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Abstract: The measurement system based on binocular stereo vision realizes the 

identification and measurement of welds by collecting and processing the weld image. 

Through the research of binocular vision measurement method based on structured 

light, a stereo vision platform with machine vision and line structure light is designed 

to prepare for obtaining three-dimensional information of weld image. The whole 

hardware system includes hardware such as camera, line laser, binocular bracket, filter, 

mobile platform and light intensity controller. The hardware system is built according 

to the structure optical binocular measurement method, and the corresponding 

research is carried out through this platform. With the test. 
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1. Introduction 

Binocular stereo vision can obtain the depth information of the spatial target point [1], 

so the visual system of the three-dimensional spatial point position measurement 

mostly adopts binocular stereo vision. Although binocular stereo vision can detect 

depth information, the matching of image feature points acquired by the two cameras 

is difficult, and the probability of mismatching is high, resulting in inaccurate final 

detection results [2]. In order to solve the problem that the binocular stereo matching 

is difficult, the line structure light is introduced as a mark to assist the matching, 

thereby ensuring the accuracy and reliability of the weld measurement. 

 
2. Hardware System Platform Design 

The basic idea of the principle of binocular vision measurement based on structured 

light is to use the laser to construct the contour features of the object depth 

information on the surface of the object, directly extract the laser stripe, and combine 

the binocular vision model to calculate the three-dimensional coordinates of the object 
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surface. The line laser is projected perpendicularly onto the object. The intersection 

of the laser plane and the upper surface of the object is exactly the same as the 

contour of the surface of the object. When the height of the same section is the same, 

only the three-dimensional coordinates of the laser line need to be calculated. The 

height difference at different points can measure the shape of the object [3], as shown 

in Figure 1. Similarly, if multiple sets of parallel line lasers are projected on the surface, 

the entire surface shape can be recovered. Two cameras with fixed positions, when 

observing objects from different angles of view, the laser stripes appear different 

degrees of bending in the left and right views due to different observation angles, 

respectively extract the pair of stripes, and use the bidirectional polar constraint to 

perform points on the laser curve. Matching, combined with the camera calibration 

results, can calculate the depth information of the laser stripe. 

The weld structure studied in this paper is a type of welded joint. The binocular vision 

measurement system based on structured light is used to measure the width and 

depth information. The reference light is used as auxiliary identification to quickly 

extract the weld size characteristics. Among them, binocular vision requires two 

industrial cameras. The structured light equipment only needs an ordinary high-power 

line laser. The line laser can be used to outline the surface of the object on the surface 

of the object, and the shape of the object can be easily measured. It is simple, fast, 

high precision and economical for engineering applications such as surface 

measurement and shape measurement. 

 

Figure 1 Schematic diagram of binocular imaging based on structured light 

 
2.1 Laser and two camera installation design 

CMOS camera and semiconductor laser are the main components of structured light 

vision sensor. The positional relationship between the two is mainly in the following 

three ways: (1) oblique illumination of the light source, vertical camera reception; (2) 

oblique illumination of the light source, tilting reception of the camera; (3) The light 

source is vertically illuminated and the camera is tilted to receive. The typical layout 
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is shown in Figure 2. 

  

Figure 2 (a) CMOS camera tilt, light source vertical map 

 

Figure 2 (c) CMOS camera vertical, light source tilt map 

   

Figure 2 (b) CMOS camera tilt, light source tilt map 

 

Figure 2 (d) CMOS camera vertical, light source tilt map 

In the actual measurement process, you can choose which method to use according 

to the specific situation and requirements. If the method of oblique illumination of the 
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light source is adopted, it is necessary to determine the vertical sectional shape and 

size of the welded plate member, which cannot be determined according to one image, 

and must be considered together with several images, which brings a lot of 

subsequent weld image processing algorithms trouble. Therefore, this paper studies 

the way in which the structured light source is illuminated perpendicular to the surface 

of the work piece and the camera is tilted. 

In practical applications, the visual model is often a dual camera model that is 

arbitrarily placed. It is usually not an ideal model of “parallel stereo vision” but a 

convergent model. In this thesis, the stereo vision system of "dual camera + line laser" 

is adopted. Binocular vision is an important foundation. The geometric layout of the 

two cameras directly affects the common field of view of the two cameras. Therefore, 

the structure of the two cameras should be considered first. Both the left and right 

cameras must photograph the weld target, and the merged optical axis structure has 

a large field of view to meet this requirement. Therefore, the binocular stereo vision 

system is constructed by adopting the structure of the optical axis. The optical axis 

structure of the intersection is shown in Figure 2-3. The two cameras Oi and Or are 

connected to the baseline B.The angle between the optical axes Zi and Zr of the two 

cameras is ɵ. 

 

Figure 3 Binocular stereo vision structure of the intersection optical axis structure 

With theoretical analysis [4], the overlap of the images of the two cameras increases 

with the increase of the angle. It proved to be the best at the time, but this would 

require a large baseline B, which is unreasonable for the measurement system in this 

paper. For the binocular vision measurement system, there is a theory that [5], when 

the angle cannot be exceeded, and the baseline B does not exceed, the error of the 

binocular measurement is small. The two cameras are shooting close to the welded 

plate, and the distance from the camera to the welded plate is not greater than . 

Therefore, in order to adapt to the working environment of the measurement, the 
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angle and the baseline B should be properly adjusted. In order to make the overlap 

of the left and right cameras in the weld image better, the test accuracy is higher. 

After field test, within the adjustment range, the range of baseline B is selected. The 

layout of the two cameras and lasers is shown in Figure 2-4. 

 

Figure 4 Two camera and laser layout 

 

2.2 Camera and lens selection 

Industrial cameras currently used for machine vision include CMOS cameras and CCD 

cameras. The low signal noise, high resolution, high sensitivity and other high image 

quality determined by the physical principle of the CCD firmly occupy the high-end 

image sensor market. The CMOS image sensor is characterized by its high integration, 

high speed, small size and low price. The low-end market occupies a growing share 

[6]. Compared with CCD image sensors, CMOS has the advantages of low power 

consumption, small size of camera system, and integration of signal processing circuits 

and image sensors on one chip. CMOS devices are more versatile, allowing users to 

build more different camera systems. Unlike CCDs, CMOS image pixels have their own 

amplifiers, and CMOS image sensors have a high degree of integration. Compared to 

CCD cameras, CMOS cameras are faster to acquire. The characteristics of the two 

cameras are shown in Table 1. 

Table 1 Characteristics of CCD and CMOS image sensors 

CCD CMOS 

Cell size Single internal voltage supply 

Lowest noise Single master clock 

Lowest dark current Low power consumption 

Highest sensitivity 
X-Y addressing can open any sub-

window 

Full frame transfer structure duty cycle 

nearly 100% 

Camera circuit is easy to fully integrate 

(single chip camera) 

Has a natural electronic shutter function Minimum system size 
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Mature technology and market Relatively low price 

 
In this paper, we need to do weld identification and measurement, combine the 

experimental environment, and combine the above characteristics to select a highly 

integrated CMOS camera. The CMOS camera is used as the visual sensor of the 

binocular stereo vision system. The general industrial camera is used, the model is 

CYM300. 

An optical lens is a type of optical device whose main function is to focus light to image 

an object in the camera's field of view on the camera surface, meaning that the 

imaging target is projected onto the image sensor. The quality of the lens is related 

to the accuracy of the entire machine vision system test. Binocular measurement 

requires an accuracy of 0.1, the lateral length of the known camera size, the required 

lateral range of the field of view, and the object distance between, according to the 

calculation, the focal length of the lens is obtained. Therefore, the system adopts the 

industrial fixed focal length 12 matching lens, and its quality is good. The key is that 

its distortion is small, which can reduce the calculation amount of the back three-

dimensional measurement. 

 
2.3 Selection of line lasers 

Lasers are widely used for positioning and ranging due to their good orientation and 

high brightness. As an indicator for assisting binocular stereo vision, a laser that 

produces line-structured light should have the characteristics of small size and stable 

performance, and a linear diode laser can satisfy this requirement. The light emitted 

by the semiconductor laser passes through the combined lens and the lenticular lens 

to form a "one" shaped structured light [7], the structure of which is shown in Figure 

5. 

 

Figure 5 Linear laser structure 

In the process of detecting, due to the interference of external light, filters should be 

used to reduce the interference of natural light when designing the structured light 

vision sensor. It is necessary to study the spectral distribution of the arc so that the 

center wavelength of the laser avoids the peak of natural light. The effect of natural 

light on the laser light band is reduced, and a visual sensing image with better signal 

to noise is obtained [8]. Laser diodes with center wavelengths of 467 nm, 594 nm, 

610 nm, 650 nm, and 950 nm have large output power and can be used as illumination 
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sources for structured light vision sensors. The spectral response curve of CMOS is 

shown in Figure 6. It can be seen that the camera has a large response when the 

wavelength of the laser is in the range of 400-650 nm. In this paper, a red laser with 

a center wavelength of 650 nm and a power of 20 mw is selected. 

 

Figure 6 Spectral response curve of a CMOS camera 

 
In order to make the line structure light appear in the overlapping portion of the image 

of the two cameras, the imaging of the projection on the weld bead will be strongly 

reflected, which seriously interferes with the quality of the image processing. After 

testing, the diode laser is installed in the middle position of the two cameras, and the 

reflection is small, and the imaging effect is good. In order to adapt to the field working 

environment, the installation angle of the line laser can be adjusted, and the thickness 

of the laser can be adjusted. 

 
2.4 Filter selection 

This system uses a standard low-pass filter that can be matched with an infrared word 

line laser. The filter is installed in front of the lens of the industrial camera, which can 

effectively reduce the interference of the welding plate, and can obtain the laser stripe 

information well, and ensure that the stripe information enters the imaging field of 

view of the camera. 

 

2.5 Laser controller 

An adjustable voltage switching power adapter that controls the brightness and 

intensity of the laser by trimming the voltage. By adjusting the thickness of the word 

laser, the infrared light that the camera can recognize can be generated. Built-in 

overload overvoltage protection circuit can effectively guarantee the stability and 

service life of laser products. 

 
3. Overall hardware system 

(1) Binocular stereo vision platform based on structured light 
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A binocular stereo vision platform can be used for the detection of three-dimensional 

points. It consists of two cameras and one laser. Since the identification measurement 

of the weld position is the identification measurement in the close range, in order to 

ensure that the two cameras acquire the overlapping part of the image, a binocular 

stereo vision system adopting the optical axis structure is adopted, and The angle 

between the two camera axes is in the inner range, and the baseline B is adjustable. 

A generator for assisting the matching of line-structured light, that is, the laser emitter 

is mounted in the middle of the sides of the two cameras, and the angle of the laser 

is adjustable. 

(2) Binocular bracket 

The fine-tuning long-type pan/tilt plate can be used to fix the laser and two cameras, 

and the aluminum alloy material is used, and the rigidity and strength are satisfactory. 

The adjustment of the left and right distances of the two cameras and the adjustment 

of the rotation angle can be realized, and the back and forth movement of the moving 

plate is adjusted by rotating the knob to ensure the relative fixation of the positions 

of the two cameras. 

(3) Vertical lifting bracket 

In order to achieve the object distance adjustment of the binocular vision system, in 

this paper, the upper and lower adjustment brackets are used. It consists of a 

mounting ring, an adjustment lifting post, a column and a bottom plate. 

(4) Computer 

The 8G memory, windows10 system, I7 processor computer, its main function to 

achieve camera shooting and image processing. 

(5) Mobile workbench 

The single-chip microcomputer controls the stepping motor to drive the worktable so 

that the worktable can move at a certain speed. 

 
4. Conclusion 

Firstly, the composition of the overall hardware system is introduced. The stereo vision 

system of "structured light + binocular vision" is designed, so that most of the image's 

region of interest is in the collection area. According to the actual working conditions, 

the binocular stereo vision system is constructed by adopting the structure of the 

optical axis. 

Then introduce the principle of binocular vision measurement based on structured 

light, which can measure the three-dimensional information of the object, which is 

suitable for the method of measuring welds in this paper. The line structure light 

measurement mode is determined, and the measurement speed is fast, and the three-

dimensional information of the weld seam can be quickly obtained. 
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Finally, build a complete hardware system, determine the selection and installation of 

the camera and line laser, determine the angle between the two camera axes 20 =  , 

Baseline B is in the range of 180mm, and the left and right camera to collect the weld 

image, so that the collected images overlap. The fixing device determines the selection 

of the binocular bracket and the vertical lifting bracket to determine the selection of 

the light intensity controller and the computer to form the required hardware system. 
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