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DESCRIPTION 

[001] TECHNICAL FIELD 

 

[002] The present disclosure generally relates to the field of quality control for system driven 

welding processes.  More particularly, the present disclosure relates to Artificial 5 

Intelligence (AI) based system for detecting and correcting defects in the welding in real-

time.  

 

[003] BACKGROUND 

 10 

[004] The following description includes information that may be useful in understanding the 

present invention. It is not an admission that any of the information provided herein is 

prior art or relevant to the presently claimed invention, or that any publication specifically 

or implicitly referenced is prior art. 

 15 

[005] The quality of welding play vital role in metal fabrication industries. The quality of the 

welding may be controlled in many different manners. One of such manners includes 

identifying the defects by visual inspection and after identifying the defects sending back 

the defected workpiece for rectification of the defects. However, such manual visual 

inspection is time consuming, susceptible to error, and inefficient process.  20 

 

[006] Another way to control the quality of the welding is to apply some testing techniques on 

the welded workpiece. Such testing may be applied using various testing instruments. 

However, such testing is performed after the workpiece is welded, which results as 

increase in overall manufacturing time. The manufacturing time is also affected by the 25 

availability of the testing instrument and may increase due to unavailability of the testing 

instrument. Further, such quality control mechanisms require different apparatus each for 

performing the welding, detecting the defects, and rectifying the identified defects. Thus, 

these mechanisms are time consuming, cost prohibitive, and requires human intervention 

to a larger extent. 30 

 

[007] Thus, there exists a need in the art for techniques to provide intelligent solution to 

automatically detect and correct the defects while performing the welding and resultant 

welded workpiece. 

 35 
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[008] SUMMARY 

 

[009] The present disclosure overcomes one or more shortcomings of the prior art and provides 

additional advantages. Embodiments and aspects of the disclosure described in detail 

herein are considered a part of the claimed disclosure. 5 

 

[0010] A system of one or more computers can be configured to perform particular operations 

or actions by virtue of having software, firmware, hardware, or a combination of them 

installed on the system that in operation causes or cause the system to perform the actions. 

One or more computer programs can be configured to perform particular operations or 10 

actions by virtue of including instructions that, when executed by data processing 

apparatus, cause the apparatus to perform the actions.  

 

[0011] In one non-limiting embodiment of the present disclosure, an AI based method for 

detecting and correcting welding defects in real time is disclosed. The method discloses 15 

generating a 3D model of a workpiece subjected to welding, from a plurality of images 

received from a first image capturing unit.  The method further discloses guiding a first 

robotic arm to perform specific welding on the workpiece based on a plurality of welding 

parameters extracted from analysis of the 3D model of the workpiece using a trained AI 

model. The method further discloses monitoring the welding in real-time and detecting 20 

at least one defect in the welding using the trained AI model. The method further 

discloses discontinuing the welding in response to detecting the at least one defect in the 

welding and initiating a welding correction process to correct the at least one defect 

identified in the workpiece. The method further discloses continuing the welding upon 

completion of the welding correction process, and the real-time monitoring, until the 25 

welding of the workpiece is completed. The method furthermore discloses guiding a 

second robotic arm to perform non-destructive testing of the welded workpiece to 

identify, using the trained AI model, one or more remaining defects in the welded 

workpiece.  Lastly, the method discloses correcting the one or more remaining defects in 

the welded workpiece.  30 

 

[0012] In another non-limiting embodiment of the present disclosure for determining the 

plurality of welding parameters, the method further comprises determining one or more 

of welding process, welding types, welding current, welding temperature, arc voltage, 
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welding speed, electrode feed speed, electrode extension, electrode diameter, electrode 

orientation, electrode polarity, weld size, throat thickness, leg length, and shielding gas 

composition. The AI model is trained to determine the welding type, welding current, 

and welding temperature in the real-time, using supervised machine learning technique, 

based on a large dataset of welding process, welding types, welding current, welding 5 

temperature, arc voltage, welding speed, electrode feed speed, electrode extension, 

electrode diameter, electrode orientation, electrode polarity, weld size, throat thickness, 

leg length, and shielding gas composition.  

 

[0013] In yet another non-limiting embodiment of the present disclosure for monitoring the 10 

welding in the real-time and detecting the at least one defect in the welding the method 

discloses capturing a video stream of the welding and processing the captured video 

stream in the real-time by the trained AI model to detect at least one defect in the welding. 

The AI model is trained to determine at least one defect in the welding, using supervised 

machine learning technique, based on a large set of images having plurality of defects in 15 

the welding.  

 

[0014] In yet another non-limiting embodiment of the present disclosure, the welding 

correction process includes determining location(s) of the at least one defect in the 

welding by analysing the captured video stream using the trained AI model. The welding 20 

correction process further includes selectively guiding the first robotic arm to perform 

re-welding at the determined location(s) to remove the at least one defect, and selectively 

training the AI model based on the detected at least one defect.  

 

[0015] In yet another non-limiting embodiment of the present disclosure for identifying the 25 

one or more remaining defects in the welded workpiece, the method further discloses 

capturing one or more images of the welded workpiece while performing the non-

destructive testing using a second image capturing unit. The method further discloses 

detecting the one or more remaining defects by processing the one or more images of 

workpiece using the trained AI model. Specifically, the AI model is trained for 30 

determining the one or more remaining defects in the welded workpiece, using 

supervised machine learning technique, based on a large set of images of plurality of 

defects in welded workpieces. 
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[0016] In yet another non-limiting embodiment of the present disclosure for correcting the one 

or more remaining defects in the welded workpiece the method further discloses 

determining location(s) of the one or more remaining defects in the welded workpiece 

using the trained AI model. The method further discloses selectively guiding the first 

robotic arm to perform re-welding at the determined location(s) to remove the one or 5 

more remaining defects, and selectively training the AI model based on the one or more 

remaining defects. 

 

[0017] In one non-limiting embodiment of the present disclosure, an Artificial Intelligence 

(AI) based robotic system to detect and correct welding defects in real-time is disclosed. 10 

The system comprises a first robotic arm having a first image capturing unit configured 

to capture a plurality of images of a workpiece subjected to welding and a welding unit 

mounted thereon and a second robotic arm having a testing unit and a second image 

capturing unit mounted thereon. The system further comprises and a system control unit 

comprising a trained AI model, and operatively coupled to the first robotic arm and the 15 

second robotic arm. The system control unit is configured to generate a 3D model of the 

workpiece, using the trained AI model, from the plurality of images received from the 

first image capturing unit. The system control unit is further configured to guide the first 

robotic arm to perform specific welding on the workpiece based on a plurality of welding 

parameters extracted from analysis of the 3D model of the workpiece using the trained 20 

AI model and monitor the welding in real-time using the first image capturing unit and 

detect at least one defect in the welding using the trained AI model. In response to 

detecting the at least one defect in the welding, the system control unit is configured to 

discontinue the welding and initiate a welding correction process to correct the at least 

one defect identified in the workpiece. The system control unit is further configured to 25 

continue the welding upon completion of the welding correction process, and the real-

time monitoring, until the welding of the workpiece is completed and guide the second 

robotic arm to perform non-destructive testing of the welded workpiece to identify, using 

the trained AI model, one or more remaining defects in the welded workpiece. The 

system control unit is further configured to correct the one or more remaining defects in 30 

the welded workpiece. 

 

[0018] In another non-limiting embodiment of the present disclosure, the plurality of welding 

parameters include one or more of welding process, welding types, welding current, 
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welding temperature, arc voltage, welding speed, electrode feed speed, electrode 

extension, electrode diameter, electrode orientation, electrode polarity, weld size, throat 

thickness, leg length, and shielding gas composition. The AI model is trained to 

determine the welding type, welding current, and welding temperature in the real-time, 

using supervised machine learning technique, based on a large dataset of welding 5 

process, welding types, welding current, welding temperature, arc voltage, welding 

speed, electrode feed speed, electrode extension, electrode diameter, electrode 

orientation, electrode polarity, weld size, throat thickness, leg length, and shielding gas 

composition. 

 10 

[0019] In yet another non-limiting embodiment of the present disclosure, to monitor the 

welding in the real-time and detect the at least one defect in the welding, the system 

control unit is configured to capture a video stream of the welding using the first image 

capturing unit and process the captured video stream in the real-time, using the trained 

AI model, to detect the at least one defect in the welding. The AI model is trained to 15 

determine the at least one defect in the welding, using supervised machine learning 

technique, based on a large set of images having plurality of defects in the welding. 

 

[0020] In yet another non-limiting embodiment of the present disclosure, to initiate the welding 

correction process to correct the at least one defect, the system control unit is configured 20 

to determine location(s) of the at least one defect in the welding by analysing the captured 

video stream using the trained AI model and guide the first robotic arm to perform re-

welding at the determined location(s) to remove the at least one defect. The system 

control unit is further configured to train the AI model based on the detected at least one 

defect to avoid such defect.  25 

 

[0021] In yet another non-limiting embodiment of the present disclosure, to identify the one or 

more remaining defects in the welded workpiece, the system control unit is configured 

to capture one or more images of the welded workpiece while performing the non-

destructive testing using the second image capturing unit.  The system control unit is 30 

further configured to detect the one or more remaining defects by processing the one or 

more images of workpiece using the trained AI model. The AI model is trained to 

determine the one or more remaining defects in the welded workpiece, using supervised 



 

7 

 

machine learning technique, based on a large set of images of plurality of defects in 

welded workpieces. 

 

[0022] In yet another non-limiting embodiment of the present disclosure, to correct the one or 

more remaining defects in the welded workpiece, the system control unit is configured 5 

to determine location(s) of the one or more remaining defects by processing the captured 

one or more images of the welded workpiece using the trained AI model.  The system 

control unit is further configured to guide the first robotic arm to perform re-welding at 

the determined location(s) to remove the one or more remaining defects. Additionally, 

the system control unit is further configured to train the AI model based on the one or 10 

more remaining defects. 

 

 

[0023] The foregoing summary is illustrative only and is not intended to be in any way limiting. 

In addition to the illustrative aspects, embodiments, and features described above, further 15 

aspects, embodiments, and features will become apparent by reference to the drawings 

and the following detailed description. 

 

[0024] BRIEF DESCRIPTION OF DRAWINGS 

 20 

[0025] The features, nature, and advantages of the present disclosure will become more 

apparent from the detailed description set forth below when taken in conjunction with 

the drawings in which like reference characters identify correspondingly throughout. 

Some embodiments of system and/or methods in accordance with embodiments of the 

present subject matter are now described, by way of example only, and with reference to 25 

the accompanying Figs., in which: 

 

[0026] Fig. 1 shows an exemplary environment of AI based robotic system to detect and correct 

the welding defects in real-time, in accordance with an embodiment of the present 

disclosure.  30 

 

[0027] Fig. 2 shows a block diagram of AI based robotic system to detect and correct the 

welding defects in real-time, in accordance with an embodiment of the present disclosure. 

 

[0028] Fig. 3 shows exemplary setup for training the AI model to determine welding 35 

parameters, in accordance with an embodiment of the present disclosure. 
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[0029] Fig. 4 shows exemplary setup to train the AI model for detecting various defects in 

welding, in accordance with an embodiment of the present disclosure. 

 

[0030]  Fig. 5 shows a flowchart of an exemplary AI based method for detecting and correcting 5 

welding defects in real-time, in accordance with an embodiment of the present disclosure. 

 

[0031] It should be appreciated by those skilled in the art that any block diagrams herein 

represent conceptual views of illustrative systems embodying the principles of the 

present subject matter. Similarly, it will be appreciated that any flow charts, flow 10 

diagrams, state transition diagrams, pseudo code, and the like represent various processes 

which may be substantially represented in a computer readable medium and executed by 

a computer or processor, whether or not such computer or processor is explicitly shown.  

 

[0032] DETAILED DESCRIPTION 15 

 

[0033] The foregoing has broadly outlined the features and technical advantages of the present 

disclosure in order that the detailed description of the disclosure that follows may be 

better understood. It should be appreciated by those skilled in the art that the conception 

and specific embodiment disclosed may be readily utilized as a basis for modifying or 20 

designing other structures for carrying out the same purposes of the present disclosure. 

 

[0034] The novel features which are believed to be characteristic of the disclosure, both as to 

its organization and method of operation, together with further objects and advantages 

will be better understood from the following description when considered in connection 25 

with the accompanying figures. It is to be expressly understood, however, that each of 

the figures is provided for the purpose of illustration and description only and is not 

intended as a definition of the limits of the present disclosure. 

 

[0035] Various embodiments of the present invention now will be described more fully 30 

hereinafter with reference to the accompanying drawings, in which some, but not all 

embodiments of the invention are shown. Indeed, the invention may be embodied in 

many different forms and should not be construed as limited to the embodiments set forth 

herein. Rather, these embodiments are provided so that this disclosure will satisfy 

applicable requirements. The term “or” is used herein in both the alternative and 35 
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conjunctive sense, unless otherwise indicated. The terms “illustrative,” “example,” and 

“exemplary” are used to be examples with no indication of quality level. Like numbers 

refer to like elements throughout. 

 

[0036] The phrases “in an embodiment,” “in one embodiment,” “according to one 5 

embodiment,” and the like generally mean that the particular feature, structure, or 

characteristic following the phrase may be included in at least one embodiment of the 

present disclosure and may be included in more than one embodiment of the present 

disclosure (importantly, such phrases do not necessarily refer to the same embodiment). 

 10 

[0037] The word “exemplary” is used herein to mean “serving as an example, instance, or 

illustration.” Any implementation described herein as “exemplary” is not necessarily to 

be construed as preferred or advantageous over other implementations. 

 

[0038] If the specification states a component or feature “can,” “may,” “could,” “should,” 15 

“would,” “preferably,” “possibly,” “typically,” “optionally,” “for example,” “often,” or 

“might” (or other such language) be included or have a characteristic, that particular 

component or feature is not required to be included or to have the characteristic. Such 

component or feature may be optionally included in some embodiments, or it may be 

excluded. 20 

 

[0039] There exists various techniques and apparatus to perform welding. However, such 

techniques and/or apparatus need manual intervention to perform the welding. Although, 

the recent development in the industry has provided some automated tools to perform the 

welding, but these tools require manual intervention and monitoring. Further, the welding 25 

tools are not able to detect if any defects arise in the welding. Thus, different testing tools 

are required to detect the defects in the welding. However, these testing tools examines 

the welding once the welding of the entire workpiece is completed. Also, these tools are 

incapable of detecting the defects in the welding in real-time i.e., while performing the 

welding. Since the welding tools and the testing tools are different, and the testing is not 30 

performed in the real-time, the overall welding and testing process becomes time 

consuming and inefficient approach. 

 

[0040] The present disclosure relates to an Artificial Intelligence (AI) based method and 

robotic system to detect and correct welding defects in real-time. The AI based robotic 35 
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system and method is able to detect the welding defect while performing the welding and 

correct the detected defects in the real-time, thus the overall manufacturing time is 

reduced, and the need of separate device to detect the defects in the welding is also 

eliminated.  

 5 

[0041] Further, the disclosed AI based robotic system and method are capable of predicting 

various welding parameters, to perform the welding, that are specific to workpiece 

subjected to the welding to automate the entire process of the welding. Furthermore, the 

system and method may disclose a second layer of quality control that includes applying 

non-destructive testing technique on the welded workpiece to detect if there are any 10 

remaining defects in the welded workpiece. Upon detection of the remaining defects in 

the welded workpiece, a defect correction process may be initiated to rectify the 

remaining defects.   

 

[0042] Figure 1 shows an exemplary environment 100 for artificial intelligence based robotic 15 

system 102 to detect and correct defects in welding in real-time in accordance with an 

embodiment of the present disclosure. The AI based robotic system 102 may comprise 

at least a system control unit 104, a first robotic arm 106, a second robotic arm 108, but 

not limited thereto. The system control unit 104 may be operatively coupled to the first 

robotic arm 106 and the second robotic arm 108. The system control unit 104 may be 20 

configured to control and guide the first robotic arm 104 and the second robotic arm 106 

to perform various operations. Although the system control unit 104 is shown as separate 

entity outside the robotic system 102, a skilled person would appreciate the fact that the 

system control unit 104 may be an integral part of the robotic system 102.  In an 

exemplary embodiment, the system control unit 104 may be a Tech Pendant. 25 

 

[0043] Moving on, as shown in figure 1, the robotic system 102 may be communicatively 

coupled with a user device 110 and a power supply 112. The user device 110 may a 

computer, desktop, laptop, mobile device, user terminal, tablet, display, etc., which can 

be used to monitor the welding and to provide one or more inputs to control various 30 

welding operations. The power supply may provide the power for operation to the robotic 

system 102.  

 

[0044] The robotic system 102 is configured to perform the welding of the workpiece and 

simultaneously monitor the welding to identify any defect(s) in the welding. Upon 35 
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detection of any defect(s) in the welding, the robotic system 102 may temporarily 

discontinue the welding and may start rectification of the detected defect(s). After 

rectifying the defect(s), the system may continue performing the welding and monitoring 

the welding to detect further defect(s), if any. Additionally, upon completion of the 

welding, the system 102 may be further configured to apply non-destructive testing 5 

(NDT) techniques to detect whether any defect(s) remains in the welded workpiece. If 

any remaining defect(s) is identified in the welded workpiece, the robotic system 102 

may rectify the remaining defect(s). The structure and working of the robotic system 102, 

to achieve the desired objectives of the present disclosure, is explained in detail in forth 

coming paragraphs, in conjunction with figures 1 and figure 2. 10 

 

[0045] Referring to figure 2, an exemplary AI based robotic system 200 by way of block 

diagram is disclosed for detecting and correcting defects in welding in accordance with 

an embodiment of the present disclosure. The robotic system 200 may comprise a system 

control unit 202, a first robotic arm 204, a second robotic arm 206, but not limited thereto. 15 

The system control unit 202 may be operatively coupled with the first robotic arm 204 

and the second robotic arm 206 to control and guide the first robotic arm 204 and the 

second robotic arm 206 to perform various desired operations according to various 

embodiments of the present disclosure.  

 20 

[0046] According to an embodiment, the system control unit 202 may comprise various entities 

such as a trained Artificial Intelligent (AI) model 208, a processor 210, a memory 212, 

an input/output interface 214, but not limited thereto. All these entities remain operatively 

and communicatively coupled with each other. The trained AI model 208 plays an 

important role in the robotic system 200. In a specific embodiment, the AI model 208 of 25 

system 200 is pre-trained to detect various defects in the welding in real-time and any 

remaining defect(s) in the welded workpiece when the welding is completed.  

 

[0047] In another specific embodiment, the AI model 208 is also pre-trained to predict the type 

of welding required for the subjected workpiece (not shown) based on analysis of various 30 

parameters obtained from the analysis of multidimensional model of the workpiece 

subjected to welded. In an embodiment, the multidimensional model may be 2D or 3D 

model, but not limited thereto. Those skilled in the art will appreciate that the various 

parameters may comprise one or more of: welding type, welding current, and welding 
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temperature, arc voltage, welding speed, electrode feed speed, electrode extension, 

electrode diameter, electrode orientation, electrode polarity, weld size, throat thickness, 

leg length, and shielding gas composition, but not limited thereto. Further, a skilled 

person would appreciate the fact that the mentioned list of parameters is not exhaustive 

list, and there may be various other parameters which are not listed here. The scope of 5 

present disclosure should be considered to be limited only to the listed parameters. 

Description of figure 3 in forthcoming paragraphs explains in detail the training of AI 

model to predict the type of welding required for the subjected workpiece.  

 

[0048] In figure 3, at block 302, a large dataset of images of different type of workpieces 10 

having different welding requirements are provided for training AI model 308. The AI 

model 308 may be trained by iteratively processing the plurality of 3D models with 

various welding parameter using Graphics Processing unit (GPU) 304 that uses one or 

more know machine learning algorithms to generate a trained AI model 308. For 

example, supervised ML techniques may be used for training the AI model 308 by 15 

iteratively processing the plurality of annotated images. For training the model, the 

plurality of annotated 3D models may be divided into training 3D models and testing 3D 

models. In an exemplary aspect, the training 3D models may comprise 70-90% of the 

annotated 3D models and the testing 3D models may comprise 10-30% of the 3D models 

such that no 3D model is a part of the both the training and the testing 3D models.  20 

 

[0049] In an embodiment, for training the AI model, one or more welding parameters of the 

training 3D models such as welding process, welding types, welding current, welding 

temperature, arc voltage, welding speed, electrode feed speed, electrode extension, 

electrode diameter, electrode orientation, electrode polarity, weld size, throat thickness, 25 

leg length, and shielding gas composition may be used. A number of training iteration to 

train the model may be based on a learning score indicative of valid detection of welding 

parameters. The learning score is indicative of a learning loss encountered when training 

the model. If it is identified during training that the model is subjected to less learning 

loss (i.e., the learning score is high) then such a model may be deployed in the testing. In 30 

some examples, the model may be trained iteratively until the learning loss is less than a 

threshold value indicative a high learning score. Thus, the model may be trained 

iteratively until the learning loss is less than the benchmark value. The trained model 308 

may be stored in a memory. In real-time, the generated 3D models 306 may be provided 
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to the trained model 308 to detect the welding parameters. Further, the detected 

parameters 310 may be used to further train the model 308 as shown in the figure 3. 

 

[0050] Coming back to figure 2, the first robotic arm 204 may have a first image capturing unit 

204a and a welding unit 204b mounted thereon, but not limited thereto. The first image 5 

capturing unit 204a may be any device which is capable of capturing high quality images 

and/or video stream of the workpiece not only prior to welding process but also during 

the welding process. In an embodiment, the first image capturing unit 204a may be 

configured to provide a plurality of images and/or a video stream of the entire workpiece 

subjected to welding in order to generate the multidimensional model of the workpiece. 10 

The first image capturing unit 204a is mounted on the first robotic arm 204 in such a 

manner that it may take images and/or video of the workpiece from 360°, which is helpful 

in generating the 3D model of the workpiece. The first image capturing unit 204a may 

also be used to continuously monitor the welding in real-time to detect any defect in the 

welding. Further, the welding unit 204b may be used to perform the welding as guided 15 

by the system control unit 202 according to the generated multidimensional model.  

 

[0051] In another embodiment, the second robotic arm 206 may have a second image capturing 

unit 206a and a testing unit 206b mounted thereon, but not limited thereto. The second 

image capturing unit 206a may be any suitable device which is capable of capturing 20 

images and/or video stream of the welded workpiece. The second image capturing unit 

206a may capture a plurality of images of the welded workpiece while applying any weld 

testing technique to detect any remaining welding defects in the workpiece. The second 

image capturing unit 206a is mounted on the second robotic arm 206 in such a manner 

that it may take images and/or video of the workpiece from 360°, which is helpful in 25 

capturing a plurality of images of the welded workpiece while applying any weld testing 

technique to detect any remaining welding defects in the workpiece. The testing unit 

206b may be used to apply any suitable testing technique to detect the remaining defects. 

In one embodiment, the testing unit 206b may apply non-destructive testing (NDT) 

technique to detect whether any defect is remaining in the welded workpiece.  30 

 

[0052] Referring again to figure 2, the user may initiate a welding process to weld a workpiece 

by providing one or more inputs via the user device 110 to the robotic system 102, 200. 

When the user initiates the welding process to weld the workpiece, the system control 
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unit 202 may trigger a first signal to the first image capturing unit 204a to capture a 

plurality of images, from different angles, of the workpiece subjected to the welding. In 

response, the first image capturing unit 204a may capture the plurality of images of the 

workpiece and send the captured images to the system control unit 202. The system 

control unit 202 may receive and store the captured images in the memory 212. Further, 5 

the system control unit 202 may generate the multidimensional model such as 2D or 3D 

model of the workpiece by processing the received plurality of images using the trained 

AI model 208. The system control unit 202 may utilize any suitable image processing 

technique to generate the multidimensional model of the workpiece. 

 10 

[0053] After generating the multidimensional model such as the 3D model of the workpiece, 

the system control unit 202 may be configured to analyse the multidimensional model 

using the trained AI model 208 to extract a plurality of welding parameters that may 

guide the first robotic arm 204 on welding process to be followed. In an embodiment, the 

plurality of welding parameters may comprise one or more of: welding process, welding 15 

type, welding current, welding temperature, voltage, welding speed, electrode feed 

speed, electrode extension, electrode diameter, electrode orientation, electrode polarity, 

and shielding gas composition, but not limited thereto. The AI model 208 may be trained 

to determine the plurality of welding parameters based on the 3D model of the workpiece 

in the real-time, using suitable machine learning technique such as supervised machine 20 

learning technique, as discussed in description of figure 3 in foregoing paragraphs. The 

AI model 208 may be trained based on a large dataset of welding process, welding types, 

welding current, welding temperature, arc voltage, welding speed, electrode feed speed, 

electrode extension, electrode diameter, electrode orientation, electrode polarity, and 

shielding gas composition for various 3D models of the workpieces. Thus, when the 3D 25 

model of the workpiece is generated, the trained AI model 208 may process the 3D model 

and may extract the plurality of welding parameters. 

 

[0054] After extracting the plurality of the welding parameters, the system control unit 202 

may guide the first robotic arm 204 to perform specific welding on the workpiece based 30 

on a plurality of welding parameters. Particularly, the system control unit 202 may 

control and guide the welding unit 204b mounted on the first robotic arm 204 to perform 

the specific welding. While performing the welding, the first image capturing unit 204a 

may monitor the welding in real-time. Thus, the system control unit 202 may control the 
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first image capturing unit 204a to monitor the welding to detect if any defect(s) arises in 

the welding. The system control unit 202 may guide the welding unit 204b and the first 

image capturing unit 204a to simultaneously perform and monitor the welding. Such 

monitoring of the welding in the real-time enable the detection of the defects in the 

welding as soon as it occurs in the welding. Since the defects may be detected in the real-5 

time, it reduces the overall manufacturing time comparative to the scenarios where the 

defects are detected only after the completion of the welding process. 

 

[0055] In order to detect the at least one defect in the welding, the system control unit 202 may 

be configured to send a second signal to the first image capturing unit 204a to capture a 10 

video stream of the welding, immediately after the welding process has initiated. In 

response, to receiving the second signal the first image capturing unit 204a may start 

capturing the images/video of the welding process and simultaneously shares the 

images/video, in real time, with the system control unit 202. Once, the captured stream 

is received by the system control unit 202, the system control unit 202 may process the 15 

captured video stream in the real-time using the trained AI system 208 to detect whether 

any defect exists in the welding or not. The AI model 208 may be trained to determine 

whether any defect(s) exists in the welding using suitable machine learning technique 

such as supervised machine learning technique, but not limited thereto. A large set of 

images having plurality of defects in the welding may be used to train the AI model 208. 20 

The training of the AI model to identify defects in the welded workpiece is shown in 

figure 4 in more detail, in below paragraphs. 

 

[0056] As shown in figure 4, at block 402, a large dataset of images of different types of 

welding defects are provided for training AI model 408. The AI model 408 may be 25 

trained by iteratively processing the plurality of annotated images of defects using 

Graphics Processing unit (GPU) 304 that uses one or more know machine learning 

algorithms to generate a trained AI model 408. For example, supervised AI and ML 

techniques may be used for training the AI model by iteratively processing the plurality 

of annotated images. For training the model, the plurality of annotated images may be 30 

divided into training images and testing images. In an exemplary aspect, the training 

images may comprise 70-90% of the annotated images and the testing images may 

comprise 10-30% of the annotated images such that no image is a part of the both the 

training and the testing images.  
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[0057] In an embodiment, for training the AI model, one or more defects of the training images 

such as weld crack, porosity, undercut, incomplete fusion, incomplete penetration, slag 

inclusion, spatter, but not limited to, may be used. A number of training iteration to train 

the model may be based on a learning score indicative of valid detection of defects. The 5 

learning score is indicative of a learning loss encountered when training the model. If it 

is identified during training that the model is subjected to less learning loss (i.e., the 

learning score is high) then such a model may be deployed in the testing. In some 

examples, the model may be trained iteratively until the learning loss is less than a 

threshold value indicative a high learning score. Thus, the model may be trained 10 

iteratively until the learning loss is less than the benchmark value. The trained model 408 

may be stored in a memory. In real-time, the captured images/video 406 may be provided 

to the model 408 to detect one or more defects. Further, the detected defects 410 may be 

used to further train the model 408 as shown in the figure. 

 15 

[0058] When the AI model 208 detects that at least one defect exists in the welding, the system 

control unit 202 may discontinue the welding and may initiate a welding correction 

process to correct the at least one defect identified in the workpiece. In order to correct 

the identified defect, the system control unit 202 may to determine location(s) of the 

identified defect in the welding by analysing the captured video stream using the trained 20 

AI model 208. In response to detecting the location(s), the system control unit 202 may 

guide the first robotic arm 204 to remove the at least one defect. Particularly, the system 

control unit 202 may control the welding unit 204b to remove/correct the at least one 

defect. In order to remove the defect, the system 200 may perform re-welding at the 

location of the identified defect.  25 

 

[0059] According to an embodiment, the system control unit 202 may identify possible reasons 

for the identified one or more defects by analysing the identified defect(s). In another 

embodiment, the system control unit 202 may send image(s) of the identified defect(s) to 

a user device (not shown in figure 2) to display the identified defect(s) to the user. The 30 

user may further analyse the defect(s) and understand possible reasons for occurrence of 

the defect(s). The user may provide one or more inputs to the system control unit 202 via 

the I/O unit, which may indicate the one or more reasons for the occurrence of the 

defect(s).  
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[0060] Based on the determined reasons, the system control unit 202 may decide whether the 

AI model 208 has to be further trained to avoid such defect(s) in the successive welding 

operations. There may be scenarios where the defects are due to some other factors which 

are not controlled by the robotic system 200 and in such scenario the user may take 5 

appropriate action rather than training the AI model 208. In case, where the AI model is 

trained based on detected defects, such further training of the AI model may be performed 

periodically either based on time period, number of welding operations, or number of 

detected defects, etc., but not limited thereto. For example, the AI model 208 may be 

trained based on the one or more detected defects in real-time or on hourly, daily, weekly, 10 

or monthly basis.  

 

[0061] In another example, the AI model 208 may be further trained based on the one or more 

detected defects after completion of a number of the welding operations. The information 

related to the defects detected during these operations may be stored in the memory, and 15 

may be accessed to perform the training of the AI model 208. In yet another example, 

the system control unit 202 may store plurality of detected defects and when the number 

of the stored defects reaches to a predefined number, the AI model 208 may be trained 

based on the detected defects. In this manner, by training the pre-trained AI model 208 

based on the defects detected in the real-time may increase the accuracy of the AI model 20 

208 and thereby improves the accuracy of the robotic system 200 and also reduces the 

manufacturing time significantly.  

 

[0062] Referring again to figure 2, after correcting the defect, the system control unit 202 may 

continue welding the workpiece. The system control unit 202 may keep monitoring the 25 

welding in the real-time to keep a track of any defect which may further arise in the 

welding. If any further defect arises in the welding, the system control unit 202 may 

immediately discontinue the welding and start the defect correction process. This process 

is repeated until the welding is completed. 

 30 

[0063] When the welding is completed, the system control unit 202 may be further configured 

to control and guide the second robotic arm to perform a second layer of test of the welded 

workpiece. The system control unit 202 may control the testing unit 206b to perform the 

testing of the welded workpiece. In an embodiment, the testing unit 206b may be 
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configured to apply non-destructive testing (NDT) technique to test the welded 

workpiece to detect whether any defect is remaining in the welded workpiece. In an 

embodiment, to apply the NDT technique, the system control unit 202 may be configured 

to control the second image capturing unit 206a to capture one or more images of the 

welded workpiece during the non-destructive testing. The system control unit 202 may 5 

process the one or more images using the pre-trained AI model to detect one or more 

remaining defects. In an exemplary embodiment, the AI model 208 may be trained to 

determine the one or more remaining defects in the welded workpiece. In an embodiment, 

the AI model 208 may be trained using machine learning technique such as supervised 

machine learning technique based on a large set of images of plurality of defects in 10 

welded workpieces.  

 

[0064] In order to detect the one or more remaining defects, the one or more captured images 

may be processed by the system control unit 202 using the trained AI model 208 to 

determine location(s) of the one or more remaining defects. Upon detecting the 15 

location(s) of the one or more remaining defects, the system control unit 202 may guide 

the welding unit 204b mounted on the first robotic arm 204 to perform re-welding at the 

determined location(s) to remove the one or more remaining defects.   

 

[0065] According to an embodiment, the system control unit 202 may identify possible reasons 20 

for the one or more remaining defects by analysing the identified one or more remaining 

defects. In another embodiment, the system control unit 202 send one or more images 

the one or more remaining defects to the user device (not shown in figure 2) to display 

the remaining defects to the user. In one embodiment, the user may further analyse the 

remaining defects and understand possible reasons for occurrence of the remaining 25 

defects. The user may provide one or more inputs to the system control unit 202 which 

may indicate the one or more reasons for the remaining defects. Based on the determined 

reasons, the system control unit 202 may decide whether the AI model 208 has to be 

further trained to avoid such defect(s) in the successive welding operations. There may 

be scenarios where the defects are due to some factors which are not controlled by the 30 

robotic system 200 and in such scenario the user may take appropriate action rather than 

training the AI model 208. In case, where the AI model 208 is trained based on the 

remaining defects, such further training of the AI model 208 may be performed 

periodically either based on time period, number of welding operations, or number of 
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detected defects, etc., but not limited thereto, as explained in previous embodiments. This 

second level of quality check ensure that the welded workpiece is defect free and enhance 

the accuracy of overall welding operation. 

 

[0066] In this manner, the robotic system 200 may perform welding in the automotive manner. 5 

The robotic system 200 may also detect and correct one or more defects in real-time. The 

robotic system 200 may detect and correct the defects while performing the welding in 

real-time and even after completion of welding. The robotic system 200 may apply the 

NDT technique to ensure the final welded workpiece does not comprise any kind of 

defects. Thus, the robotic system 200 may reduce the manufacturing time, and improves 10 

yield and efficiency.  

 

[0067] Fig. 5 illustrates a flow chart of a method 500 for detecting and correcting welding 

defects in real time according to an embodiment of the present disclosure. The method 

500 may also be described in the general context of computer executable instructions. 15 

Generally, computer executable instructions may include routines, programs, objects, 

components, data structures, procedures, modules, and functions, which perform specific 

functions or implement specific abstract data types. 

 

[0068] The order in which the method 500 is described is not intended to be construed as a 20 

limitation, and any number of the described method blocks may be combined in any order 

to implement the method. Additionally, individual blocks may be deleted from the 

methods without departing from the spirit and scope of the subject matter described.  

 

[0069] The method 500 may start when a user initiates a welding process to weld a workpiece. 25 

The user may initiate the welding process to weld the workpiece by providing one or 

more inputs via the user device 110 to the robotic system 102, 200. At step 502, the 

method 500 may comprise generating a 3D model of a workpiece subjected to welding, 

from a plurality of images received from a first image capturing unit. In order to generate 

the 3D model, the first image capturing unit 204a may capture a plurality of images of 30 

the workpiece subjected to the welding and may send the captured images to the system 

control unit 202. The system control unit 202 may receive and store the captured images 

in the memory 212. Further, 3D model of the workpiece may be generated by processing 
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the received plurality of images using the trained AI model 208. Any suitable image 

processing technique to generate the 3D model of the workpiece.  

 

[0070] After generating the 3D model of the workpiece, the 3D model may be analysed using 

the trained AI model 208 to extract a plurality of welding parameters to perform the 5 

welding that may guide the first robotic arm 204 on welding process to be followed. In 

an embodiment, the plurality of welding parameters may comprise one or more of: 

welding process, welding type, welding current, welding temperature, voltage, welding 

speed, electrode feed speed, electrode extension, electrode diameter, electrode 

orientation, electrode polarity, and shielding gas composition, but not limited thereto. 10 

The AI model 208 may be trained to determine the plurality of welding parameters based 

on the 3D model of the workpiece in the real-time, using suitable machine learning 

technique such as supervised machine learning technique. The AI model 208 may be 

trained based on a large dataset of welding process, welding types, welding current, 

welding temperature, arc voltage, welding speed, electrode feed speed, electrode 15 

extension, electrode diameter, electrode orientation, electrode polarity, and shielding gas 

composition for various 3D models of the workpieces. Thus, when the 3D model of the 

workpiece is generated, the trained AI model 208 may process the 3D model and may 

extract the plurality of welding parameters. 

 20 

[0071] At step 504, the method 500 may comprise guiding the first robotic arm 204 to perform 

specific welding on the workpiece based on a plurality of welding parameters extracted 

from analysis of the 3D model of the workpiece using a trained AI model 208. 

Particularly, the welding unit 204b mounted on the first robotic arm 204 may be guided 

and controlled to perform the specific welding. 25 

 

[0072] At step 506, the method 500 may comprise monitoring the welding in real-time and 

detecting at least one defect in the welding using the trained AI model 208. While 

performing the welding, the first image capturing unit 204a may monitor the welding in 

real-time. Thus, the system control unit 202 may be configured to send a signal to control 30 

the first image capturing unit 204a to monitor the welding, immediately after the welding 

process has initiated, to detect if any defect(s) arises in the welding. In response, to 

receiving the second signal the first image capturing unit 204a may start capturing the 

images/video of the welding process and simultaneously shares the images/video, in real 
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time, with the system control unit 202. The system control unit 202 may guide the 

welding unit 204b and the first image capturing unit 204a to simultaneously perform and 

monitor the welding. Such monitoring of the welding in the real-time enable the detection 

of the defects in the welding as soon as it occurs in the welding. This reduces the overall 

manufacturing time. 5 

 

[0073] At step 508, the method 500 may comprise in response to detecting the at least one 

defect in the welding, discontinuing the welding and initiating a welding correction 

process to correct the at least one defect identified in the workpiece. In order to detect 

the at least one defect in the welding, a video stream of the welding may be captured by 10 

the first image capturing unit 204a. The captured stream may be received by the system 

control unit 202 for further processing. The captured video stream may be processed in 

the real-time using the trained AI system 208 to detect whether any defect exists in the 

welding or not. The AI model 208 may be trained to determine whether any defect(s) 

exists in the welding using suitable machine learning technique such as supervised 15 

machine learning technique, but not limited thereto. A large set of images having 

plurality of defects in the welding may be used to train the AI model 208.  

 

[0074] When the AI model 208 detects that at least one defect exists in the welding, the system 

control unit 202 may discontinue the welding and may initiate a welding correction 20 

process to correct the at least one defect identified in the workpiece. In order to correct 

the identified defect, location(s) of the identified defect in the welding may be determined 

by analysing the captured video stream using the trained AI model 208. In response to 

detecting the location(s), the first robotic arm 204 may be guided to remove the at least 

one defect. Particularly, the system control unit 202 may control the welding unit 204b 25 

to remove/correct the at least one defect. In order to remove the defect, the system 200 

may perform re-welding at the location of the identified defect.  

 

[0075] According to an embodiment, possible reasons for the identified one or more defects 

may be determined by analysing the identified defect(s). In another embodiment, the 30 

system control unit 202 may send image(s) of the identified defect(s) to a user device to 

display the identified defect(s) to the user. The user may further analyse the defect(s) and 

understand possible reasons for occurrence of the defect(s). The user may provide one or 
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more inputs to the system control unit 202 via the I/O unit, which may indicate the one 

or more reasons for the occurrence of the defect(s).  

 

[0076] Based on the determined reasons, the system control unit 202 may decide whether the 

AI model 208 has to be further trained to avoid such defect(s) in the successive welding 5 

operations. There may be scenarios where the defects are due to some other factors which 

are not controlled by the robotic system 200 and in such scenario the user may take 

appropriate action rather than training the AI model 208. in case, where the AI model is 

trained based on detected defects, such further training of the AI model may be performed 

periodically either based on time period, number of welding operations, or number of 10 

detected defects, etc., but not limited thereto. For example, the AI model 208 may be 

trained based on the one or more detected defects in real-time or on hourly, daily, weekly, 

or monthly basis.  

 

[0077] In another example, the AI model 208 may be further trained based on the one or more 15 

detected defects after completion of a number of the welding operations. The information 

related to the defects detected during these operations may be stored in the memory, and 

may be accessed to perform the training of the AI model 208. In yet another example, 

the system control unit 202 may store plurality of detected defects and when the number 

of the stored defects reaches to a predefined number, the AI model 208 may be trained 20 

based on the detected defects. In this manner, by training the pre-trained AI model 208 

based on the defects detected in the real-time may increase the accuracy of the AI model 

208 and thereby improves the accuracy of the robotic system 200 and also reduces the 

manufacturing time significantly.  

 25 

[0078] At step 510, the method 500 may comprise continuing the welding upon completion of 

the welding correction process, and the real-time monitoring, until the welding of the 

workpiece is completed. The system control unit 202 may keep monitoring the welding 

in the real-time to keep a track of any defect which may further arise in the welding. If 

any further defect arises in the welding, the system control unit 202 may immediately 30 

discontinue the welding and start the defect correction process. This process is repeated 

until the welding is completed. 
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[0079] At step 512, the method 500 may comprise guiding the second robotic arm 206 perform 

a second layer of test i.e., non-destructive testing of the welded workpiece to identify, 

using the trained AI model 208, one or more remaining defects in the welded workpiece. 

The system control unit 202 may be configured control the testing unit 206b to perform 

the testing of the welded workpiece. The testing unit 206b may be configured to apply 5 

non-destructive testing (NDT) technique to test the welded workpiece to detect whether 

any defect is remaining in the welded workpiece. While applying the NDT technique, the 

system control unit 202 may also be configured to control the second image capturing 

unit 206a to capture one or more images of the welded workpiece during the non-

destructive testing. The system control unit 202 may process the one or more images 10 

using the pre-trained AI model to detect one or more remaining defects. In an exemplary 

embodiment, the AI model 208 may be trained to determine the one or more remaining 

defects in the welded workpiece. In an embodiment, the AI model 208 may be trained 

using machine learning technique such as supervised machine learning technique based 

on a large set of images of plurality of defects in welded workpieces.  15 

 

[0080] At step 514, the method 500 may comprise correcting the one or more remaining defects 

in the welded workpiece. In order to detect the one or more remaining defects, the one or 

more captured images may be processed by the system control unit 202 using the trained 

AI model 208 to determine location(s) of the one or more remaining defects. Upon 20 

detecting the location(s) of the one or more remaining defects, the system control unit 

202 may guide the welding unit 204b mounted on the first robotic arm 204 to perform 

re-welding at the determined location(s) to remove the one or more remaining defects.   

 

[0081] According to an embodiment, the system control unit 202 may identify possible reasons 25 

for the one or more remaining defects by analysing the identified one or more remaining 

defects. In another embodiment, the system control unit 202 send one or more images 

the one or more remaining defects to the user device (not shown in figure 2) to display 

the remaining defects to the user. In one embodiment, the user may further analyse the 

remaining defects and understand possible reasons for occurrence of the remaining 30 

defects. The user may provide one or more inputs to the system control unit 202 which 

may indicate the one or more reasons for the remaining defects. Based on the determined 

reasons, the system control unit 202 may decide whether the AI model 208 has to be 

further trained to avoid such defect(s) in the successive welding operations. There may 
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be scenarios where the defects are due to some factors which are not controlled by the 

robotic system 200 and in such scenario the user may take appropriate action rather than 

training the AI model 208. In case, where the AI model 208 is trained based on the 

remaining defects, such further training of the AI model 208 may be performed 

periodically either based on time period, number of welding operations, or number of 5 

detected defects, etc., but not limited thereto, as explained in previous embodiments. This 

second level of quality check ensure that the welded workpiece is defect free and enhance 

the accuracy of overall welding operation. 

 

 10 

[0082] In this manner, the method 500 may perform welding in the automotive manner. The 

method 500 may also detect and correct one or more defects in real-time. The method 

500 may detect and correct the defects while performing the welding in real-time and 

even after completion of welding. The method 500  may apply the NDT technique to 

ensure the final welded workpiece does not comprise any kind of defects. Thus, the 15 

method 500 may reduce the manufacturing time, and improves yield and efficiency. 

 

[0083] The illustrated steps are set out to explain the exemplary embodiments shown, and it 

should be anticipated that ongoing technological development will change the manner in 

which particular functions are performed. These examples are presented herein for 20 

purposes of illustration, and not limitation. Further, the boundaries of the functional 

building blocks have been arbitrarily defined herein for the convenience of the 

description. Alternative boundaries can be defined so long as the specified functions and 

relationships thereof are appropriately performed. 

 25 

[0084] Alternatives (including equivalents, extensions, variations, deviations, etc., of those 

described herein) will be apparent to persons skilled in the relevant art(s) based on the 

teachings contained herein. Such alternatives fall within the scope and spirit of the 

disclosed embodiments. 

 30 

[0085] Furthermore, one or more computer-readable storage media may be utilized in 

implementing embodiments consistent with the present disclosure. A computer-readable 

storage medium refers to any type of physical memory on which information or data 

readable by a processor may be stored. Thus, a computer-readable storage medium may 

store instructions for execution by one or more processors, including instructions for 35 
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causing the processor(s) to perform steps or stages consistent with the embodiments 

described herein. The term “computer- readable medium” should be understood to 

include tangible items and exclude carrier waves and transient signals, i.e., are non-

transitory. Examples include random access memory (RAM), read-only memory (ROM), 

volatile memory, non-volatile memory, hard drives, CD ROMs, DVDs, flash drives, 5 

disks, and any other known physical storage media. 

 

[0086] Suitable processors include, by way of example, a general-purpose processor, a special 

purpose processor, a conventional processor, a digital signal processor (DSP), a graphic 

processing unit (GPU), a plurality of microprocessors, one or more microprocessors in 10 

association with a DSP core, a controller, a microcontroller, Application Specific 

Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits, any 

other type of integrated circuit (IC), and/or a state machine. 
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WE CLAIM: 

 

1. An AI based method for detecting and correcting welding defects in real time, the 

method comprising: 

generating a 3D model of a workpiece subjected to welding, from a plurality of images 

received from a first image capturing unit; 

guiding a first robotic arm to perform specific welding on the workpiece based on a 

plurality of welding parameters extracted from analysis of the 3D model of the workpiece using 

a trained AI model; 

monitoring the welding in real-time and detecting at least one defect in the welding 

using the trained AI model; 

in response to detecting the at least one defect in the welding, discontinuing the welding 

and initiating a welding correction process to correct the at least one defect identified in the 

workpiece;  

continuing the welding upon completion of the welding correction process, and the real-

time monitoring, until the welding of the workpiece is completed; 

 guiding a second robotic arm to perform non-destructive testing of the welded 

workpiece to identify, using the trained AI model, one or more remaining defects in the welded 

workpiece; and 

correcting the one or more remaining defects in the welded workpiece.  

 

2. The method of claim 1, wherein determining the plurality of welding parameters 

comprises determining one or more of: welding process, welding types, welding current, 

welding temperature, arc voltage, welding speed, electrode feed speed, electrode extension, 

electrode diameter, electrode orientation, electrode polarity, weld size, throat thickness, leg 

length, and shielding gas composition, and 

wherein the AI model is trained to determine the welding type, welding current, and 

welding temperature in the real-time, using supervised machine learning technique, based on a 

large dataset of welding process, welding types, welding current, welding temperature, arc 

voltage, welding speed, electrode feed speed, electrode extension, electrode diameter, electrode 

orientation, electrode polarity, weld size, throat thickness, leg length, and shielding gas 

composition. 
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3. The method of claim 1, wherein monitoring the welding in the real-time and detecting 

the at least one defect in the welding comprises:  

capturing a video stream of the welding; and 

processing the captured video stream in the real-time by the trained AI model to detect 

at least one defect in the welding,  

 wherein the AI model is trained to determine at least one defect in the welding, using 

supervised machine learning technique, based on a large set of images having plurality of 

defects in the welding. 

 

4. The method of claim 3, wherein the welding correction process comprises:  

determining location(s) of the at least one defect in the welding by analysing the 

captured video stream using the trained AI model;  

selectively guiding the first robotic arm to perform re-welding at the determined 

location(s) to remove the at least one defect; and 

selectively training the AI model based on the detected at least one defect. 

 

5. The method of claim 1, wherein for identifying the one or more remaining defects in 

the welded workpiece, the method further comprises:   

capturing one or more images of the welded workpiece while performing the non-

destructive testing using a second image capturing unit; and 

detecting the one or more remaining defects by processing the one or more images of 

workpiece using the trained AI model, and 

 wherein the AI model is trained for determining the one or more remaining defects in 

the welded workpiece, using supervised machine learning technique, based on a large set of 

images of plurality of defects in welded workpieces. 

 

6. The method of claim 5, wherein correcting the one or more remaining defects in the 

welded workpiece comprises: 

determining location(s) of the one or more remaining defects in the welded workpiece 

using the trained AI model;  

selectively guiding the first robotic arm to perform re-welding at the determined 

location(s) to remove the one or more remaining defects; and 

selectively training the AI model based on the one or more remaining defects. 
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7. An Artificial Intelligence (AI) based robotic system to detect and correct welding 

defects in real-time, the system comprising: 

a first robotic arm having a first image capturing unit configured to capture a plurality 

of images of a workpiece subjected to welding and a welding unit mounted thereon,   

a second robotic arm having a testing unit and a second image capturing unit mounted 

thereon; and 

a system control unit comprising a trained AI model, and operatively coupled to the 

first robotic arm and the second robotic arm, the system control unit is configured to:  

generate a 3D model of the workpiece, using the trained AI model, from the 

plurality of images received from the first image capturing unit; 

guide the first robotic arm to perform specific welding on the workpiece based 

on a plurality of welding parameters extracted from analysis of the 3D model of the 

workpiece using the trained AI model; 

monitor the welding in real-time using the first image capturing unit and detect 

at least one defect in the welding using the trained AI model; 

in response to detecting the at least one defect in the welding, discontinue the 

welding and initiate a welding correction process to correct the at least one defect 

identified in the workpiece;  

continue the welding upon completion of the welding correction process, and 

the real-time monitoring, until the welding of the workpiece is completed; 

guide the second robotic arm to perform non-destructive testing of the welded 

workpiece to identify, using the trained AI model, one or more remaining defects in the 

welded workpiece; and 

correct the one or more remaining defects in the welded workpiece.  

 

8. The system of claim 7, wherein the plurality of welding parameters comprises one or 

more of: welding process, welding types, welding current, welding temperature, arc voltage, 

welding speed, electrode feed speed, electrode extension, electrode diameter, electrode 

orientation, electrode polarity, weld size, throat thickness, leg length, and shielding gas 

composition, and  

wherein the AI model is trained to determine the welding type, welding current, and 

welding temperature in the real-time, using supervised machine learning technique, based on a 

large dataset of welding process, welding types, welding current, welding temperature, arc 

voltage, welding speed, electrode feed speed, electrode extension, electrode diameter, electrode 
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orientation, electrode polarity, weld size, throat thickness, leg length, and shielding gas 

composition. 

 

9. The system of claim 7, wherein to monitor the welding in the real-time and detect the 

at least one defect in the welding, the system control unit is configured to:  

capture a video stream of the welding using the first image capturing unit; and 

process the captured video stream in the real-time, using the trained AI model, to detect 

the at least one defect in the welding,  

 wherein the AI model is trained to determine the at least one defect in the welding, 

using supervised machine learning technique, based on a large set of images having plurality 

of defects in the welding. 

 

10. The system of claim 9, wherein to initiate the welding correction process to correct the 

at least one defect, the system control unit is configured to:  

determine location(s) of the at least one defect in the welding by analysing the captured 

video stream using the trained AI model;  

guide the first robotic arm to perform re-welding at the determined location(s) to 

remove the at least one defect; and 

train the AI model based on the detected at least one defect to avoid such defect. 

 

11. The system of claim 7, wherein to identify the one or more remaining defects in the 

welded workpiece, the system control unit is configured to:  

capture one or more images of the welded workpiece using while performing the non-

destructive testing using the second image capturing unit; and 

detect the one or more remaining defects by processing the one or more images of 

workpiece using the trained AI model, and 

 wherein the AI model is trained to determine the one or more remaining defects in the 

welded workpiece, using supervised machine learning technique, based on a large set of images 

of plurality of defects in welded workpieces. 

 

12. The system of claim 11, wherein to correct the one or more remaining defects in the 

welded workpiece, the system control unit is configured to: 

determine location(s) of the one or more remaining defects by processing the captured 

one or more images of the welded workpiece using the trained AI model;  
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guide the first robotic arm to perform re-welding at the determined location(s) to 

remove the one or more remaining defects; and 

train the AI model based on the one or more remaining defects. 

 

Dated this 12th day of September 2022 

 

-- Digitally Signed-- 

Bhanu Prasad  

(INPA No: 3253) 

Manager, IPR Dept., 

L&T Technology Services Limited, 

DLF 3rd Block, 2nd Floor, 

                Manapakkam, Chennai - 600089. 
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ABSTRACT 

SYSTEM FOR DETECTING AND CORRECTING WELDING DEFECTS IN REAL-

TIME AND METHOD THEREOF 

 

The present disclosure relates to AI based system and method for detecting and correcting 

welding defects in real time. The method comprises generating a 3D model of a workpiece 

using a plurality of images of the workpiece. The method further comprises performing specific 

welding on the workpiece based on a plurality of welding parameters extracted from analysis 

of the 3D model of the workpiece using a trained AI model. The method further recites 

monitoring the welding in real-time and detecting defect(s) in the welding. In response to 

detecting the defect(s) in the welding, the welding is discontinued, and the defect(s) is 

corrected. Thereafter, the welding is continued and monitored until the welding of the 

workpiece is completed. Further, a non-destructive testing of the welded workpiece is 

performed to identify any remaining defects in the welded workpiece and the remaining defects 

are corrected in the welded workpiece.  

 

 

[Fig. 2] 
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