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Abstract-With the rapid development of computer science and image processing technology, 3D
reconstruction and measurement of surface based on computer vision have become a research
trends. However,for the weak texture surface,it is difficult to extract enough key points through
general corner detection algorithms. Based on the principle of binocular stereo vision,this paper
proposes a method of pasting circular markers to research 3D reconstruction of weak texture surface.
This method can rich the surface’s texture information used to feature extraction,so it can efficiently
extract more key points. The results show that this proposed method is feasible and greatly improve
3D reconstruction of weak texture surface.

Introduction

A binocular vision system simultaneously captures two pictures of a scene using two cameras that
are separated keeping a known distance. Then,the depth information of the scene can be obtained by
parallax principle and triangle measurement principle.

In our paper,we take a turbine blade as the example of weak texture surface. As the key part of
machinery, the distortion of the turbine blade is more and more obvious and it doesn’t have enough
texture information. Therefore,we can’t get enough information to reconstruct by the general corner
detection algorithms,such as Harris cornerq1],SIFT features2] and zero-crossing pointg3]. For
now,most researchers solve this problem using the grating projection method to rich texture
information. Jia Qiangian designed and built the camera measurement system based on
closed-light-section method[4]. Xu Hui and Zhang Jianlong realized 3D reconstruction of complex
parts’ surface based on surface structured light projection method[5]. However,the light projection
method also has limitations due to noise interference,instability and complexity of this system.

To overcome the traditional problems of the light projection method,we propose to rich texture
information of the turbine blade with pasting circular markers orderly. The proposed method can
extract enough feature points by detecting center of circle using the principle of Circle Hough
Transformation(CHT). The following sections will discuss stereo calibration,feature
extraction,stereo match and 3D reconstruction.

Stereo Calibration

For abinocular vision system, there are two partsto finish the stereo calibration.
A.Single camera calibration. This part is to obtain intrinsic parameters,extrinsic parameters and
distortion coefficients. It has been researched widely in [6,7].
B.Stereo calibration. Structure parameters which describe the relative position and rotation of two
cameras are calibrated in this part.

For the convenience of calculation,this paper uses Camera Calibration Toolbox for Matlab. The
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calibration results are consistent with the reference [8] which was done using the method of
reference [9] by our laboratory. The calibration resulty 8] are shown as follow:
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Where, A and A are the intrinsic parameters of the left camera and the right camera. R and T

respectively express rotation matrix and translation matrix from the left camerato the right camera

Feature Extraction

For the weak texture surface, extracting enough feature points is important for 3D reconstruction.
Firstly, we need paste circular markers on the surface of the turbine blade. After acquiring 2D
images of the turbine blade with pasted markers,detecting center of circle use the method of CHT.
The principle of CHT is as follow.

We suppose that the equation of a circle show asin (1):

(x-a)*+(y-b)*=r? 1
where (a,b) is the circle center,and r is the radius. (x,Yy.) (i=1,2,...,n) is a set of all points on the

circumference of a circleThen,in ab-r parameter spacethe equation of the set of (x,y.) is
expressed as (2):

(@- %)*+(b- y)*=r’ @)
Eq.2 is a 3-dimensional cone. Any point (x,y.) on the circumference in image space is

corresponding to a 3-dimensional cone in the a-b-r parameter space. All points on a circumference
will be a cluster of 3-dimensional cones. A circle in image space map into the parameter space is as
shown in Fig.1.
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Fig.1 Circlein the a-b-r parameter space

If we want to detect the coordinate of the circle’s center and the radiuswe need build a
3-dimensional accumulator A(ab,r) in the parameter space(r is a variate). According to Eqg.2,(ab,r)
is calculated for each pixel point of the circle’s circumference in image space. When there exists
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repetitive intersections in a same position, the value of A(a,b,r) add one at this position. When the
value of the accumulator reaches a maximum in a position,this point at this position is regarded as
the circle center.

In this paper,the acquired image should be preprocessed by Gaussian Filter before employing
CHT. However,there are few undesired circle detected and some desired circle undetected.
Hence,we need to further process the image by deleting undesired points and adding the missing
points by partial detection. Figure 2 shows the image after this processing method.

a. Circle detection resultsin the left image b.Circle detection resultsin the right image
Fig.2 Circle detection results after further processing

Stereo Match

We have extracted enough feature points based on the method we proposed in last section. Then,the
points in the left image and in the right image are matched using correlation matching,uniqueness
congrain,parallax smoothness constraint and the epipolar constraint[8] . Figure 3 shows the
matching results making the matched points with the same number.

a. The left image b. Theright image
Fig.3 Resultsof points matching

3D reconstruction

On the base of getting intrinsic parameters and structure parameters of the two cameras,we could
calculate the spatial coordinates of matched points using parallax principle and triangulation.
Then,these spatial points are used to surface fitting based on the NURBS method[10] as control
points. To make the surface more smooth,we employ the interpolation method for the fitted
surface.Figure 4 shows the final fitting results. Table 1 shows the measurement results of the
reconstructed turbine blade. This results indicates that the measurement values are close to the real
values. Hence,this proposed method is feasible.
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Table 1. Measured Results

D3 - Distance Redl Measured
v D2 [mm] Length | Length

' D1D2 150.4 150.26

D2D3 270.4 279.62

D3D4 91.3 91.67

D4D1 289.5 285.83

Fig.4 3D Reconstruction resultsfor the

rotor blade after interpolation

Conclusion

In this paper,we finish 3D reconstruction of weak texture surface using the method of pasting
circular markers based on binocular vision. Feature extraction based on pasting circular markers are
described in detail. Most circle centers are successfully extracted with the CHT method. The
reconstruction result shows that the proposed method is reasonable. However,we cannot extract all
the points on the first operation and some points are detected error. To improve the accuracy of
circle detection will be our next work.
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