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Project Outline: 
The major objective of this proposal is to investigate and implement algorithms to further 
enhance the intelligence of the welding-robot system. Following are the tasks to be done for 
this project:  

(1) Welding Path Identification

This task aims to identify typical welding paths by using image-processing and 
patternrecognition techniques. In the previous project, the welding path for a square joint was 
located. In this project, the welding specimens with different built-up sections will be 
considered. The system will be able to identify the different types of joint to be welded, and to 
identify the corresponding welding paths. We will also investigate 3-D measurement techniques, 
so that the 3-D coordinates of the welding paths can be determined.  

(2) Quality Control System during Welding Processes
This task aims to develop a video/image acquisition system for quality control during routine 
welding processes. The system will capture the videos/images throughout 3 stages, namely i) 
pre-welding, ii) welding, and iii) post-welding stages. Through advanced image/video 
processing techniques, the system will be able to record the required technical data, including 
videos of welding pool formation, temperature profile and history, and width of welds. We will 
also use3-D measurement techniques to determine the 3-D structure of the seam surface for 
each welding pass.  

(3) Real-time Multi-Pass Welding Monitoring
This task aims to investigate how to control and instruct the existing welding robot in Welding 
Workshop W001. The robot is expected to carry out precision multi-pass welding automatically. 
If appropriate interface software for the welding robot is available, the deliverables of Tasks 1 
and 2 will be incorporated. However, more time will be required for this part of work.  

Progress / Achievement: (with photos, if any) 

This project is progressing smoothly. For Tasks 1 and 2 of this project, we have investigated 
the use of a 3D scanner to measure the 3D structure of the welding path and the seam surface 
profile. For Task 3, it is necessary for us to determine the 3D coordinates of the points to be 
welded.  



(1) 3D Scanning and Measurement  

We made a simple setup so that we can mount the 3D scanner/sensor 
and perform 3D measurement. Fig. 1 shows the setup, as well as the 
x, y, and z axes for the 3D coordinate system. The height (i.e. the z 
axis) of the sensor can be adjusted, and we found that the best height 
for scanning is 200mm. The workpiece to be scanned is moved in 
the y direction.   

The welding path used in our study is a V-shape groove. We can use 
the scanner to measure the width of the groove, and detect the two 
knee points. This is done at every position along the y axis. By 
combining all these measurements, the 3D structure of the groove 
can be determined. Fig. 2 shows the interface which displays the 
height and width measured for the welding path. In a cross section, 
the two lines which form the V-shape groove can be detected, and  Fig. 1: 3D scanner setup. the 
angle between the two lines can also be calculated accordingly. This angle is also illustrated in 
Fig. 2.  

  
Fig. 2: Measured height, width, and angle for a welding path.  
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(2) Depth Image and 3D Profiles  

By combining the measurements from each of the cross section, the 3D profile of the welding 
path or the seam surface can be constructed. Then, the volume of the welding path and the 
amount of filling material in a welding pass can be computed. Fig. 3(a) shows the depth image 
of a welding path, where different colours represent different depths, while Fig. 3(b) shows the 
3D surface structure.  

 
  (a)  (b)    
Fig. 3: (a) The depth image, and (b) the 3D profile view of a welding path.  

(3) Software Development based on LJ-V7000 API  

Different functions have been developed, based on the LJ-V7000 API, to perform different 
control operations, measurements, and data management. Following is a summary of the 
functions we have implemented for the LJ-V7000 scanner: 

• Embedded the API functions to make connection and data exchange with the scanner in 
our software platform.  
• A GUI for operating the scanner to obtain real-time depth data and to perform scanning 
measurement.  
• Designed the file and data structure for supporting multi-pass depth scanning.  
• Developed an alignment function to combine separated multi-pass scanning data for 
further measurement and analysis.  
• Allow operators to identify the region of interest (ROI) manually for volume change 
measurement.  
• Display the depth and profile views for the measured depth profile.  
• Measure the volume of a groove region and the volume change after a welding pass.  
• Save the multi-pass scanning data in CSV format.  



• Detect a possible welding path.  
  
In the following, we will show some more details of the developed software functions.  
3.1 The Graphic User Interface (GUI) designed for operating the scanner  
  
To facilitate operating the 3D scanner, a GUI has been designed and developed. From the GUI, 
the user can operate online data acquisition or load previously recorded 3D profile data. It also 
allows the user to set the ROI, alignment data, and set the height of the workpiece. The interface 
will also show a summary of the scanned data, including number of scans, data and volume 
changes, etc. Fig. 4 shows two testing samples, one is before welding while the other one is 
after welding. After scanning, Fig. 5 shows the results which will be displayed in the interface. 
The left panel illustrates the scanned surface on the top, while the bottom shows the 
measurements for one cross section. The right panel is for control and data display.  
  

  
Fig. 4: Two workpieces: one is without welding while the other one is welded.  

  



 
Fig. 5: The GUI developed for the 3D scanner.  

  
3.2 Real-time acquisition of depth profile  

Measurement of a depth profile can be control through the interface. The user can input the 
current scanning number. After scanning, the number of scanned profile data will be displayed, 
and the multi-pass depth profile data is stored in a CSV file. Fig. 6 show the GUI after a 
scanning pass.   
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Fig. 6: The depth profile displayed in the GUI after online acquisition.  

3.3 Reloading of scanned data  

The scanned data is stored in a CSV file. We can read a CSV file, and the scanned information 
will then be displayed in the GUI. The depth profile image will be shown in the display window, 
where different depth values are represented by different colours. When the mouse points to a 
particular position in the depth image, the corresponding depth values will be displayed.  
  
All the depth profile of the scanning passes will be shown in the bottom display window. The 
position of the profile can be changed by adjusting the scroller on the right. The number of 
scanned data for each pass is also shown. Fig. 7 shows the display of a scanned data.  
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Fig. 7: The display of two scanned results stored in files.  

3.4 Volume measurement of the welding path  

The depth profile data scanned from different passes must be aligned before we can measure 
the change in volume. Although the length of the target object is the same, the number of 
scanned profile data may not be the same due to variations between different scanning passes. 
Therefore, it is necessary to make alignment of the data size in the y direction before volume 

Depth values for the 
current position of 
the mouse over the 
depth image

v

Profile results 
for all passes

s



measurement takes place. Our developed user interface allows the operator to verify the 
position of a workpiece before and after each welding passes, and to align the position and 
orientation if the position of the workpiece is moved. Fig. 8 shows a result after alignment.  

 
Fig. 8: The alignment of scanned data from two different scanning passes.  

To calculate the volume of a part of a welding path, we need to provide the system with the 
height of the scanning region, the effective width of the scanning region, and the ROI 
considered. The height of the scanning region can be obtained by clicking on two points in the 
depth view display window. The effective width is required to be inputted by the user. The ROI 
can be set through the interface. Fig. 9 shows the parts in the interface which are used to set the 
parameters for measuring volume.  
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Fig. 9: The setting required for measuring volumes, and the display of measured volumes.  

Finally, the volume can be measured. For the two samples shown in Fig. 4, the following are 
the resulted volumes:  

Measured volume before welding: 7607.66mm3 

Measured volume change after welding: 6585.63mm3  
As we know the dimension of the workpieces, we can calculate the volume without welding 
directly. The calculated volume without welding = 120×10×10/2+120×1.5×10=7800mm3. The 
measured volumes are displayed in the interface, and are circled in blue in Fig. 9.  
  
3.5 welding path detection  

Based on the scanned 3D data, the groove and the welding path can be identified and detected 
automatically. Fig. 10 shows the welding path in a workpiece using white dotted lines.  
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Fig. 10: The welding path is detected, and depicted with white dotted lines.  

  
(4) 3D Coordinates Measured from Images  
  
In our future work, the 3D coordinates of a point in an image are to be estimated so that we can 
control a robotic arm to move to a specific position for performing certain operations. In our 
project, we consider using one and two cameras to determine the 3D coordinates.  
  
4.1 Camera calibration  
  
This process is used to determine the position and orientation, as well as the internal parameters 
of the camera being used in the measurement. This calibration can be achieved by using the 
Matlab Camera Calibration Apps or other tools. The program allows the user to import a set 
of images, each of which contains a checkerboard. The program will then automatically detect 
the checkerboard and estimate the intrinsic and extrinsic parameters of the camera. Fig. 11 
shows an example.  
  



  
Fig. 11: Checkerboard images applied to a camera calibration system. 

The intrinsic parameters are used to rectify the image affected by lens distortion. Fig. 12 show 
an example of a captured image and the corresponding rectified image. The distortion is not 
obvious from the images. However, when we measure the points in terms of pixels, the 
distortion may have significant effect on accuracy. The extrinsic parameters denote the system 
transformations from the 3D real-world coordinates to the camera coordinates.  
  

  
Fig. 12: An undistorted image is produced by rectifying a captured image, which is distorted, 

based on the estimated intrinsic parameters.  
  
4.2 Real-world reconstruction from 2D images  
  
An image is a 2D structure, i.e. the depth information is lost in an image. Our single camera 
reconstruction program allows a user to identify the real-world 3D coordinates of the key-points 
in a 2D plane. The plane is set by a checkerboard. The user is required to enter the size of the 
squares of the checkerboard, as shown below.  
  



  
  
After that, the program will automatically detect the checkerboard pattern and set the 2D 
coordinates. The origin [0,0] corresponds to the upper-right corner of the lower-left square of 
the board, as shown in Fig. 13.  
  

 
Fig. 13: The checkerboard used, with the origin of the coordinate system represented by the 

red dot.  
  
The program allows the user to interact with the scene by manually clicking on some key-points, 
marked by the red ‘x’ in Fig. 13, and the 2D real-world coordinates of these key-points will 
then be estimated by the program.  
  
To evaluate this system, we manually set four key-points, denoted as , ,  and  
around the workpiece, as shown in Fig. 13. Table 1 shows some measured and estimated 
distances based on the four points.  
  

Real Distance (cm) Estimated Distance (cm) 
-   15  15.36  

b



-   5  4.88  
-   12  10.72  

Table 1: The real or measured distances between the four key-points, and the corresponding 
estimated distances based on our program.  
  
4. Stereo camera real-world 3D reconstruction   
  
In this approach, two cameras are used to reconstruct the 3D structures. Stereo camera 
calibration is required the intrinsic and extrinsic parameters of the respective cameras. We use 
the Matlab Stereo Camera Calibration Apps to calibrate the stereo camera. We collect image 
pairs from two stationary cameras, which captures the left-view and the right-view of a 
checkerboard, as shown in Fig. 14.   
  

  
Fig. 14: Calibration for a pair of camera.   

  
Then, the program will automatically detect the checkerboard from each pair and estimate the 
intrinsic and extrinsic parameters of the stereo system.  

  
Our 3D reconstruction program allows the user to identify the real-world 3D coordinates of the 
key-points in 2D images. Different from the single camera 2D reconstruction, we do not use 
any checkerboard to set the coordinates. The disparity between the same key-point from the 
images captured by the two cameras is used to estimate the depth information. The origin of 
the real-world 3D coordinates corresponds to the optical center of the left camera, as shown in 
Fig. 15.  



  
Fig. 15: The origin of the two-camera system.  

To start the program, we need to import the stereo parameters estimated by the calibration apps 
and rectify the stereo scene. As shown in Fig. 16, the rectified stereo scene can be used to 
generate a disparity map for depth estimation.  

  
Fig. 16: The stereo scene used to generate the disparity map for depth estimation.  

  
The program allows the user to identify the 3D coordinates of matched key-points from the 
images of the same scene captured by the two cameras. Fig. 17 shows an example, where the 
matching key-point pairs are connected by a yellow line, and each key-point is marked with a 
green ‘x’.  
  

  



Fig. 17: Key-points matched from two cameras, for estimating the 3D coordinates of the 
keypoints.  
  
For each matched pair, the program will estimate its real-world coordinates, as shown in the 
following example.  

  
 
 
 
 

4. Future Work  
  
We have placed order for the robotic arm, Niryo One, which will be available in January 2018.  
Based on the 3D key-point reconstruction methods we have developed, we can determine the 
3D position of the workpiece and the point where welding should begin. We will then control 
the robotic arm to simulate the welding process. This is important for operating a welding robot 
in the future.  
  
Recently, we have also hired a research assistant to work on “3D Seam-Profile Reconstruction 
based on Stereopsis with Feature Matching”. We will use image processing techniques and 
stereopsis to reconstruct the 3D surface structure of welding paths and seam surface profiles. 
As we can use the 3D scanner to measure the real surface structure, so we can measure the 
accuracy of our proposed method. We expect that the image processing method will be much 
more efficient than the 3D scanner. We will attempt to submit the work to a relevant journal.  
  
 
 



5. Supplementary Work –  
Welding automation for Structural Steelwork on Sites 
By Ir Victor W.H. Wu 

1. There are many different scenarios and our project aims to cover most of them, if not all. 

2. We want to use a unified approach to automate the process and decided on using the Open 
Source Robot Operating System by the Open Source Robot Foundation. So that we can 
use the same approach and most of the software are common for equipment to cover these 
different scenarios. 

3. Prototypes and simulation works have already started. Some of the hardware has arrived 
some on the way being delivered and others have been ordered. 

4. Our aims are: 

a. To be as intelligent as current technology allows without too much human 
intervention.  

b. Minimize setup times for all the covered scenarios, better be within a couple of 
hours.  

c. Perform consistently with repeatable high quality welded joints.  

d. Provide in process records of every welded joints and stored in accessible database. 

e. Facilitates environments for further and more substantial research and investigation 
into the welding of high and ultra-high strength steel. 

Scenarios: 

A. Pre-fabrications in factories or workshops. This particular situation we can make use of 
conventional Industrial Robotic arms. Our Centre has already acquired a FANUC M-10iA 
welding robotic arm. This is especially suitable for welding jobs that can be carried out in 
workshop. A high dynamic range camera is mounted on it. So that we can make in process 
recording of the welding process, even the shape and condition of the weld pool. 

 



 

We are still working on automating the detection of the weld seam and remove the need of 
programming the robotic arm by the teach pendant. 

B. In building sites where the workpieces and the welding seams are on some level platforms. 
We can then use some simple carts to carry the welding torch. However, the emphasis is 
still on the easy and quick setup. So, we are aiming to guide the welding cart with a laser 
scanner to identify and track the welding seam. We have already bought a cart that can be 
controlled by ROS (the Robot Operating System).  

 

The laser scanner that we are going to use is the Keyence LJ V7200 – an Industrial grade laser 
scanner. 



 

 

We can then mount it onto the cart as shown below: 

 

When we use it to scan a workpiece on a level platform, we can clearly get a profile of the 
workpiece as shown blow. 

 



 

 

This profile of the workpiece will let us to work out where the welding seam is and hence used to 
guide the welding cart to proceed without prior programming. 

 

C. We will also have situations in building sites that I-beams or cylindrical hollow columns 
are used for piles. Where we need to weld them end to end in the process of piling. We 
plan to use miniature robotic arms that are comparatively easier to be portable. At the same 
time we can clamp it on the piles without bothering to find a fixed foundation for an 
Industrial Robotic Arm. That keeps us in target of easy and quick setup. We will still be 
using the same laser scanner to scan and obtain the profile of the welding seam for guiding 
the welding torch instead of time consuming pre-programming of the robotic arm. 

 

We have already ordered a miniature robotic arm, for prototype purpose and it is being delivered 
and will arrive anytime now. We have actually activated and in the process of controlling it by 
simulation, as shown here: 

 



 

 

D. We also prepare to cover the situations that in some cases in a building site there could be 
places where it would be difficult for any worker, welder, to reach. However, we still need 
to do some welding works there. We are in the process of ordering a spider like “hexapod” 
kind of robot. When equipped with electro-magnet feet it can climb/craw on steel columns 
and beams to reach places where it would be difficult, if not impossible, for welders. 

 

 

We have also bought a camera/scanner – the Intel Euclid as shown below. It is a camera with laser 
scanner, depth camera and IMU (Inertial Measuring Unit). That can help to locate where it is in 
relation with the environment and avoid collision with other obstacles. It will be put on a pan & 
tilt unit so that it can swirl around to scan the surrounding.  



 

 

 

 

 

When the hexapod reaches the target position of the welding joints it will again use the Keyence 
laser scanner to track the welding seam and guide the robotic hexapod. 

 

A unified and common approach: 

 Though there are different equipment and mechanisms to cover the different scenarios we 
are still using ROS as the controlling software. It will drive the different hardware – motors and 
sensors. It will plan the movement of the joints of robotic arms, movements of the hexapod and 
the movements of the pan & tilt platform. Therefore, will do not have to adopt and use different 
set of software. ROS also incorporated a number of vision and simulation packages. So, we will 
not re-invent the wheel but call functions and features from different packages. 



Hopefully this approach will speed up our implementation. Once we have built our prototypes we 
can move the complete set of software to more powerful and robust hardware. Also, in the future 
when any or all of these automated equipment is to be popularize the software can be used in a 
much wider spread without worrying about the licensing issues. 

 

Facilitating further research and investigation of welding for high strength steel 

When the above projects are implemented we will have a better equipped to investigate the 
welding of high and ultra-high strength steel in construction structures. The steady hands provided 
by the mechanisms will guarantee consistent and repeatable welding results. With the optical and 
laser scanning we will be able to make accurate measures of actual volume of welded material 
deposited, heat energy input. Also, we will be able to have detailed and well organised 
computerized records of the in-process conditions of every joint welded. 

This will help a systematic, scientific study of the whole welding process with actual measured 
data to support any theory derived. 

  


