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Abstract The laser speckles based structured light technique performs 3D reconstruction with a single shot,
which makes it one of the most important ways to achieve dynamic measurement. However, it is inaccurate,
which makes it difficult to meet the needs of accurate measurement. This paper develops a low-cost and

miniature 3D vision system for dynamic depth recovery. A high-precision calibration optimization method for
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binocular camera and an optimal stereo image correction method based on a two-step rotation are proposed,

which improves the calibration and measurement accuracy of system’s parameters. Our system consists of

a miniature projector and two cameras. A single pattern with pseudo-random speckles is projected onto the

surface of the target object and imaged by a stereo camera. Another single pattern with pseudo-random spots is

projected onto the surface of the target object. The depth and contour information of the target is recovered by

using the feature matching and triangulation principle. After testing, the measurement accuracy of the proposed

structured light system is significantly higher than that of the traditional calibration method under the condition

of using optimized calibration and rectification parameters. Compared with traditional method, the sphere

reconstruction error of the proposed system is 1.05 mm, and the accuracy has been increased by 52.38%. The

cylinder reconstruction error is 1.61 mm, and the accuracy has been increased by 63.98%.
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Fig. 1 Schematic diagram (a) and algorithm flow (b) of

the proposed structured light system
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Fig. 3 Epipolar rectification of stereo images
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Fig. 9 Calibration images with different orientation

®1 GHXRGHAISHMEERERK

Table 1 Intrinsic parameters and distortion coefficients of structured light system

i A & b S e e
S J Cx ¢y S 5 Cx ¢
feALsr 477.62  477.62 320.11 194.12 (0.03, —0.14,0,0,0) 478.46 478.46 322.31 197.25 (0.05, —0.19,0, 0, 0)
fefbE 495.07  495.07 326.60 212.07 (0.03, —0.14,0,0,0) 500.21 500.21 336.14 215.84 (0.05, —0.19,0, 0, 0)
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Table 2 Extrinsic parameters of structured light system
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Table 3 Rectified stereo parameters of structured light system
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Fig. 10 Corner fitting plane error



3 W, S AR AR S =R E R R G 9

10 (b) P AR Z TR E . ATLE 3,
FERA R R R A R AT PG, B
5 5k G iRz EJt, EAUL)E KGR
FEFRIRENC T 8.09%, Ut AR e A BE I

4 =ZHEE

4.1 SR =HEE
FEARAT Y, R FER 2 il N F SR (nde

(a) FE IR P

TRt

.......

(d) TR P S0

(b) A HEEI 5

(e) TR P 22 - A A

i AR B AT 347 H s 08 DL A SC 45 )
JCHEERG. He, RGN EGCE WA
11 (a-c) fizn, DOE KM 2% HUH #3352
11(d-f) o, 75 2R IR EE A B 11 (g-i) P
e MWE 1L ATRVE Y, AXRGER IR NRIE
FEAT R, B 12 BT = A A A Y A
B R =M 3D BRGNS R . ATRAE R, K
MIASCRR Y SL FEM &R S, 7T DAERf i &
B SO R T A SO AN R T ) = 4R

] S—

E- —— 2-.-— -

(o) Bl AE: 5

S

(F) HORE P 22 - Al

(@) BREE Al it-1EH

() R JEE Al -1 £

(W) VR FE At it- el A

E 11 =R EA R E S

Fig. 11 Depth estimation results of three curved objects by using the proposed system



10 £ &

oK 2020 4F

60 4
40 4
20 4 "

—20 1
—40 4

150 4

100

—50

—a) B
2(wgo oG
() LRI M = (b) HEUR I A (o) W BRI A S =

(d) FEHHR 3D A

(e) [FI4EfY) 3D 2

() [ AE ) 3D LA

12 =M AR ER

Fig. 12 Reconstruction result of three curved objects by using the proposed system
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