control diagram of laser, galvanometer and camera.
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Fig. 3. Phenomenon of multiple reflections.
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Fig. 4. Calibration process.
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Fig. 5. Surface treatment results of sheet metal parts and black parts: (a)—(d) Surface stripe treatment, foreground image and

stripe center extraction results of sheet metal parts; (e¢)—(h) surface stripe treatment, foreground image and stripe center extrac-

tion results of black parts.
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#1 pELR
Table 1.  Calibration results.
ZeAL A AHAL
1685.17 0 1022.08 1689.73 0 1036.15
LN S 0 1684.51  764.886 0 1689.53  763.744
0 0 1 0 0 1
P ERGE IR 0.03 pixel 0.02 pixel
0.93517 0.00656701  0.354139  —832.458
. —0.00290955  0.999937  —0.0108592  2.80458
SRR 2R
—0.354188  0.0912484 0.93513 155.423
0 0 0 1

Y

I PR3

Fig. 9. Measurement environment.
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2574 0.24 mm, RERETH AR T & H.

£ 2 ARG EIKOF
Table 2.  Level of absolute measurement accuracy.
gy MR BRI /mm ZARREAE /mm AERER/mm
I T B
909.53 101.71 101.66

(R
A,

HHLRRE  909.70 101.44 101.70
s

iEd hizE

AR E 909.46 101.84 100.96

ity BT

SERHTHRTHRREREAZE
FIRLRE
36 5 248 o I H5 A K- 10200 g SR E
it 2E— UL IHZ AR R (0 i = I RE ).

3.2

IR AF A 22 T RS T 0 A0 I B 7 O R S B
BT BRI R4 T 05 B S, 16T 10 il fr
IR AR ORI R AR R R R, TR E d fE
R 52— 5 WUR) A JSE 7 B AT S B B Aok
PR 22 RO T, BB R R e
TR AR [ B AR A B 2 RO DGR T,
X SRR BB G E s B | o B AR E
P AR T 4% T 8 PR AT B AR R i 4 2R 1Y
TE B PRI BRI, AT 532 W) e 2 A — 4 i s Y
SERNE.

) & R A L

Fig. 10. Measurement environment setup situation.
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FIRTBE
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Fig. 11. Edge point extraction abnormal conditions: (a) Ex- ﬂ‘ﬁ:ﬁﬁﬁ%*‘«l’%ﬁ%ﬁ 3m E@{jﬁ *’H‘rﬁi%ﬁii

traction result of the left camera; (b) extraction result of

IR FFINAFAL. 8D PRI R AR A R T
AR EE G| K 2 HBOL TR R SN AL AL
B FOET LR, 2720 AR R T R 2 B 58
PRSI

the right camera.

K12 ZZEREDETIERN S R HL

FRIEHTRHE  SOtAmEE

Fig. 12. Phenomenon of point cloud loss caused by interfer-
ence from multiple reflected lights. 14 BN A T A e v

Fig. 14. Actual measurement scene and the placement of

LR SR 9T 22 B S S A PR SR A i, 4531 the object to be measured.
(83 [7) 7 Ak A 3 v 0 o 3 = 2 2R AN 13 B
N, BRRALE R S Y SERE AR B T, BT R A
RERSAT RO 22 FE SR G TR RN T i

T HOCHR B AR 2 R AN 2 5%
SRS S8 BN Ry SN, IR AE A (A 15
R, w1 FANRZE DT PR M 5 2 ik

il
i llsglldli‘\k\l\\“"l'wu\ i
um\\\l““m\

it
i

B 15 PR HENE TARRIE S B BCRXTLE  (a) WAL

(b) P2 T S 4 Hems
Fig. 15. Comparison of the effects of two strategies for re-
CISERNNSASTE e € constructing feature point clouds: (a) Conventional
Fig. 13. Effect of improving the integrity of point clouds. strategy; (b) anti-multiple reflection strategy.
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Table 3. The quantity and integrity of the point cloud of

the reconstructed feature surface.
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Abstract

The structured light 3D measurement technology based on laser galvanometer has been widely used in
industrial scenarios such as robot grasping, handling, and loading/unloading in welding and assembly
workshops. However, in actual measurement scenarios, there are complex measurement structures such as
depressions, overlaps, and occlusions. Light is prone to multiple reflections between micro-faces, causing
intensity information to be mixed within the micro-face area and ultimately resulting in point cloud loss in this
measurement area. To address the issue of point cloud loss in complex structure areas in the measurement
process and ensure the accuracy of the measurement information provided by vision, a binocular point cloud
sensor with a laser galvanometer as the key projection module is proposed in this work. Without adding
hardware, it realizes two different image projection modes to deal with complex measurement situations within
the scene. Among them, the anti-multiple reflection projection mode proposed in this work, by regulating the
timing coordination relationship between key components, completes the measurement of complex structure
positions and solves the problem of point cloud loss caused by multiple reflection interference. Finally, multiple
experiments are conducted in actual scenarios to verify the feasibility of the proposed strategy. The
experimental results show that in measurement scenarios with multiple reflection interference, the integrity of
the black part point cloud measured by the anti-multiple reflection projection mode proposed in this work
reaches 98.03%, which is 18.98% higher than the traditional measurement mode. It effectively solves the
problem of point cloud loss in measurement scenarios with multiple reflection interference. Visual measurements
ensure the accuracy and completeness of the information obtained. The six-axis compensation values determined
by the robot for each part’s pose state during teaching become more precise. This ensures that the previously
taught robot trajectory can be accurately reused for subsequent poses, thereby reducing the time needed for

manual robot debugging and enhancing production efficiency.

Keywords: structured light measurement, laser galvanometer, multiple reflection interference, point cloud

reconstruction
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