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Abstract The traditional binocular endoscope can only provide clear images, and can not carry out three-
dimensional measurement/reconstruction. In this paper, a binocular endoscope system based on the stereo
vision principle is proposed to realize three-dimensional measurement/reconstruction, and a speckle three-

dimensional reconstruction system based on a binocular endoscope is developed. To improve the calibration
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accuracy and 3D reconstruction quality of the system, a high-precision binocular endoscope calibration
parameters optimization method and a stereo correction algorithm based on twice rotation of the optical axis
are proposed in this paper. The measurement system consists of a structured light illumination system and
a binocular endoscope. Firstly, the image with random speckle is characterized by projection through the
structured light illumination system, and then the epipolar correction and stereo matching are carried out
after stereo imaging by the binocular endoscope. Finally, the three-dimensional information of the object is
reconstructed according to the principle of triangulation. The experimental results show that compared with
the traditional method, the measurement accuracy of standard bodies such as cone and ball is significantly
improved.
Keywords binocular endoscope; speckle; calibration parameters optimization; stereo rectification; 3D
reconstruction
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Table 1 Initial calibration parameters of the system
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A Hr 0.156 0.115 0.224
A5 0.081 0.068 0.093
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Table 3 Calibration parameters after system optimization

WHIZH

SRS

[9:v,]

[7..1,]

[kpkz,Plst,kg]

R T

L:[496.470,500.444]  L:[316.580,174.376]

R:[493.375,496.598]  R:[350.970,204.591]

L:[—0.473,0.358,0.009, 0.013,0.000]

R:[—0.545,0.520,—0.001,—0.001, 0.000]

0.005 0.999  0.011
0.027 —0.011  0.999

0.999 —0.005 —0.027
[3.498 0.182 0.026]
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Fig. 12 Chessboard cornor fitting plane error
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Table 4 Comparison of 3D measurement accuracy

Rk E (mm)
457575 AILTTiE
A4 0.145 0.098
BRAA 0.124 0.112
FRAEF T 0.361 0.270

H10.7%; XFTArdEFIH, ASC =480 &R 2%
N 0.270 mm, i f& G871 = 4R R ZE N
0.361 mm, HEEIRELALRGEL 33.7%.
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Fig. 13 Comparison of 3D reconstruction by the traditional and proposed method
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Fig. 14 Reconstruction result of porcine small intestine and real teeth by using the proposed system
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