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Abstract. This paper addresses on key intelligentized technologies for robotic welding, which 
contains computer vision technology for recognizing weld seam and starting, locally autonomous 
guiding and tracking seam, real-time intelligent control of weld penetration, seam forming and 
welding pool dynamics. A locally autonomous intelligentized welding robot (LAIWR) systems 
was developed, which could realize detecting and recognizing weld surroundings by visual 
sensing technology, identifying the initial position of weld seam, autonomously guiding weld 
torch to the weld starting and tracking the seam, real-time control of pulsed GTAW pool 
dynamics by vision computing and intelligent strategies. 

1   Introduction 

At present, the most welding robots serving in practical production still are the teaching 
and playback type, and can’t well meet quality and diversification requirements of 
welding production because this type of robots don’t have adaptive ability to 
circumstance changes and uncertain disturbances during welding process[1-5]. In 
practical production, welding conditions are often changing, such as the errors of 
pre-machining and fitting work-piece would result in differences of gap size and 
position, the change of work-piece heat conduction and dispersion during welding 
process would bring on weld distortion and penetration odds. In order to overcome or 
restrain various uncertain influences on welding quality, it will be an effective approach 
to develop and improve intelligent technologies for welding robots, such as vision 
sensing, recognizing welding surroundings, autonomously guiding and tracking seam, 
and real-time intelligent control of robotic welding process[5-12].  

In former researches, although some significant results were obtained in vision 
sensing, modeling and intelligent control of weld quality and pool dynamics[13-18], 
these intelligent technologies are still not realized effectively in welding robot systems 
due to complexity of welding process, real-time and opening limits of robot systems[5]. 

Therefore, developing intelligentized technology for improving current teaching and 
playback welding robot is necessary and exigent to satisfy high quality and flexible 
requirements for welding products and advanced manufacturing uptrend[1-5,12]. 
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2   The Structure of an Intelligentized Welding Robot Systems 

The principle scheme of an intelligentized welding robot systems is shown as Fig.1, 
Which is consisting of a 6-freedom manipulator and a freedom visual servo unit (VSU) 
installed on the sixth axis of the robot for turning a dual camera sensor; a welding seam 
guiding unit (SGU), a seam tracking unit (STU), a welding penetration control unit 
(PCU), a knowledge data unit (KDU) and a system simulation unit (SSU), all units are 
dominated by a central control computer (CCC). This combined welding robot system 
could realize autonomously recognizing weld starting and seam by vision sensing in the 
local circumstance, guiding robot to the starting, tracking seam, and real-time control of 
welding pool dynamics and seam forming during pulse GTAW by appropriate 
intelligentized strategies. It is called the locally autonomous intelligentized welding 
robot (LAIWR) systems in this paper[20].  

 

Fig. 1. The hardware structure of the LAIWR systems 

3   Key Technologies of Intelligentized Welding Robot Systems 

3.1   Recognizing and Guiding of Weld Starting Position for Welding Robot 

Realizing welding robot to recognize the weld start position by visual information and 
autonomously guide the robot to the starting would make the current teaching and 
playback robot improve its adaptability to the practical varying welding circumstance, 
it is one of the key technologies for the intelligentized welding robot. In the LAIWR 
systems, the recognizing and guiding technologies include to acquire the images of 
work-piece at welding space by visual sensing, to extract the characteristic of weld 
starting by proper image processing algorithms, to calculate the three dimension 
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coordinate values of the starting point by stereo matching methods, and to guide 
welding robot moving to the starting point. The recognizing and guiding technology 
subsystem is shown as Fig.2.  
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Fig. 2. The recognizing and guiding subsystem based on visual information 

The main recognizing and guiding steps of the LAIWR system as following[21]: 

1) Image segmentation and region picking-up of weld joint 
2) Image processing and recognizing of the weld starting 
3) Stereo matching algorithms for weld starting point  
4) Autonomously guiding strategy for robot moving to the weld starting   

A recognizing and guiding program flow chart is shown as Fig. 3, the detail algorithms 
and the guiding experiment results on the LAIWR systems are omitted here [21].�
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Fig. 3. Recognizing and guiding program flow chart for the LAIWR systems 
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3.2   Autonomously Programming and Tracking of Robotic Welding Path Based 
on Servo Vision  

Realizing welding robot to recognize weld seam, autonomously programming and 
real-time tracking of welding path by visual information would make the current teaching 
and playback robot improve its adaptability to the practical varying welding conditions, 
such as the error of assemble gap and processing work-piece, distortion and variation of 
the joint position and size during welding, it is another key technology for the 
intelligentized welding robot. In the LAIWR systems, it includes recognizing seam curve, 
autonomously program and track weld path by a servo vision. The principle of welding 
robotic programming and tracking subsystem with servo vision is shown as Fig.4. 
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Fig. 4. The welding robotic programming and tracking subsystem with servo vision 

Main steps of programming and tracking seam in LAIWR system as following[22]  
Using the frontal CCD camera of servo vision sensor, the LAIWR could take the 

joint image in the front of weld torch. Obtain the deflecting error to the joint and built a 
correct robotic coordinate value and path for robot tracking weld seam. The main steps 
is following as: 

1) Processing of the joint image to obtain the seam curve    
2) Extracting angle and distance deflections of weld seam 

The seam and angle deflection are defined as Fig.5, in the image coordinate U-V, the 
seam deflection is d, and the seam angle deflection is .  
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Fig. 5. Definitions of The seam deflection and angle 
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3) Detecting the end of weld joint 

In order to obtain the curve coordinates of a whole complete seam, it is necessary to 
detect the end of weld joint by the seam image. An image of the seam end is shown as 
Fig 6, which is the junction of three lines in the processing image of the weld joint.  

 
Fig. 6. Processing images of the weld joint 

4) Control strategy for robot to track seam curve coordinates 

The detail algorithms of programming and tracking seam for LAIWR systems are 
omitted. 

An experiment result of autonomously programming welding robotic path by servo 
vision is shown as Fig.7. 
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��� (a) S shape seam workpiece            (b) Robotic programming and tracking curve  

Fig. 7. Experiment of robotic programming and tracking path by servo vision 

3.3   Real-Time Control of Weld Pool and Seam Forming During Robotic Welding  

Realizing real-time control of dynamics of welding pool and seam forming is one of 
most crucial technologies for robotic welding quality. At present, almost teaching 
playback welding robot is non real-time control of dynamics of welding pool. In the 
LAIWR system, a real-time control subsystem as Fig.8 was developed for dynamical 
process of robotic welding.  

(1) Adaptive neural PID controller for real-time control of robotic welding  

In the LAIWR systems, an adaptive neural PID controller is developed for real-time 
control of dynamical pool and fore seam during robotic welding. Control, the controller 
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Fig. 8. Real-time control subsystem for dynamical process of robotic welding 

framework is showing as Fig.9, which includes common PID regulator, learning 
algorithms, neural networks NN1 and NN2 for modeling welding dynamics and 
modifying PID parameters. The controller algorithms are omitted here[20]. 
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Fig. 9. The framework of adaptive neural PID controller for robotic welding process 

(2) Image processing and feature acquiring of weld pool during robotic welding  

The controlled welding processing and results on the LAIWR systems are shown as 
Fig.10, it is showing the image processing results of the pool during robotic welding. 
The details are omitted here[19]. 

(a) (b) (c) (d) (e) (f)(a) (b) (c) (d) (e) (f)  
(a) Original (b) Median filter (c) Image reinforcing (d) Edge detecting (e) Profile extracting  
(f) Filtering  

Fig. 10. The results of Al alloy pool image processing during robotic welding 
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In the robotic welding, the image shape would be changed with seam curve and 
robot motion direction. The Fig.11 is shown Al alloy pool images in three direction of 
the S shape seam during robotic welding. The corresponding image processing 
algorithms were developed in LAIWR systems[20], and here it is omitted.  

 

 

a) The left rear direction b) The positive rear direction c) The right rear direction 

Fig. 11. Al alloy pool images in three direction of the S shape seam during robotic welding 

(3) Real-time control experiment during robotic welding[20]  

Using the characteristic information of the welding pool, the closed loop 
feedback control in LAIWR systems was structured and real-time control of 
dynamic welding process was realized. The experiments of the constant technical 
parameters, i.e. without the loop feedback control, and simple PID control scheme 
were conducted for comparing with the designed adaptive neural PID controller in 
this paper, the compared results is showing that the adaptive neural PID controller 
in the LAIWR systems is effective for real-time control of weld pool dynamics and 
fine seam formation during Al alloy pulse GTAW, the details are omitted here. The 
Fig.12 and Fig.13 are showing the controlled welding results on the LAIWR 
systems. The trapezoid and dumbbell workpiece are designed to simulate the 
different changes of heat conduction and the effectiveness of the controller during 
robotic welding process. The controlled results are showing that the desired seam 
width, 7.6mm for trapezoid workpiece, and 8.0mm for dumbbell workpiece, are 
maintained steadily by the peak current regulation during pulse GTAW on the 
LAIWR systems.  

3.4   Knowledge Extracting and Modeling of Dynamical Welding Process 

As is well known, the traditional welding is a typical handwork operations, which 
mainly depends on the welder’s skills, due to the highly complexity in welding 
process. In the intelligentized robotic welding systems, the knowledge model on 
welding process is a technical focus or key for dominating welding robot system. 
Some methods of knowledge acquisition and modeling by rough set, fuzzy set and 
neural network theory have been developed for welding dynamics[5,6,23], here it is 
omitted. 
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Topside                                                   Backside 

(a) Trapezoid workpiece  

   
 Topside                       Backside 

(b) Dumbbell workpiece  

Fig. 12. The workpiece pictures of adaptive neural PID controlled welding on the LAIWR  
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(a) Trapezoid workpiece                                 (b) Dumbbell workpiece 

Fig. 13. Adaptive neural PID controlled curves of Al alloy welding process on the LAIWR  

4   The Intelligent Structure of Intelligentized Welding Robot 
Systems 

Based on analysis on key technologies and functions of the systems like the LAIWR 
systems in Fig.1 as the above, a hierarchical intelligent structure framework is 
developed for an intelligentized welding robot systems as Fig.14 [5,20], which is 
divided into a five-level framework, which includes the executing level, the 
management level, the coordinator level, the proxy level, and the communication level. 
The framework can realize to search weld starting position, guide robot reaching the 
starting, tracking seam and correct deflections, control proper welding penetration and 
fine forming alike to a skilled welder’s operation during welding process. 
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5   Conclusions 

The key intelligentized welding techniques for robot systems include vision sensing for 
recognizing weld starting, guiding and tracking weld seam, programming path, pose 
and welding parameters, knowledge modeling and intelligent real-time control of 
welding dynamics, dominating intelligentized robotic systems, and so on. 

This paper has shown a primary intelligentized welding robot systems, so-called 
LAIWR systems, which realizes some key intelligentized technologies of welding 
robot system. These intelligentized technologies would be an important foundation for 
developing new-type intelligent welding robot in the future. 
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Fig. 14. A hierarchical intelligent structure framework of intelligentized welding systems 
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